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About
This
Manual

L

TheIMAQ Vision for G Reference Manudéscribes the features,
functions, and operation of IMAQ Vision for G. To use this manual
effectively, you should be familiar with image processing, your image
capture hardware, and LabVIEW or BridgeVIEW.

Organization of This Manual

TheIMAQ Vision for G Reference Manual organized as follows:

© National Instruments Corporation

Chapter 1 Algorithms and Principles of Image Files and Data
Structures contains an overview of image files and data structures.

Chapter 2Tools and Utilities describes the tools and utilities used
in IMAQ Vision.

Chapter 3L.ookup Transformationgrovides an overview of lookup
table transformations.

Chapter 40perators describes the arithmetic and logic operators
used in IMAQ Vision.

Chapter 5Spatial Filtering provides an overview of the spatial
filters, including linear and nonlinear filters, used in IMAQ Vision.

Chapter 6Frequency Filteringdescribes the frequency filters used
in IMAQ Vision.

Chapter 7Morphology Analysisprovides an overview of
morphology image analysis.

Chapter 8Quantitative Analysisprovides an overview of
guantitative image analysis.

Chapter 9JMAQ Vision Programming Conceptsontains an

overview of IMAQ Vision programming concepts, a description of
the Base and Advanced versions of IMAQ Vision, and a listing of
the Vs included in these versions. It also provides a summary of
the icons used in the function reference chapters of this manual.

Chapter 10Management V|sdescribes the Management VIs in
IMAQ Vision.

Chapter 11File Vs, describes the File VIs in IMAQ Vision.
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Chapter 12Display VlIs describes various Display VIs in

IMAQ Vision.

Chapter 13Tool Vis describes the image, pixel, and diverse Tool
Vis in IMAQ Vision.

Chapter 14Conversion Visdescribes the Conversion Vs in IMAQ
Vision.

Chapter 150perator VIs describes the Operator Vlis in IMAQ
Vision.

Chapter 16Processing Visdescribes the Processing Vis i n IMAQ
Vision.

Chapter 17Filter Vis, describes the Filter VIs in IMAQ Vision.
Chapter 18Morphology VIs describes the Morphology Vls in
IMAQ Vision.

Chapter 19Analysis Visdescribes the Analysis Vis in IMAQ
Vision.

Chapter 20Geometry Visdescribes the Geometry Vis in IMAQ
Vision.

Chapter 21Complex Visdescribes the Complex Vis in IMAQ
Vision.

Chapter 22Color VIs describes the Color Vis in IMAQ Vision.

Chapter 23External Library Support V|sdescribes the External
Library Support VIs in IMAQ Vision.

Appendix A,Customer Communicatipeontains forms you can use
to request help from National Instruments or to comment on our
products and manuals.

TheGlossarycontains an alphabetical list and description of terms
used in this manual, including abbreviations, acronyms, metric
prefixes, mnemonics, and symbols.

The Indexcontains an alphabetical list of key terms and topics in
this manual, including the page where you can find each one.
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Conventions Used in This Manual

The following conventions are used in this manual:

bold Bold text denotes the names of menus, menu items, parameters, dialog
box buttons or options, icons, Windows 95 tabs, or LEDs.

italic Italic text denotes variables, emphasis, a cross reference, or an
introduction to a key concept.

bold italic Bold italic text denotes an activity objective, note, caution, or warning.

monospace Text in this font denotes text or characters that you should literally enter

from the keyboard, sections of code, programming examples, and
syntax examples. This font also is used for the proper names of disk
drives, paths, directories, programs, subprograms, subroutines, device
names, filenames, and extensions, and for statements and comments
taken from program code.

bold Bold text in this font denotes the messages and responses that the
monospace computer automatically prints to the screen. This font also emphasizes
lines of code that are different from the other examples.

<> Angle brackets enclose the name of a key on the keyboard—for
example, <PageDown>.

- A hyphen between two or more key names enclosed in angle brackets
denotes that you should simultaneously press the named keys—for
example, <Control-Alt-Delete>.

<Control> Key names are capitalized.

» The » symbol leads you through nested menu items and dialog box
options to a final action. The sequence
File»xPage Setup»Options»Substitute Fontdirects you to pull down
the File menu, select thBage Setupitem, selecOptions, and finally
select theSubstitute Fontsoption from the last dialog box.

paths Paths in this manual are denoted using backslashes (\) to separate drive
names, directories, and files, as in
C:\dirlname\dir2name\filename

Ny This icon to the left of bold italicized text denotes a note, which alerts
you to important information.

The Glossarylists abbreviations, acronyms, metric prefixes,
mnemonics, symbols, and terms.
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Related Documentation

The following documents contain information that you may find helpful
as you read this manual:

LabVIEW User Manual

LabVIEW Tutorial

BridgeVIEW User Manual

G Programming Reference Manual

Customer Communication

National Instruments wants to receive your comments on our products
and manuals. We are interested in the applications you develop with our
products, and we want to help if you have problems with them. To make
it easy for you to contact us, this manual contains comment and
configuration forms for you to complete. These forms are in

Appendix A, Customer Communicatio@at the end of this manual.

IMAQ Vision for G Reference Manual
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Algorithms and Principles
of Image Files and Data
Structures

Chapter|

L

This chapter describes the algorithms and principles of image files and
data structures.

Introduction to Digital Images

An imageis a function of the light intensity

f(x, y)

where fis the brightness of the point,(y), andx andy represent the
spatial coordinates of @icture elemenfabbreviatedixel).

By default the spatial reference of the pixel with the coordinates (0, 0)
is located at the upper-left corner of the image.

In digital image processingan acquisition device converts an image
into a discrete number of pixels. This device assigns a numeric location
andgray-levelvalue which specifies the brightness of pixels.

Properties of a Digitized Image

A digitized image has three basic propertiesage resolutionimage
definition, andnumber of planes

Image Resolution

The spatial resolutiorof an image is its number of rows and columns
of pixels. An image composed wfrows anch columns has a resolution
of mn This image haa pixels along its horizontal axis amupixels
along its vertical axis.
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Image Definition

Number of Planes

The definition of an image, also callpikel depthindicates the number
of colors or shades that you can see in the image. Pixel depth is the
number of bits used to code the intensity of a pixel. For a given
definition of n, a pixel can take"Aifferent values. For example,rif
equals 8-bits, a pixel can take 256 different values ranging from

0 to 255. Ifn equals 16 bits, a pixel can take 65,536 different values
ranging from 0 to 65,535 or —32,768 to 32,767.

The number of planes in an image is the number of arrays of pixels that
compose the image. A gray-level or pseudo-color image is composed of
one plane, while a true-color image is composed of three planes (one for
the red component, one for the blue, and one for the green), as shown in
the following figure.

calar

to monitor

gray lewvel

CLUT
or Palette

In gray-level images, the red, green, and blue intensiR&H of a

pixel combine to produce a single value. This single value is converted
back to an RGB intensity when displayed on a monitor. This conversion
is performed by &olor lookup tablg(CLUT) transformation.

In three-plane or true color images, the red, green, and blue intensities
of a pixel are coded into three different values. The image is the
combination of three arrays of pixels corresponding to the red, green,
and blue components.
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Image Types and Formats

The IMAQ Vision libraries can manipulate three types of images:
gray-leve| color, andcompleximages.

Gray-Level Images

Gray-level images are composed of a single plane of pixels. Standard
gray-level formats are 8-bRICT (Macintosh only)BMP (PC only),

TIFF, RASTRandAIPD. Standard 16-bit gray-level formats are TIFF
and AIPD. AIPD is an internal file format that offers the advantage of
storing the spatial calibration of an image. Gray-level images that use
other formats and have a pixel depth of 8-bit, 16-bit or 32-bit can be
imported into the IMAQ Vision libraries.

Color Images

Color images are composed of three planes of pixels in which each pixel
has a red, green, and blue intensity, each coded on 8-bit planes. Color
images coded using tiRGB-chunkytandard contain an extra 8-bit
plane, called thalpha channelThese images have a definition of

32-bit or 4 x 8-bit. Standard color formats are PICT, BMP, TIFF and
AIPD.

Complex Images

Complex images are composed of complex data in which pixel values
have a real part and an imaginary part. Such images are derived from
the Fast Fourier Transfornof gray-level images. Four representations
of a complex image can be given: tieal part, imaginary part,
magnitude, and phase.

The following table shows how many bytes are used per pixel in gray-
level, color, and complex images. For an identical spatial resolution, a
color image occupies four times the memory space used by an 8-bit
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gray-level image and a complex image occupies eight times this

amount.

Image
Type

Number of Bytes Per Pixel Data

8-bit
(Unsigned
Integer
Gray-Level

(1 byte or
8-bit)

8-bit for the gray-level intensity

16-bit
(Signed)
Integer
Gray-Level

(2 bytes or
16-bit)

16-bit for the gray-level intensity

32-bit
Floating-
Point
Gray-Level

(4 bytes or
32-hit)

32-bit floating for the gray-level intensity

Color

(3 bytes or
24-hit)

8-bit for the
red intensity

8-bit for the
green intensity

8-bit for the alpha
value (not used)

8-bit for the
blue intensity

Complex

(8 bytes or
64-bit)

32-bit floating for the real part

32-bit floating for the imaginary part

IMAQ Vision for G Reference Manual 1-4
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An image fileis composed of a header followed by pixel values.
Depending on the file format, the header contains information such
as the image horizontal and vertical resolution, its pixel definition, the
physical calibration, and the original palette.

nearer | RS

pixel data

Processing Color Images

Most image-processing and analysis functions apply to 8-bit images.
However, you also can process color images by manipulating their color
components individually.

You can break down a color image into various sets of primary
components such as RGB (red, green, and bH®),(hue, saturation,

and lightness), oSV (hue, saturation, and value). Each component
becomes an 8-bit image and can be processed as any gray-level image.
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You can reassemble a color image later from a set of three 8-bit images
taking the place of its RGB, HSL, or HSV components.

color image

[z

Red

Green

Elu

Hue

calor image

Saturation 8-bit image processing

b

Lightness

Hug

Saturation

Yalue

Image Pixel Frame

As introduced earlier, a digital image is a two-dimensional array of
pixel values. Using this definition, you might assume that pixels are
arranged in a regular rectangular frame. However from an image
processing point of view you can consider another grid arrangement,
such as a hexagonal pixel frame which offers the advantage that the six
neighbors of a pixel are equidistant.

The pixels in an image are arranged in a rectangular grid. However,
some image processing algorithms can reproduce a hexagonal
neighborhood using the representations illustrated in the following
table. The pixels considered as neighbors of the given pixel (shown in
solid) are indicated by the shaded pattern.
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Pixel Frame Neighborhood Size
Rectangular 3x3 5x5 7x7
HEHHE
E H
FEHHIE
Hexagonal 5x3 7x5

Rectangular Frame
Each pixel is surrounded by eight neighbors.

Wed| d |v2d
d d
~2d| d |+2d

Figure 1-1. Rectangular Frame

If d is the distance from the vertical and horizontal neighbors to the
central pixel, then the diagonal neighbors are at a distangedof from

the central pixel.
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Hexagonal Frame

Each pixel is surrounded by six neighbors. Each neighbor is found at an
equal distance from the central pixel.

Figure 1-2. Hexagonal Frame

This notion of pixel frame is important for a category of image
processing functions callettighborhood operationg hese functions
alter the value of pixels depending on the intensity values of their
neighbors. They includgpatial filters which alter the intensity of a
pixel with respect to variations in intensities of neighboring pixels, and
morphological transformationsvhich extract and alter the structure of
objects in an image.
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Palettes

L

This chapter describes the tools and utilities used in IMAQ Vision.

At the time an image is displayed on the screen, the value of each pixel
is converted into a red, green, and blue intensity which produces a color.
This conversion is defined in a table called color lookup table (CLUT).
For 8-bit images, it associates a color to each gray-level value and
produces a gradation of colors, calledadette

With palettes, you can produce different visual representations of an
image without altering the pixel data. Palettes can generate effects such
as a photonegative display or color-coded displays. In the latter case,
palettes are useful for detailing particular image constituents in which
the total number of colors are limited.

Displaying images in different palettes helps emphasize regions with
particular intensities, identify smooth or abrupt gray-level variations,
and convey details that might be lost in a gray-scale image.

In the case of 8-bit resolution, pixels can takR®2256 values ranging

from 0 to 255. A black and white palette associates different shades of
gray to each value so as to produce a linear and continuous gradation of
gray, from black to white. At this point, the palette can be set up to
assign the color black to the value 0 and white to 255, or vice versa.
Other palettes can reflect linear or nonlinear gradations going from red
to blue, light brown to dark brown, and so forth.

The gray-level value of a pixel acts as an address that is indexed into
three tables, with three values corresponding to a red, green, and blue
(RGB) intensity. This set of three conversion tables defines a palette in
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which varying amounts of red, green, and blue are mixed to produce a
color representation of the value range [0, 255].

Ai] Fg) L=y

Calor Lowkup Table

Five pseudo-color palettes are predefined in the programs and libraries.
Each palette emphasizes different shades of gray. However, they all use
the following conventions:

e Gray level 0 is assigned to black.
* Gray level 255 is assigned to white.

Because of these conventions, you can associate bright areas to the
presence of pixels with high gray-level values, and dark areas to the
presence of pixels with low gray-level values.

The following sections introduce the five predefined palettes. The
graphs in each section represent the three RGB lookup tables used by
each palette. The horizontal axes of the graphs represent the input
gray-level range [0, 255], while the vertical axes give the RGB
intensities assigned to a given gray-level value.

B&W (Gray) Palette

This palette has a gradual gray-level variation from black to white. Each
value is assigned to an equal amount of the RGB intensities.

Fed

Graen

Blue

0 255
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Temperature Palette

This palette has a gradation from light brown to dark brown. 0 is black
and 255 is white.

Fed

Green

Blue

=

125 255

Rainhow Palette

This palette has a gradation from blue to red with a prominent range of
greens in the middle value range. 0 is black and 255 is white.

Fed /
e / %}
Blue

0oed 125 192 255

Gradient Palette

This palette has a gradation from red to white with a prominent range
of light blue in the upper value range. 0 is black and 255 is white.

Fed
Blue %
0 128 192 255
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Binary Palette

This palette has 16 cycles of 16 different colevhere gis the
gray-level value and

g =0 corresponds tR=0,G
g=1corresponds tB=1,G
g =2 corresponds tB=0,G
and so forth.

0, which appears black;
0,which appears red;
0 which appears green;

0,B
0,B
1,B

3

Fed

Green

Blue

[ 1]
1

G

This periodic palette is appropriate for the display of binary and labeled
images.

Image Histogram

Thehistogramof an image indicates the quantitative distribution of
pixels per gray-level value. It provides a general description of the
appearance of an image and helps identify various components such as
the background, objects, and noise.

Definition
The histogram is the functidd defined on the gray-scale range
[0, ..., k, ..., 255] such that the number of pixels equal to the gray-level
valuek is
H(K) = n,
where kis the gray-level value,

n, is the number of pixels in an image with a gray-level value eqkal to

and) n, =nis the total number of pixels in an image.
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The following histogram plot reveals which gray levels occur
frequently and which occur rarely.

fiy,

299
&

Gray scale range

Two types of histograms can be plotted per image: the linear and
cumulative histograms.

In both cases, the horizontal axis represents the gray-level range from
0 to 255. For a gray-level vallke the vertical axis of the linear
histogram indicates the number of pixajsset to the valug, and the
vertical axis of the cumulative histogram indicates the percentage of
pixels set to a value less than or equék.to

Linear Histogram
Thedensity functions

Hiineadk) = Ny
whereH | jnea(K) is the number of pixels equal ko
The probability functionis

Plinearl(K) = N /n

whereP;..a(K) is the probability that a pixel is equalko

IAh 4

Figure 2-1. Linear Vertical Scale
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Cumulative Histogram
The distribution function is

k
HCumu(k): % Ny

whereHc,u(K) is the number of pixels that are less than or equlal to

The probability function is

k N
PCumu(k) = %_n‘

whereP¢,,,(K) is the probability that a pixel is less than or equ#. to

Hournad )

Figure 2-2. Linear Cumulative Scale

Interpretation

The gray-level intervals with a concentrated set of pixels reveal the
presence of significant components in the image and their respective
intensity ranges.

In the previous example, the linear histogram reveals that the image is
composed of three major elements. The cumulative histogram shows
that the two left-most peaks compose approximately 80 percent of the
image, while the remaining 20 percent corresponds to the third peak.

Histogram of Color Images

The histogram of a color image is expressed as a series of three tables
corresponding to the histograms of the three primary components
(R, G, andB; H, S, andL; orH, S, andV).
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Histogram Scale

The vertical axis of a histogram plot can be shown in a linear or
logarithmic scale. A logarithmic scale lets you visualize gray-level
values used by small numbers of pixels. These values might appear
unused when the histogram is displayed in a linear scale.

In the case of a logarithmic scale, the vertical axis of the histogram
gives the logarithm of the number of pixels per gray-level value. The
use of minor gray-level values is made more prominent at the expense
of the dominant gray-level values.

The following two figures illustrate the difference between the display
of the histogram of the same image in a linear and logarithmic scale. In
this particular image, three pixels are equal to 0. This information is
unobservable in the linear representation of the histogram but evident
in the logarithmic representation.

Ak

Figure 2-3. Linear Vertical Scale

i

fiy,

Figure 2-4. Logarithmic Vertical Scale

Line Profile

A line profile plots the variations of intensity along a line. This utility
is helpful for examining boundaries between components, quantifying
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the magnitude of intensity variations, and detecting the presence of
repetitive patterns. The following figure illustrates a line profile.

Intensity MMax

Intensity Min

Starting point Ending Point

The peaks and valleys reveal increases and decreases of the light
intensity along the line selected in the image. Their width and
magnitude are proportional to the size and intensity of their related
regions.

For example, a bright object with uniform intensity appears in the plot
as a plateau. The higher the contrast between an object and its
surrounding background, the steeper the slopes of the plateau. Noisy
pixels, on the other hand, produce a series of narrow peaks.

3D View

The 3D viewillustrated in the following graphic displays a
three-dimensional perspective of the light intensity in an image. It gives
a relief map of the image in which high-intensity values are associated
to summits and low-intensity values are associated to valleys.
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L

This chapter provides an overview of lookup table transformations.

About Lookup Table Transformations

Thelookup table(LUT) transformations are basic image-processing
functions that you can use to improve the contrast and brightness of an
image by modifying the intensity dynamic of regions with poor
contrast. The LUT transformations can highlight details in areas
containing significant information, at the expense of other areas. These
functions includénistogram equalizatiarhistogram inversionGamma
corrections Inverse Gamma correction®garithmic correctionsand
exponential corrections

An LUT transformation converts input gray-level values (those from
the source image) into other gray-level values (in the transformed
image). The transfer function has an intended effect on the brightness
and contrast of the image.

Each input gray-level value is given a new value such that
output value= F(input valug,

whereF is a linear or nonlinear, continuous or discontinuous transfer
function defined over the interval [0, max].
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In the case of an 8-bit resolution, an LUT is a table of 256 elements.
Each element of the array represents an input gray-level value. Its
content indicates the output value.

255
trput histogram output histogeam
H
—_— mg —_—
a Binput
0 5 141 255

Example

In this example, the following source image is used. In the histogram of
the source image, the gray-level intervals [0, 49] and [191, 255] do not
contain significant information.

130 233

Using the following LUT transformation, any pixel with a value less
than 49 is set to 0, and any pixel with a value greater than 191 is set to
255. The interval [50, 190] expands to [1, 255], increasing the intensity
dynamic of the regions with a concentration of pixels in the gray-level
range [50, 190].

If Gy iS between [0, 49] or [191,
253], 252+
then F(G,p,) = 0,
elseF(Gpy) = 1.8 XGypy — 91. 183
1261
631
o
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The LUT transform produces the following image. The histogram of the
new image only contains the two peaks of the interval [50, 190].

Predefined Lookup Tables

Eight predefined LUTs are available in IMAQ Vision: Reverse,
Equalize, Logarithmic, Power 1/Y, Square Root, Exponential, Power Y,

and Square.

The following table shows the transfer function for each LUT and
describes its effect on an image displayed in a palette that associates
dark colors to low intensity values and bright colors to high intensity

values (such as the B&W or Gray palette).

LUT

Transfer
Function

Shading Correction

Equalize

/

Increases the intensity dynamic hy

evenly distributing a given
gray-level interval [min, max] ove

the full gray scale [0, 255]. Min and

max default values are 0 and 255
an 8-bit image.

[

for

Reverse

Reverses the pixel values, produc
a photometric negative of the ima

ng
ge.

Logarithmic
Power 1/Y
Square Roo

—

Increases the brightness and contrast

in dark regions. Decrease the
contrast in bright regions.
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LUT Transfer Shading Correction
Function
Exponential Decreases the brightness and
Power Y increases the contrast in bright
Square regions. Decreases the contrast
in the dark regions.

Equalize

TheEqualize functioralters the gray-level value of pixels so they
become distributed evenly in the defined gray-scale range (0 to 255 for
an 8-bit image). The function associates an equal amount of pixels per
constant gray-level intervals and takes full advantage of the available
shades of gray. Use this transformation to increase the contrast of
images in which gray-level intervals are not used.

The equalization can be limited to a gray-level interval, also called the
equalization range. In this case, the function evenly distributes the
pixels belonging to the equalization range over the full interval

(0 to 255 for an 8-bit image) and the other pixels are setto 0. The image
produced reveals details in the regions that have an intensity in the
equalization range; other areas are cleared.

Example 1

This example shows how an equalization of the interval [0, 255] can
spread the information contained in the three original peaks over larger
intervals. The transformed image reveals more details about each
component in the original image. The following graphics show the
original image and histograms.

A .
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An equalization from [0, 255] to [0, 255] produces the following image
and histograms.

Note: The cumulative histogram of an image after a histogram equalization
always has a linear profile, as seen in the preceding example.

Example 2

This example shows how an equalization of the interval [166, 200] can
spread the information contained in the original third peak (ranging
from 166 to 200) to the interval [1, 255]. The transformed image reveals
details about the component with the original intensity range [166, 200]
while all other components are set to black. An equalization from [166,
200] to [0, 255] produces the following image and histograms.
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Reverse
The Reverse function displays the photometric negative of an image.
Goutput = Maximum- G, p——
For an 8-bit imageylaximum= 255. Therefore, _
Goutput = 255 _Ginput ]
0 correspondsto 255 .
1 corresponds to 254 0 ]
2 correspondsto 253 a R I.?éﬁ
128 correspondsto 128
253 correspondsto 2
254 correspondsto 1
255 correspondsto O

The histogram of a reversed image is equal to the histogram of the
original image after a vertical symmetry centered on the gray-level
value 128 (when processing an 8-bit image).

Example
This example uses the following original image and histogram.

A
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A Reverse transformation produces the following histogram and image.
™ 'i?"""
L NN

SRt
i | 4 JL

Logarithmic and Inverse Gamma Correction

Thelogarithmic and inverse gamma correctioggand low gray-level
ranges while compressing high gray-level ranges. When using the
B&W (or Gray) palette, these transformations increase the overall
brightness of an image and increase the contrast in dark areas at the
expense of the contrast in bright areas.

The following graphs show how the transformations behave. The
horizontal axis represents the input gray-level range and the vertical
axis represents the output gray-level range. Each input gray-level value
is plotted vertically, and its point of intersection with the lookup curve
is plotted horizontally to give an output value.

230 4

200 4

150

100 4

ral= = |

S0 4

u]

TheLogarithmig Square RogtandPower 1/Yfunctions expand
intervals containing low gray-level values while compressing intervals
containing high gray-level values.

The higher the gamma coefficievitthe stronger the intensity
correction. The.ogarithmic correction has a stronger effect than the
Power 1/Y function.
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The following series of illustrations presents the linear and cumulative
histograms of an image after various LUT transformations. The more
the histogram is compressed on the right, the brighter the image.

The following graphic shows the original image and histograms.

¥
A

A Power 1/Y transformationahere Y= 1.5) produces the following
image and histograms.

A Square Root or Power 1/Y transformatievhére Y= 2) produces the
following image and histograms.

IMAQ Vision for G Reference Manual 3-8 © MNational Instruments Corporation



Chapter 3 Lookup Transformations

A Logarithm transformation produces the following image and
histograms.

Exponential and Gamma Correction

Theexponential and gamma correctioespand high gray-level ranges
while compressing low gray-level ranges. When using the B&W (or
Gray) palette, these transformations decrease the overall brightness of
an image and increase the contrast in bright areas at the expense of the
contrast in dark areas.

The following graphs show how the transformations behave. The
horizontal axis represents the input gray-level range and the vertical
axis represents the output gray-level range. Each input gray-level value
is plotted vertically, and its point of intersection with the lookup curve
then is plotted horizontally to give an output value.

230 4

200 4

130 1

100

a0

u]

The Exponential Square andPower Yfunctions expand intervals
containing high gray-level values while compressing intervals
containing low gray-level values.

The higher the gamma coefficievitthe stronger the intensity
correction. The Exponential correction has a stronger effect than the
Power Y function.
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The following series of illustrations presents the linear and cumulative
histograms of an image after various LUT transformations. The more
the histogram is compressed on the left, the darker the image.

The following graphic shows the original image and histograms.

A Power Y transformatiorwhere Y= 1.5) produces the following
image and histograms.

A Square or Power Y transformatiomhl{ere Y= 2) produces the
following image and histograms.

IE
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An Exponential transformation produces the following image and
histograms.
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This chapter describes the arithmetic and logic operators used in IMAQ
Vision.

Concepts and Mathematics

Arithmetic and logicoperatorsmask, combine, and compare images.
Common applications of these operators include time-lapse
comparisons, identification of the union or intersection between
images, and comparisons between several images and a model.
Operators also can be usedhoesholdor maskimages and to alter
contrast and brightness.

An arithmetic or logic operation between images is a pixel-by-pixel
transformation. It produces an image in which each pixel derives from
the values of pixels with the same coordinates in other images.

If Ais an image with a resolutiofY, B is an image with a resolution
XY, andOp is the operator,

thenthe imageN resulting from the combination éfandB through the
operatorOp is such that each pix& of N is assigned the value

Pn = (P2)(OP)(Py),

wherep, is the value of pixeP in imageA, andp, is the value of pixel

P in imageB.
2 Oy =

= ip)
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Arithmetic Operators

In the case of images with 8-bit resolution, the following equations
describe the usage of theithmetic operators

Operator Equation
Multiply P, = Min(p, X py, 255)
Divide P, = Max/p,, 0)

Add Py = Min(, + py, 255)
Subtract P, = maxg, —p,, 0)
Remainder Pn = pamodp,

If the resulting pixel valu@, is negative, it is set to 0. If it is greater
than 255, it is set to 255.

Logic Operators

Logic operatorsare bit-wise operators. They manipulate gray-level
values coded on one byte at the bit level. Trhéh tablesfor logic
operators are presented in fheith Tablessection.

Operator Equation
AND Pn =P, AND py,
NAND Pn = P2 NAND p,
OR Pn = Pa ORPy,
NOR Pn = P2 NORp,
XOR Pn = Pa XORp,
Difference P, =P, AND (NOT p,)

IMAQ Vision for G Reference Manual 4-2 © MNational Instruments Corporation



Chapter 4 Operators

Operator Equation
thenp, =0,
elsep, =p,
Mean p, = meanp,, p,]
Max pn = maxba, pb]
Min p, = minfp,, pyl

In the case of images with 8-bit resolution, logic operators mainly are
designed to combine gray-level images with mask images composed of
pixels equal to 0 or 255 (in binary format O is represented as 00000000
and 255 is represented as 11111111).

The following table illustrates how logic operations can be used to
extract or remove information in an image.

For a givenp,, if Pp = 255,then if Py = 0,then
(AND) p, AND 255 =p, p,AND 0 = 0
(NAND) p. NAND 255 = NOTp,| p, NAND 0 = 255
(OR) p, OR 255 = 255 p, OR 0 =p,
(NOR) p, NOR 255 =0 p, NOR 0 = NOTp,
(XOR) p, XOR 255 = NOTp, | p,XOR 0 =p,
(Logic Difference) p,— NOT 255 mp, p,—NOTO0=0
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Truth Tables

The following truth tables describe the rules used by the logic operators.
The top row and left column give the values of input bits. The cells in
the table give the output value for a given set of two input bits.

AND NAND
b=0b=1 b=0b=1
a=01] 0 0 a=0] 1 1
a=1] g 1 a=1| 1 0
OR NOR
b=0b=1 b=0b=1
a=01] 0 1 a=01] 1 0
a=1] 1| 1 a=1| 0| O
XOR NOT
b=0b=1 NOT a
a=0] 0 1 a=0 1
a=1] 1 0 a=1 0
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Example 1

The following series of graphics illustrates images in which regions of
interest have been isolated in a binary format, retouched with
morphological manipulations, and finally multiplied by 255. The
following gray-level source image is used for this example.

The operationgource imagéAND mask imagghas the effect of
restoring the original intensity of the object regions in the mask.
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The operationgource imag®©Rmask imagghas the effect of restoring
the original intensity of the background region in the mask.

Example 2

An image revealing two groups of objects that require different
processing results in two binary images. Multiplying each binary image
by a constant and applying an OR operation produces an image that
shows their union, as illustrated in the following series of graphics. The
following image illustrate®©bject Group #1x 128.

The following image illustrate®bject Group #2x 255.
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Object Group #10OR Object Group #2roduces a union, as shown in
the following image.
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This chapter provides an overview of the spatial filters, including linear
and nonlinear filters, used in IMAQ Vision.

Concept and Mathematics

Spatial filtersalter pixel values with respect to variations in light
intensity in their neighborhood. The neighborhood of a pixel is defined
by the size of a matrix, or mask, centered on the pixel itself. These
filters can be sensitive to the presence or absence of light intensity
variations. Spatial filters can serve a variety of purposes, such as the
detection of edges along a specific direction, the contouring of patterns,
noise reduction, and detail outlining or smoothing.

Spatial filters can be divided into two categories:

» Highpass filtereemphasize significant variations of the light
intensity usually found at the boundary of objects.

* Lowpass filteraattenuate variations of the light intensity. They
have the tendency to smooth images by eliminating details and
blurring edges.

In the case of a 3 x 3 matrix as illustrated in the following illustration,
the value of the central pixel (shown in solid) derives from the values
of its eight surrounding neighbors (shown in shaded pattern).

rmask
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A 5 x 5 matrix specifies 24 neighbors, a 7 x 7 matrix specifies
48 neighbors, and so forth.

rmask <

image

filtering
function

b
L

B central pixel
B neighbors

If P, ; represents the intensity of the pixeWwith the coordinates (j),
the pixels surrounding ; can be indexed as follows (in the case of a

3 x 3 matrix):
P(i—l,j—l) F)(i,j—l) P(i+lyJ—1)
Pi-1j) Pa.i Pi+ 1)
P(i—l,j+1) F>(i,j+1) I:)(i+1,J'+1)

A linear filter assigns td ;) a value that is a linear combination of its
surrounding values. For example,

Pi = P -t Pioaj + 2P+ Piaay +Pgie)

A nonlinear filterassigns t®; ; a value that is not a linear combination
of the surrounding values. For example,

Pijy = Max®;_1j-1y Pi+1j-1p Pi—1j+ 1y Piswj+1)-
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Spatial Filter Classification Summary

The following table describes the classification of spatial filters.

Highpass Filters Lowpass Filters
Linear Filters Gradient, Smoothing,
Laplacian Gaussian
Nonlinear Filters Gradient, Roberts, Sobel, Prewit Median, Nth Order,
Differentiation, Sigma Lowpass

Linear Filters or Convolution Filters

A convolutionis a mathematical function that replaces each pixel by a
weighted sum of its neighbors. The matrix defining the neighborhood
of the pixel also specifies the weight assigned to each neighbor. This
matrix is called theonvolution kernel

For each pixeP; ;, in an imageWherei andj represent the coordinates
of the pixel), the convolution kernel is centeredRyr,. Each pixel
masked by the kernel is multiplied by the coefficient placed on top of
it. P; ;) becomes the sum of these products.

In the case of a 3 x 3 neighborhood, the pixels surrourijingand the
coefficients of the kernek, can be indexed as follows:

Pi-1i-1 Pai-1) Pi+1i-1) Ki-1j-1) Kii-1 Kiv1j-1)
P -1 Pa.i P+ 1) K- 1) K i) K+ 1)
P(i -1j+1) P(i,j +1) P(I +1,j+1) K(I —-1j+1) K(i,j +1) K(I +1,j+1)

The pixelP; ;, is given the valuél/N)Z K, P, 1), With a ranging from
(i—1)to(i + 1), andb ranging from(— 1) to { + 1).N is the
normalization factarequal tox K , , or 1, whichever is greater.

Finally, if the new valu®; ;, is negative, it is set to 0. If the new value
P.j Is greater than 255, it is set to 255 (in the case of 8-bit resolution).

The greater the absolute value of a coeffickegt,, the more the pixel
P, contributes to the new value Bf . If a coefficien K, , is null,
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the neighboP, ,, does not contribute to the new valueRyf, (notice
thatP, ,y might beP ; itself).

If the convolution kernel is

0 0O
-2 1 2
0 0O

then
Pa = G2 -1jy tPajyt 2P )

If the convolution kernel is

or o
R OoOR
or o

then
Py = (Pej—1 T Pi—vpt Pisayy ¥ Pije)-

If the kernel contains both negative and positive coefficients, the
transfer function is equivalent to a weighted differentiation, and
produces a sharpening or highpass filter. Typical highpass filters
include gradient and Laplacian filters.

If all coefficients in the kernel are positive, the transfer function is
equivalent to a weighted summation and produces a smoothing or
lowpass filter. Typical lowpass filters include smoothing and Gaussian
filters.

Gradient Filter

A gradient filter highlights the variations of light intensity along a
specific direction, which has the effect of outlining edges and revealing
texture.
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Example
This example uses the following source image.

A gradient filter extracts horizontal edges to produce the following
image.

A gradient filter highlights diagonal edges to produce the following
image.

Kernel Definition
A gradient convolution filteis a first order derivative and its kernel
uses the following model:

a-b c¢
b x-d
c d-a
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wherea, b, andc are integers ahx =0 or 1.

This kernel has an axis of symmetry that runs between the positive and
negative coefficients of the kernel and through the central element. This
axis of symmetry gives the orientation of the edges to outline.

Filter Axis and Direction

The axis of symmetry of the gradient kernel gives the orientation of the
edges to outline. For example,

wherea=0,b=-1,c=-1,d=-1, anck =0, the kernel is the following:

0 11
-1 0 1
-1-1 0

The axis of symmetry is at 135 degrees.

For a given direction, you can design a gradient filter to highlight or
darken the edges along that direction. The filter actually is sensitive to
the variations of intensity perpendicular to the axis of symmetry of its
kernel. Given the directiob going from the negative coefficients of the
kernel towards the positive coefficients, the filter highlights the pixels
where the light intensity increases along the diredilipand darkens

the pixels where the light intensity decreases.
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The following two kernels emphasize edges oriented at 135 degrees.

Chapter 5 Spatial Filtering

Gradient #1 Gradient #2
0-1-1 0 1 1
1 0-1 -1 0 1
1 1 0 -1-1 0

Gradient #1 highlights pixels where the ligh
intensity increases along the direction going
from northeast to southwest. It darkens pixe
where the light intensity decreases along th
same direction. This processing outlines thg
northeast front edges of bright regions such
the ones in the illustration.

Gradient #2 highlights pixels where the light
intensity increases along the direction going
from southwest to northeast. It darkens pixels
where the light intensity decreases along that
same direction. This processing outlines the
southwest front edges of bright regions such as
the ones in the illustration.

Note:

Applying Gradient #1 to an image gives the same results as applying
Gradient #2 to its photometric negative, because reversing the lookup table

of an image converts bright regions into dark regions and vice versa.

Edge Extraction and Edge Highlighting

The gradient filter has two effects, depending on whether the central

coefficientx is equal to 1 or O:

« If the central coefficient is nulk(= 0), the gradient filter highlights

the pixels where variations of light intensity occur along a direction

specified by the configuration of the coefficieatd, ¢, andd.
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The transformed image contains black-white borders at the original
edges and the shades of the overall patterns are darkened.

Source Image Gradient #1 Filtered Image

-1-1 0
-1 0 1
011

» If the central coefficient is equal to & € 1), the gradient filter
detects the same variations as mentioned above, but superimposes
them over the source image. The transformed image looks like the
source image with edges highlighted. You can use this type of
kernel for grain extraction and perception of texture.

Source Image Gradient #2 Filtered Image

110
-1 11
011

Notice that the kernel Gradient #2 can be decomposed as follows:

-1-1 0 -1-1 0 0 0O
-1 11 = -1 01 + 010
0 11 0 11 0 0O
Note: The convolution filter using the second kernel on the right side of the

equation reproduces the source image. All neighboring pixels are
multiplied by 0 and the central pixel remains equal to itself:
(P =1xRiy)-
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This equation indicates that Gradient #2 adds the edges extracted by the
Gradient #1 to the source image.

Gradient #2 = Gradient #1 + Source Image

Edge Thickness

The larger the kernel, the larger the edges. The following image
illustrates gradient west—east 3 x 3.

o T

Finally, the following image illustrates gradient west—east 7 x 7.
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Predefined Gradient Kernels
The tables in this section list the predefined gradient kernels.

Prewitt Filters

ThePrewitt filtershave the following kernels. The notations West (W),
South (S), East (E), and North (N) indicate which edges of bright
regions they outline.

Table 5-1. Prewitt Filters

W/Edge W/lmage SWI/Edge SW/Image
-1 0 1 -1 0 1 011 0 11
-1 0 1 -1 1 1 -1 0 1 -1 1 1
-1 0 1 -1 0 1 -1-1 0 -1-1 0
S/Edge S/image SE/Edge SE/Image
1 11 111 1 10 110
0 0O 010 1 0-1 1 1-1
-1-1-1 -1-1-1 0-1-1 0-1-1
E/Edge E/Image NE/Edge NE/Image
1 0-1 1 0-1 0-1-1 0-1-1
1 0-1 1 1-1 1 0-1 1 1-1
1 0-1 1 0-1 110 110
N/Edge N/Image NW/Edge NW/Image
-1-1-1 -1-1-1 -1-1 0 -1-1 0
0 0O 010 -1 0 1 -1 11
1 11 111 011 0 11
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Sobel Filters

The Sobel filtersare very similar to the Prewitt filters except that they
highlight light intensity variations along a particular axis that is
assigned a stronger weight. The Sobel filters have the following
kernels. The notations West (W), South (S), East (E), and North (N)
indicate which edges of bright regions they outline.

Table 5-2. Sobel Filters

W/Edge W/Image SW/Edge SW/lImage
-1 0 1 -1 0 1 01 2 01 2
-2 0 2 -2 1 2 -1 0 1 -1 1 1
-1 0 1 -1 0 1 -2-1 0 -2-1 0
S/Edge S/Image SE/Edge SE/Image
1 21 1 21 210 210
0 0O 010 1 0-1 1 1-1
-1 -2 -1 -1 -2 -1 0-1-2 0-1-2
E/Edge E/lmage NE/Edge NE/Image
1 0-1 1 0-1 0-1-2 0-1-2
2 0-2 2 1-2 1 0-1 1 1-1
1 0-1 1 0-1 210 210
N/Edge N/Image NW/Edge NW/Image
-1-2-1 -1 -2 -1 -2-1 0 -2-1 0
0 0O 010 -1 0 1 -1 1 1
1 21 1 21 0 1 2 01 2
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The following tables list the predefined gradient 5 x 5 and 7 x 7 kernels.

Table 5-3. Gradient5 x5

WI/Edge W/Image
0-1 010 0-1 010
-1-2 0 2 1 -1-2 0 2 1
-1-2 0 2 1 -1-2 1 2 1
-1-2 0 2 1 -1-2 0 2 1
0-1 010 0-1 010

Table 5-4. Gradient7 x 7

WI/Edge W/Image
0-1-1 01 10 0-1-1 01 10
-1-2-2 0 2 2 1 -1-2-2 0 2 2 1
-1-2-3 0 3 21 -1-2-3 0 3 21
-1-2-3 0 3 21 -1-2-3 13 2 1
-1-2-3 0 3 21 -1-2-3 0 3 21
-1-2-3 0 3 21 -1-2-3 0 3 21
0-1-1 0110 0-1-1 0110

Laplacian Filters

A Laplacian filterhighlights the variation of the light intensity
surrounding a pixel. The filter extracts the contour of objects and
outlines details. Unlike the gradient filter, it is omni-directional.

Example

This example uses the following source image.
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A Laplacian filter extracts contours to produce the following image.

A Laplacian filter highlights contours to produce the following image.

Kernel Definition

TheLaplacian convolution filteis a second order derivative and its
kernel uses the following model:

O T
o X o
D T O

wherea, b, ¢, andd are integers.

The Laplacian filter has two different effects, depending on whether the
central coefficiehx is equal to or greater than the sum of the absolute
values of the outer coefficients:

x=2(Jal +|b +]d +]d|) .
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Spatial Filtering

Contour Extraction and Highlighting

If the central coefficient is equal to this sum= 2(|a + |b| +|d +|d)) ,
the Laplacian filter extracts the pixels where significant variations of
light intensity are found. The presence of sharp edges, boundaries
between objects, modification in the texture of a background, noise, and
other effects can cause these variations. The transformed image
contains white contours on a black background.

Examples

Notice the following source image, Laplacian kernel, and filtered
image.

Source Image Laplacian #1 Filtered Image

-1-1-1
-1 8-1
-1-1-1

If the central coefficient is greater than the sum of the outer coefficients
(x>2@+b+c+d)), the Laplacian filter detects the same variations as
mentioned above, but superimposes them over the source image. The
transformed image looks like the source image, with all significant
variations of the light intensity highlighted.

Source Image Laplacian #2 Filtered Image

-1-1-1
-1 9-1
-1-1-1
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Notice that the Laplacian #2 kernel can be decomposed as follows:

-1-1-1 1-1-1 0 0O
1 9-1 = 1 8-1 + 010
0 1-1 1 1-1 0 0O
Note: The convolution filter using the second kernel on the right side of the

equation reproduces the source image. All neighboring pixels are
multiplied by 0 and the central pixel remains equal to itself:
(P =1 %P p)-

This equation indicates that the Laplacian #2 kernel adds the contours
extracted by the Laplacian #1 kernel to the source image.

Laplacian #1 = Laplacian #2 + Source Image

For example, if the central coefficient of Laplacian #2 kernel is 10, the
Laplacian filter adds the contours extracted by Laplacian #1 kernel to
the source image times 2, and so forth. A greater central coefficient
corresponds to less-prominent contours and details highlighted by the
filter.

Contour Thickness

Larger kernels correspond to larger contours. The following image is a
Laplacian 3 x 3.
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The following image is a Laplacian 7 x 7.

Predefined Laplacian Kernels

The following tables list the predefined Laplacian kernels.

Contour 4

Contour 12
-1 -2 -1

-2 12 -2
-1-2 -1

IMAQ Vision for G Reference Manual

Table 5-5. Laplacian 3 x 3

+ Image x 1 + Image x 2
0-1 0 0-1 0
-1 5-1 -1 6 -1
0-1 0 0-1 0

+ Image x 1 + Image x 2
-1-1-1 -1-1-1
-1 9-1 -110 -1
-1-1-1 -1-1-1

+ Image x 1
-1-2-1
-2 13 -2
-1-2-1

5-16
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Table 5-6. Laplacian5 x5

Contour 24 + Image x 1
-1-1-1-1-1 -1-1-1-1-1
-1-1-1-1-1 -1-1-1-1-1
-1-124-1-1 -1-125-1-1
-1-1-1-1-1 -1-1-1-1-1
-1-1-1-1-1 -1-1-1-1-1

Table 5-7. Laplacian 7 x 7

Contour 48 + Image x 1
-1-1-1-1-1-1-1 -1-1-1-1-1-1-1
-1-1-1-1-1-1-1 -1-1-1-1-1-1-1
-1-1-1-1-1-1-1 -1-1-1-1-1-1-1
-1-1-148 -1-1 -1 -1-1-149 -1-1 -1
-1-1-1-1-1-1-1 -1-1-1-1-1-1-1
-1-1-1-1-1-1-1 -1-1-1-1-1-1-1
-1-1-1-1-1-1-1 -1-1-1-1-1-1-1

Smoothing Filter

A smoothing filterattenuates the variations of light intensity in the
neighborhood of a pixel. It smoothes the overall shape of objects, blurs
edges, and removes details.

Example
This example uses the following source image.
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A smoothing filter produces the following image.

T m—"

Qi

Kernel Definition

A smoothing convolution filteis an averaging filter and its kernel uses
the following model:

o oTo
o X o
QT O

wherea, b, ¢, andd are integers and= 0 or 1.

Because all the coefficients in a smoothing kernel are positive, each
central pixel becomes a weighted average of its neighbors. The stronger
the weight of a neighboring pixel, the more influence it has on the new
value of the central pixel.

For a given set of coefficients,(b, c, d), a smoothing kernel with a
central coefficient equal to & € 0) has a stronger blurring effect than
a smoothing kernel with a central coefficient equal {a % 1).

Examples

Notice the following smoothing kernels and filtered images. A larger
kernel size corresponds to a stronger smoothing effect.

Kernel #1 Filtered Image
0 10 ;
101
0 10
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Kernel #2 Filtered Image
r-lr-: TR
2 2 2
2 1 2
2 2 2
Kernel #3 Filtered Image
r'“' T
11111
11111
11111
11111
1 11 11
Kernel #4 Filtered Image
1111111 re™ ™
1111111 '
1111111
1111111
1111111
1111111
1111111

Predefined Smoothing Kernels
The following tables list the predefined smoothing kernels.

© National Instruments Corporation

PR ER OFRO

RPORr RPROPR

PR ER ORFRO

Table 5-8. Smoothing 3 x 3

1

PR R OFRO
P RRER R

5-19

0

PR E OPRF

0

NNN ON

NEN NDNEFEDN
NDNMNN ONO
NE DN AN RN

N DN D o h~O
N AN D o MO

IMAQ Vision for G Reference Manual



Chapter 5 Spatial Filtering

Table 5-9. Smoothing 5 x 5

11111 11111
11111 11111
11 011 11111
11111 11111
11111 11111
Table 5-10. Smoothing 7 x 7
1111111 1111111
1111111 1111111
1111111 1111111
1110111 1111111
1111111 1111111
1111111 1111111
1111111 1111111

Gaussian Filters

A Gaussian filterattenuates the variations of light intensity in the
neighborhood of a pixel. It smoothes the overall shape of objects and
attenuates details. It is similar to a smoothing filter, but its blurring
effect is more subdued.

Example
This example uses the following source image.
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A Gaussian filter produces the following image.

Kernel Definition

A Gaussian convolution filteis an averaging filter and its kernel uses
the following model:

O T
o X o
QT O

wherea, b, ¢, andd are integers anxl> 1.

Since all the coefficients in a Gaussian kernel are positive, each pixel

becomes a weighted average of its neighbors. The stronger the weight
of a neighboring pixel, the more influence it has on the new value of the
central pixel.

Unlike a smoothing kernel, the central coefficient of a Gaussian filter is
greater than 1. Therefore the original value of a pixel is multiplied by a
weight greater than the weight of any of its neighbors. As a result, a
greater central coefficient corresponds to a more subtle smoothing
effect. A larger kernel size corresponds to a stronger smoothing effect.

Predefined Gaussian Kernels
The following tables list the predefined Gaussian kernels.

Table 5-11. Gaussian 3 x 3

010 010 111
1 21 1 41 1 21
010 010 111
111 1 21 1 41
1 41 2 4 2 416 4
111 1 2 1 1 41
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Table 5-12. Gaussian 5 x5

1 2 4 2 1
2 4 8 4 2
4 816 8 4
2 4 8 4 2
1 2 4 2 1

Table 5-13. Gaussian7 x7

P FPDNNDNPRE

P NNBAEDNDNPEP
NNBAORANMNDN
N-bwoi_;m-hl\)
NNProoRADNDN
P NNIMANDNPE
PEPNNNPRE PR

Nonlinear Filters

A nonlinear filterreplaces each pixel value with a nonlinear function of
its surrounding pixels. Like the convolution filters, the nonlinear filters
operate on a neighborhood. The following notations describe the
behavior of the nonlinear spatial filters.

If P, ; represents the intensity of the pi¥eWwith the coordinates (j),
the pixels surrounding ; can be indexed as follows (in the case of a

3 x 3 matrix):
Pi-1i-1 Pai-1) Pi+1i-1)
Pai- 1) Pa.i) P+ 1)
I:’(i —-1,j+1) I:’(i,j +1) P(i +1,j+1)

In the case of a 5 x 5 neighborhood, ttandj indexes vary from
-2 to 2, and so forth. The series of pixels includig, and its
surrounding pixels is annotated RBg .
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Nonlinear Prewitt Filter

Thenonlinear Prewitt filteris a highpass filter that extracts the outer
contours of objects. It highlights significant variations of the light
intensity along the vertical and horizontal axes.

Each pixel is assigned the maximum value of its horizontal and vertical
gradient obtained with the following Prewitt convolution kernels:

Kernel #1 Kernel #2
-1 0 1 -1 -1 -1
-1 0 1 0 0O
-1 0 1 1 1 1

Py =mMax[Pisvj-0=Pi1j 9t Pavay—Piajy tPivrjrn—Piovj+)s
Pi-1j+=Pi-1j-1*Pij+n—Pij-n+Pi+vj+n—Pi+vj-ll

Nonlinear Sobel Filter

Thenonlinear Sobel filteis a highpass filter that extracts the outer
contours of objects. It highlights significant variations of the light
intensity along the vertical and horizontal axes.

Each pixel is assigned the maximum value of its horizontal and vertical
gradient obtained with the following Sobel convolution kernels:

Kernel #1 Kernel #2
-1 0 1 -1 -2 -1
-2 0 2 0 0O
-1 0 1 1 2 1

As opposed to the Prewitt filter, the Sobel filter assigns a higher weight
to the horizontal and vertical neighbors of the central pixel:

Pijy =max[P_1j-1=Pi+1j-1y+2Pi-1) = 2Pi+1j) * Pi—1j+ 1= Pi+vj+ )l

i-1j-1~Pi-1j+1n*t2Pi-1=2P¢; + 1t Pi+1j_1y—Pgi+vj+ll
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Example
This example uses the following source image.

A nonlinear Prewitt filter produces the following image.

Both filters outline the contours of the objects. Because of the different
convolution kernels they combine, the nonlinear Prewitt has the
tendency to outline curved contours while the nonlinear Sobel extracts
square contours. This difference is noticeable when observing the
outlines of isolated pixels.
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Nonlinear Gradient Filter
Thenonlinear gradient filteroutlines contours where an intensity
variation occurs along the vertical axis.

The new value of a pixel becomes the maximum absolute value between
its deviation from the upper neighbor and the deviation of its two left
neighbors.

Pa.iy = Max[Pg - 1= Pipl Pi-1j-1—=Pa-1pl]

Fidj1 ¢t Fijd
LTl

Fi1; Fij

Roberts Filter

The Roberts filteroutlines the contours that highlight pixels where an
intensity variation occurs along the diagonal axes.

The new value of a pixel becomes the maximum absolute value between

the deviation of its upper-left neighbor and the deviation of its two other
neighbors.

Pa.iy = Max[Pi -1 -1y= Pg pls Pej- = Pa-1pl]

Fi-1j1 ml»  Fij1
[

Fii; Fij

Differentiation Filter
Thedifferentiation filterproduces continuous contours by highlighting
each pixel where an intensity variation occurs between itself and its
three upper-left neighbors.

The new value of a pixel becomes the absolute value of its maximum
deviation from its upper-left neighbors.

Pa.iy = max[Pi 1) = Pipl Pa-1i-1=Papls Paj-1—Pgpll

Fi-14-1 1+ Pijd

Fi1j | Fij
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Sigma Filter

The Sigma filteris a highpass filter. It outlines contours and details by
setting pixels to the mean value found in their neighborhood, if their
deviation from this value is not significant.

GivenM, the mean value & ; and its neighbors arfg their standard
deviation, each pixe; ; is set to the mean valbif it falls inside the
range M-S M + 9.

else R ;=M.

Lowpass Filter

Thelowpass filterreduces details and blurs edges by setting pixels to
the mean value found in their neighborhood, if their deviation from this
value is large.

GivenM, the mean value & ; and its neighbors arfg their standard
deviation, each pixel; ;, is set to the mean valu¢ if it falls outside
the rangef —S M + §].

then R ) =P,
else R,=M

IMAQ Vision for G Reference Manual 5-26 © MNational Instruments Corporation



Median Filter

Nth Order Filter

Chapter 5 Spatial Filtering

Themedian filteris a lowpass filter. It assigns to each pixel the median
value of its neighborhood, effectively removing isolated pixels and
reducing details. However, the median filter does not blur the contour
of objects.

P.;) = median value of the serieB [ 1.

TheNth order filteris an extension of the median filter. It assigns to
each pixel thdth value of its neighborhood (when sorted in increasing
order). The valué\ specifies the order of the filter, which you can use
to moderate the effect of the filter on the overall light intensity of the
image. A lower order corresponds to a darker transformed image; a
higher order corresponds to a brighter transformed image.

Each pixel is assigned tiNth value of its neighborhood being
specified by the user.

P ) = Nth value in the serie®|, ],
wheretheP, , are sorted in increasing order.

The following example uses a 3 x 3 neighborhood:

Pi-1i-n| Pai-n | Pasvi-n 13 10 9

Pi-1) Pa.i Pissp | = 12 4 8

Pi-1i+n| Pai+n | Pivwi+n 5 5 6

The following table shows the new output value of the central pixel for
eachNth order value:

Nth Order 0 1 2 3 4 5 6 7 8

New Pixel Value 4 5 5 6 8 9 10 12 13

Note that for a given filter size theNth order can rank from
0tof?—1. For example, in the case of a filter size 3 Ntreorder
ranges from 0 to 8 @3- 1).
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Examples

To see the effect of the Nth order filter, notice the example of an image
with bright objects and a dark background. When viewing this image
with the B&W (or Gray) palette, the objects have higher gray-level
values than the background.

For a Given Filter Sizef x f Example of a Filter Size 3 x 3

o If N< (f*=1)/2, theNth order| Order 0
filter has the tendency to eroq
bright regions (or dilate dark
regions).

(smoothes image, erodes bright
objects)

If N =0, each pixel is replace
by its local minimum.

If N=(f*—1)/2, each pixel i§ Order 4
replaced by its local median
value. Dark pixels isolated in
objects are removed, as well
bright pixels isolated in the
background. The overall area
the background and object
regions does not change.

(equivalent to a median filter)

If N> (f*— 1)/2, theNth order| Order 8
filter has the tendency to dilat
bright regions (or erode dark
regions).

(smoothes image, dilates bright
objects)

If N=f°—1, each pixel is
replaced by its local maximur
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This chapter describes the frequency filters used in IMAQ Vision.

Introduction to Frequency Filters

Frequency filtersalter pixel values with respect to the periodicity and
spatial distribution of the variations in light intensity in the image.
Highpass frequency filters help isolate abruptly varying patterns which
correspond to sharp edges, details, and noise. Lowpass frequency filters
help emphasize gradually varying patterns such as objects and the
background. Frequency filters do not apply directly to a spatial image,
but to its frequency representation. The latter is obtained via a function
called theFast Fourier Transforn{FFT). It reveals information about

the periodicity and dispersion of the patterns found in the source image.

The spatial frequencies seen in an FFT image can be filtered and the
Inverse FFT then restores a spatial representation of the filtered FFT
image.

FFT Fiter frverse FET
fw, A, v WA, v Mo

In an image, details and sharp edges are associated to high spatial
frequencies because they introduce significant gray-level variations
over short distances. Gradually varying patterns are associated to low
spatial frequencies.

For example, an image can have extraneous noise such as periodic
stripes introduced during the digitization process. In the frequency
domain, the periodic pattern is reduced to a limited set of high spatial
frequencies. Truncating these particular frequencies and converting the
filtered FFT image back to the spatial domain produces a new image in
which the grid pattern has disappeared, yet the overall features remain.
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Lowpass FFT Filters

A lowpass FFT filterattenuates or removes high frequencies present in
the FFT plane. It has the effect of suppressing information related to
rapid variations of light intensities in the spatial image. In this case, the
Inverse FFT command produces an image in which noise, details,
texture, and sharp edges are smoothed.

Fiftd, vl

Highpass FFT Filters

A highpass FFT filteattenuates or removes low frequencies present in
the FFT plane. It has the effect of suppressing information related to
slow variations of light intensities in the spatial image. In this case, the
Inverse FFT command produces an image in which overall patterns are
attenuated and details are emphasized.

HiL, )
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Mask FFT Filters
A mask filterremoves frequencies contained in a mask specified by the
user. Depending on the mask definition, this filter may behave as a
lowpass, bandpass, highpass, or any type of selective filter.
Fied, v
Definition

The spatial frequencies of an image are calculated by a function called
the Fourier Transform It is defined in the continuous domain as

00 0

F(u,v) = IJ’f(x, y)e_jzn(xu+y\/)dxdy

—00 =00

wheref(x, y) is the light intensity of the poink(y), and (, v) are the
horizontal and vertical spatial frequencies. The Fourier Transform
assigns a complex number to each aet).

Inversely, a Fast Fourier Transfofu, v) can be transformed into a
spatial imagéd (x, y) using the following formula:

joniX, Yo
N-1M-1 JZnDN+

f(x,y) = z z F(u, v)e e

u=o0ov=0

In the discrete domain, the Fourier Transform is calculated with an
efficient algorithm called the Fast Fourier Transform (FFT). This
algorithm requires that the resolution of the image "2&. Notice that
the values and andm can be different, which indicates that the image
does not have to be square.

F(u,v) = Y, Z z f(x, y)e
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whereNM is the resolution of the spatial imaf{g, y).
Becauses 2™ = cos2rux—jsin2mux F(u, v) is composed of an
infinite sum of sine and cosine terms. Each paiv) determines the
frequency of its corresponding sine and cosine pair. For a given set
(u, v), note that all valuek(x, y) contribute td~(u, v). Because of this
complexity, the FFT calculation is time consuming.

The relation between the sampling increments in the spatial domain
(AX, Ay) and the frequency domain ( &, V) is:

1 1
A= Txax AV T Wixay
The FFT of an imagé;(u, v), is a two dimensional array of complex
numbers, or a complex image. It represents the frequencies of
occurrence of light intensity variations in the spatial domain. The low
frequenciesy, v) correspond to smooth and gradual intensity variations
found in the overall patterns of the source image. The high frequencies
(u, v) correspond to abrupt and short intensity variations found at the
edges of objects, around noisy pixels, and around details.

FFT Display

An FFT image can be visualized using any of its four complex
components: real part, imaginary part, magnitude, and phase. The
relation between these components is expressed by

F(u, v) = R(u, v) +jl(u, v),

whereR(u, v) is the real part ani{u, v) is the imaginary part, and
F(u, v) = |F(u, v)| x ei¢ V0,

where|F(u, v)| is the magnitude anffu, v) is the phase.

The magnitude oF(u, v) is also called th&ourier spectrumand is
equal to

IF(u, V)| = JR(Y Y +1(u, v)?

The Fourier spectrum to the power of two is known as the power
spectrum or spectral density.
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The phaseé(u, v) is also called the phase angle and is equal to

¢(u,v) = ata

I(u, V)
R(u V)]

Given an image with a resolutiodM and givenA x and y the spatial
step increments, the FFT of the source image has the same resolution
NM and its frequency step increments u and v, which are defined in
the following equations:

1 1

Au:—NxAx AVZ—MxAy'

The FFT of an image has the following two properties:

e ltis periodic:F(u, v) =F(u + N, v + M)

+ Itis conjugate-symmetridE(u, v) = F (-u, -v)

These properties result in two possible representations of the Fast

Fourier Transform of an image: tkeandard representatioand the
optical representation
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Standard Representation

High frequencies are grouped at the center while low frequencies are
located at the edges. The constant term, or null frequency is in the
upper-left corner of the image. The frequency range is

[0, NAU] x [0, MAV].

Law w- Hah L

Low
frequencies B

Hgh

Optical Representation
Low frequencies are grouped at the center while high frequencies are
located at the edges. The constant term, or null frequency, is at the
center of the image. The frequency range is

N N M M
[—EAU, EAU:| X |:——2-AV, EAV:| .

Hgh Lo High

High
frequencies C

L

Hgh High
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You can switch from the standard representation to the optical
representation by permuting theB, C andD quarters.

Intensities in the FFT image are proportional to the amplitude of the
displayed component.

Frequency Filters

This section describes the frequency filters in detail and includes
information on lowpass and highpass attenuation and truncation.

Lowpass Frequency Filters

A lowpass frequency filteattenuates or removes high frequencies
present in the FFT plane. This filter suppresses information related to
rapid variations of light intensities in the spatial image. In this case, the
Inverse FFT command produces an image in which noise, details,
texture, and sharp edges are smoothed.

A lowpass frequency filter removes or attenuates spatial frequencies
located outside a frequency range centered on the fundamental (or null)
frequency.

Lowpass Attenuation

Lowpass attenuatioapplies a linear attenuation to the full frequency
range, decreasing frofpto f,,,. This is done by multiplying each
frequency by a coefficier® which is a function of its deviation from
the fundamental and maximum frequencies.

© National Instruments Corporation 6-7 IMAQ Vision for G Reference Manual



Chapter 6 Frequency Filtering

—f

max

C(f) = ,
® fmax_fo
whereC( fy) = 1 andC( f,,,) = 0.
! £ty
o
f{} fmaﬂ:

Lowpass Truncation

Lowpass truncatiomemoves a frequendyif it falls outside the
truncation rangef{, f.]. This is done by multiplying each frequerfdyy
a coefficientC equal to 0 or 1, depending on whether the frequéisy
greater than the truncation frequericy

If f>f,

then C(f)=0

else C(f)=1.

1 &if)

1]

f{,\ f{_‘ fm E.Fd

The following series of graphics illustrates the behavior of each type of
filter. They give the 3D-view profile of the magnitude of the FFT. This
example uses the following original FFT.
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After lowpass attenuation, the magnitude of the central peak has been
attenuated, and variations at the edges almost have disappeared.

After lowpass truncation with, = f, + 20%(f,,,.x — fo), Spatial
frequencies outside the truncation randg {,] are removed. The part
of the central peak that remains is identical to the one in the original
FFT plane.

Highpass Frequency Filters

A highpass frequency filteattenuates or removes low frequencies
present in the FFT plane. It has the effect of suppressing information
related to slow variations of light intensities in the spatial image. In this
case, the inverse FFT produces an image in which overall patterns are
attenuated and details are emphasized.

A highpass frequency filter removes or attenuates spatial frequencies

located inside a frequency range centered on the fundamental (or null)
frequency.
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Highpass Attenuation

Highpass attenuatioapplies a linear attenuation to the full frequency
range, decreasing frofp,, to f,. This is done by multiplying each
frequency by a coefficier® which is a function of its deviation from
the fundamental and maximum frequencies.

0
(—

max

c(f) =

where ¢ fy) = 1 andC( f,,,) = 0.

Ll il

Highpass Truncation

Highpass truncatiomemoves a frequendyif it falls inside the

truncation range {,, f.]. This is done by multiplying each frequenicy

by a coefficientC equal to 1 or 0, depending on whether the frequency
f is greater than the truncation frequeificy

If f<f,

then C(f)=0

else C(f) = 1.

&)

fo fe Fovae
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The following series of graphics illustrates the behavior of each type of
filter. They give the 3D-view profile of the magnitude of the FFT. This
example uses the following original FFT image.

After highpass attenuation, the central peak has been removed and
variations present at the edges remain.
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After highpass truncation with = fy + 20%(f,.x— o), spatial
frequencies inside the truncation randg f.] are set to 0. The

remaining frequencies are identical to the ones in the original
FFT plane.
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This chapter provides an overview of morphology image analysis.

Morphological transformationextract and alter the structure of objects

in an image. You can use these transformations to prepare objects for
guantitative analysis, observe the geometry of regions, extract the
simplest forms for modeling and identification purposes, and so forth.

The morphological transformations can be used for expanding or
reducing objects, filling holes, closing inclusions, smoothing borders,
removing dendrites, and more. They can be divided into two categories:

e Gray-level morphologyunctions, which apply to gray-level
images.

« Binary Morphologyfunctions, which apply to binary images.
A binary imageis an image that has been segmented into an object

region (pixels equal to 1) and a background region (pixels equal to 0).
Such an image is generated by theesholdingprocess.

Thresholding consists of segmenting an image into two regions: an
object region and a background region. This is performed by setting to
1 all pixels that belong to a gray-level interval, called the threshold
interval. All other pixels in the image are set to 0.

You can use this operation to extract areas that correspond to significant
structures in an image and to focus the analysis on these areas.

irnage histogram

threshald

a0 166 239
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Pixels outside the threshold interval are set to 0 and considered as part
of the background area. Pixels inside the threshold interval are set to 1
and considered as part of an object area.

Example
This example uses the following source image.

Highlighting the pixels that belong to the threshold interval [166, 255]
(the darkest areas) produces the following image.

Highlighting produces the following binary image.

A critical and frequent problem in segmenting an image into an object
and a background region occurs when the boundaries are not sharply
demarcated. In such a case, the choice of a correct threshold becomes
subjective. Therefore, it is highly recommended that images be
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enhanced prior to thresholding, so as to outline where the correct
borders lie. Observing the intensity profile of a line crossing a boundary
area can also be helpful in selecting a correct threshold value. Finally,
keep in mind that morphological transformations can help you retouch
the shape of binary objects and therefore correct unsatisfactory
selections that occurred during the thresholding.

Thresholding a Color Image

To threshold a color image, three threshold intervals need to be
specified, one for each color component. The final binary image is the
intersection of the three binary images obtained by thresholding each
color component separately.

Automatic Threshold

A number of different automatic thresholding techniques are available,
including clustering, entropy, metric, moments, and interclass variance.
In contrast to manual thresholding, these methods do not require that the
user set the minimal and maximal light intensities. These techniques are
well suited for conditions in which the light intensity varies.

Depending on your source image, it is sometimes useful to invert
(reverse) the original gray scale image before applying an automatic
threshold function (for example, moments and entropy). This is
especially true for cases in which the region you want to threshold is
black and the background you want to eliminate is red (when viewing
with a binary palette).

Clustering is the only multi-class thresholding method available.
Clustering operates on multiple classes so you can create tertiary or
even higher level images. The other four methods (entropy, metric,
moments, and interclass variance) are reserved for strictly binary
thresholding techniques. The choice of which algorithm to apply
depends on the type of image to threshold.

Clustering

In this rapid technique, the image is randomly sorted within a discrete
number of classes corresponding to the number of phases perceived in
an image. The gray values are determinedaaparycenteris

determined for each class. This process is repeated until a value is
obtained that represents the center of mass for each phase or class.
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Example

The automatic thresholding method most frequently used is clustering,
also known as multi-class thresholding.

This example uses a clustering technique in two and three phases on an
image. Note that the results from this function are generally
independent of the lighting conditions as well as the histogram values
from the image.

This example uses the following original image.
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Clustering in two phases produces the following image.
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Entropy

Based on a classical image analysis technique, this method is best suited
for detecting objects that are present in minuscule proportions on the
image. For example, this function would be suitable for default
detection.

Metric

Use this technique in situations similar to interclass variance. For each
threshold, a value is calculated that is determined by the surfaces
representing the initial gray scale. The optimal threshold corresponds to
the smallest value.

Moments

This technique is suited for images that have poor contrast (an
overexposed image is better processed than an underexposed image).
The moments method is based on the hypothesis that the observed
image is a blurred version of the theoretically binary original. The
blurring that is produced from the acquisition process (electronic noise
or slight defocalization) is treated as if the statistical moments (average
and variance) were the same for both the blurred image and the original
image. This function recalculates a theoretical binary image.

Interclass Variansce

Interclass variance is a classical statistic technique used in
discriminating factorial analysis. This method is well-suited for images
in which classes are not too disproportionate. For satisfactory results,
the smallest class must be at least five percent of the largest one. Note
that this method has the tendency to underestimate the class of the
smallest standard deviation if the two classes have a significant
variation.

IMAQ Vision for G Reference Manual 7-6 © MNational Instruments Corporation



Chapter 7 Morphology Analysis

Structuring Element

A structuring elemenis a binary mask used by most morphological
transformations. You can use a structuring element to weigh the effect
of these functions on the shape and the boundary of objects.

A morphological transformation using a structuring element alters a
pixel P, so that it becomes a function of its neighboring pixels. These
neighboring pixels are masked by 1 when the structuring element is
centered orP,. A neighbor masked by 0 simply is discarded by the

function.
structuring element s0Urce image transform image
* — g%‘
B neighbaors used B new Py value
to caleulate the
nesw S value

The structuring element is a binary mask (composed of 1 and 0 values).
It is used to determine which neighbors of a pixel contribute to its new
value. A structuring element can be defined in the case of a rectangular
or hexagonal pixel frame, as shown in the following examples.
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The following graphic illustrates a morphological transformation using
a structuring element. This example uses a 3 x 3 image which has a
rectangular frame.

structuring elerment irnage
oj1]o B [P0z
HERE x |[PalPolPsl  — Po=T(Po P2 Par Ps: P7)
ojt1jao =

Rectangular Frame, Neighborhood 3 x 3

The next graphic illustrates a morphological transformation using a
structuring element for an image that has a hexagonal frame. This
example uses a 5 x 3 image.

> P'o=T(Po: P2 Pas Pe)

Hexagonal Frame, Neighborhood 5 x 3

The default configuration of the structuring element is a 3 x 3 matrix
with each coefficient set to 1:

[
[
B e
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Primary Binary Morphology Functions

The primary morphologyunctions apply to binary images in which
objects have been set to 1 and the background is equal to 0. They
include three fundamental binary processing functions: erosion,
dilation, and hit-miss. The other transformations derive from
combinations of these three functions.

The primary morphology transformations are described in detail in this
section of the manual. They include: erosion, dilation, opening, closing,
inner gradient, outer gradient, hit-miss, thinning, thickening,
proper-opening, proper-closing, and auto-median.

Note: In the following descriptions, the term pixel denotes a pixel equal to 1 and
the term object denotes a group of pixels equal to 1.

Erosion Function

An erosioneliminates pixels isolated in the background and erodes the
contour of objects with respect to the template defined by the
structuring element.

Concept and Mathematics

For a given pixeP,, the structuring element is centered®ynThe

pixels masked by a coefficient of the structuring element equal to 1 are
then referred @P;. In the example of a structuring element 3 x 3,Rhe
can range fron, itself toPg.

1. If the value of one pixd?; is equal to OthenP, is set to OelseP,
is set to 1.

2. If AND(P,) = 1,thenP, = 1,elseP, = 0.

Dilation Function

A dilation has the reverse effect of an erosion because dilating objects
is equivalent to eroding the background. This function eliminates tiny
holes isolated in objects and expands the contour of the objects with
respect to the template defined by the structuring element.

Concept and Mathematics

For a given pixeP,, the structuring element is centeredRyn The
pixels masked by a coefficient of the structuring element equal to 1 then
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are referred to aB,. In the example of a structuring element 3 x 3, the
P, can range fronk, itself to Pg.

1. |If the value of one pixd?; is equal to 1thenP, is set to 1elseP,
is set to 0.

2. If ORP,) = 1,thenP, = 1,elseP,=0.

Erosion and Dilation Examples
This example uses the following binary source image.
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The next example uses the following source image. Gray cells indicate
pixels equal to 1.

The following tables show how the structuring element can be used to
control the effect of an erosion or a dilation. The larger the structuring
element, the more templates can be edited and the more selective the
effect.

Structuring Element | After Erosion Description

TTTT A pixel is cleared if it is equa
to 1 and does not have its three
upper-left neighbors equal
1. The erosion truncates the
upper-left borders of the
objects.

[]

A pixel is cleared if it is
equal to 1 and does not haye
its lower and right neighbots
equal to 1. The erosion

& truncates the bottom and
right borders of the objects
but retains the corners.
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Structuring Element | After Dilation Description

A pixel is setto 1 if it is
equal to 1 or if it has one g
its three upper-left neighbofs
equal to 1. The dilation
expands the lower-right
borders of the objects.

—

A pixel is setto 1 if itis
equal to 1 or if it has its
lower or right neighbor
equal to 1. The dilation
expands the upper and lef
borders of the objects.

Opening Function

Theopening functions an erosion followed by a dilation. This function
removes small objects and smoothes bounddfi¢ss an image,

openindl) = dilation(erosior(l)).

This operation does not alter the area significantly and shape of objects
because erosion and dilation are dual transformations. Borders removed
by the erosion are restored by the dilation. However, small objects that
vanish during the erosion do not reappear after the dilation.

Closing Function

Theclosing functionis a dilation followed by an erosion. It fills tiny
holes and smoothes boundarid.is an image,

closingl) = erosior(dilation(l)).

This operation does not alter significantly the area and shape of objects
because dilation and erosion are morphological complements. Borders
expanded by the dilation function are reduced by the erosion function.
However, tiny holes filled during the dilation do not reappear after the
erosion.
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Opening and Closing Examples

The following series of graphics illustrate examples of openings and
closings.

=
=
=

Original Image Structuring Element After Opening After Closing

11111 00100
11111 11 1 1 1
11111 01110
1 i i i i 00100
“‘ -
Structuring Element After Opening Structuring Element After Closing

External Edge Function

The external edgeubtracts the source image from the dilated image of
the source image. The remaining pixels correspond to the pixels added
by the dilationIf | is an image,

external edg@) = dilation(l) —1 = XOR(l, dilation(l)).

Internal Edge Function

Theinternal edgesubtracts the eroded image from its source image.
The remaining pixels correspond to the pixels eliminated by the
erosion. Ifl is an image,

internal edgél) = | —erosior(l) = XOR(l, dilation(l)).
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External and Internal Edge Example
This example uses the following binary source image.

Extraction using a 5 x 5 structuring element produces the following
image. The superimposition of the internal edge is in white and the
external edge is in gray.

The thickness of the extracted contours depends on the size of the
structuring element.

Hit-Miss Function

You can use thhit-miss functiorto locate particular configurations of
pixels. It extracts each pixel of an image that is placed in a
neighborhood matching exactly the template defined by the structuring
element. Depending on the configuration of the structuring element, the
hit-miss function can be used to locate single isolated pixels,
cross-shape or longitudinal patterns, right angles along the edges of
objects, and other user-specified shapes. The larger the size of the
structuring element, the more specific the researched template can be.
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Concept and Mathematics

For a given pixeP,, the structuring element is centeredRyn The
pixels masked by the structuring element are then referrBd bsthe
example of a structuring element 3 x 3, Eheange fromP, to Pg.

If the value of each pixé&l, is equal to the coefficient of the structuring
element placed on top of ihenthe pixelP, is set to 1glsethe pixel
P, is set to 0.

In other wordsijf the pixelsP; define the exact same template as the
structuring elementhenP, is set to 1elseP, is set to O.

A hit-miss function using a structuring element with a central
coefficient equal to 0 changes all pixels set to 1 in the source image to
the value 0.

Example 1
This example uses the following source image.

S0UxCe Image

The following series of graphics shows the results of three hit-miss
functions applied to the same source image. Each hit-miss function uses
a different structuring element (specified above each transformed
image). Gray cells indicate pixels equal to 1.
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Example 2

This example uses the following binary source image. Given this binary
image, the hit-miss function can be used to locate pixels surrounded by
various patterns specified via the structuring element.

Use the hit-miss function to locate
pixels isolated in a background.
. 0 00 0O
The structuring element presented 00000
the right extracts all pixels equal to 0010 0
that are surrounded by at least two 00000
layers of pixels equal to 0. 0000 O
Use the hit-miss function to locate
single pixel holes in objects.
The structuring element presented 11 1
the right extracts all pixels equal to 10 1
that are surrounded by at least one Ig 11 1
of pixels equal to 1.
Use the hit-miss function to locate :
pixels along a vertical left edge. ' _
|
The structuring element presented 11 0
the right extracts pixels surrounded 11 0 ,
at least one layer of pixels equal to 1 11 0 .
the left and pixels equal to O to the
right. :
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Thinning Function

Thethinning functioneliminates pixels that are located in a
neighborhood that matches a template specified by the structuring
element. Depending on the configuration of the structuring element,
thinning can be used to remove single pixels isolated in the background
and right angles along the edges of objects. The larger the size of the
structuring element, the more specific the template can be.

The thinning function extracts the intersection between a source image
and its transformed image after a hit-miss function. In binary terms, the
operation subtracts its hit-miss transformation from a source irffdge.

is an image,

thinning(l) =1 — hit-misgl) = XOR (, hit-misgl)).

This operation is useless when the central coefficient of the structuring
element is equal to 0. In such cases, the hit-miss function can only
change the value of certain pixels in the background from 0 to 1. The
subtraction of the thinning function then resets these pixels back to 0
anyway.

Examples
This example uses the following binary source image.

This example uses the thinning function and the following structuring
element:

[oNeoNe]
ol o]
oNeoNe]
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Thinning produces the following image. Single pixels in the
background of this image have been removed.

The next example uses the following source image.

The following series of graphics shows the results of three thinnings
applied to the source image. Each thinning uses a different structuring
element (specified above each transformed image). Gray cells indicate
pixels equal to 1.

]

Thickening Function

Thethickening functioradds to an image those pixels located in a
neighborhood that matches a template specified by the structuring
element. Depending on the configuration of the structuring element,
thickening can be used to fill holes, smooth right angles along the edges
of objects, and so forth. The larger the size of the structuring element,
the more specific the template can be.
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The thickening function extracts the union between a source image and
its transformed image after a hit-miss function that uses the structuring
element specified for the thickening. In binary terms, the operation adds
a hit-miss transformation to a source imalfé.is an image,

thickenindl) = I + hit-misgl) = OR (, hit-misgl)).

This operation is useless when the central coefficient of the structuring
element is equal to 1. In such case, the hit-miss function only can turn
certain pixels of the objects from 1 to 0. The addition of the thickening
function resets these pixels to 1 anyway.

Examples
This example uses the following binary source image.

Thickening using the structuring element

R
o R
(RS

produces the following image. Single pixel holes are filled.
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The next example uses the following source image.

The following series of graphics shows the results of three thickenings
applied to the source image. Each thickening uses a different structuring
element (specified on top of each transformed image). Gray cells
indicate pixels equal to 1.

Proper-Opening Function
The proper-opening functiofs a finite and dual combination of
openings and closings. It removes small particles and smoothes the
contour of objects with respect to the template defined by the
structuring element.

If | is the source image, the proper-opening extracts the intersection
between the source imagand its transformed image obtained after a
closing, followed by and opening, and followed by another closing.

proper-openingl) = AND(I, OCO(1)), or
proper-openin@) = AND(l, DEEDDK()),

where lis the source image,
E is an erosion,
D is a dilation,
O is an opening,

Cis aclosing,
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F(l) is the image obtained after applying the functoto the
imagel, and

GF(l) is the image obtained after applying the functoto the
imagel followed by the functiorG to the imagé.

Proper-Closing Function

Theproper-closing functioiis a finite and dual combination of closings
and openings. lt fills tiny holes and smoothes the inner contour of
objects with respect to the template defined by the structuring element.

If I is the source image, the proper-closing extracts the union of the
source imagée and its transformed image obtained after an opening,
followed by and closing, and followed by another opening.

proper-closingl) = OR(, CO((l)), or
proper-closingl) = OR(, EDDEE1)),

where lis the source image,
E is an erosion,
D is a dilation,
O is an opening,
Cis a closing,

F(l) is the image obtained after applying the functoto the
imagel, and

GF(I) is the image obtained after applying the functoto the
imagel followed by the functiorG to the imagé.

Auto-Median Function

Theauto-median functiomses dual combinations of openings and
closings. It generates simpler objects that have fewer details.

If | is the source image, the auto-median function extracts the
intersection between the proper-opening and proper-closing of the
source imagé.

auto-mediafl) = AND(OCQ(I), coC()), or
auto-mediafl) = AND(DEEDDE(), EDDEED)),
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where lis the source image,
E is an erosion,
D is a dilation,
O is an opening,
Cis a closing,

F(l) is the image obtained after applying the functioto the
imagel, and

GF(l) is the image obtained after applying the funcfoto the
imagel followed by the functiorG to the imagd.

Advanced Binary Morphology Functions

The advanced morphology functions are conditional combinations of
fundamental transformations such as the binary erosion and dilation.
They apply to binary images in which a threshold of 1 has been applied
to objects and the background is equal to 0. The advanced binary
morphology functions include the border, hole filling, labeling, lowpass
filters, highpass filters, separation, skeleton, segmentation, distance,
Danielsson, circle, and convex functions.

Note: In this section of the manual, the term pixel denotes a pixel equal to 1 and
the term object denotes a group of pixels equal to 1.

Border Function

Theborder functiorremoves objects that touch the border of the image.
These objects may have been truncated during the digitization of the

image, and their elimination might be useful to avoid erroneous particle
measurements and statistics.

Hole Filling Function
Thehole filling functionfills the holes within objects.
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Thelabeling functiorassigns a different gray-level value to each object.

The image produced is not a binary image, but a labeled image using a
number of gray-level values equal to the number of objects in the image
plus the gray level 0 used in the background area.

The labeling function can identify objects using connectivity-4 or
connectivity-8 criteria.

Lowpass Filters

Thelowpass filterremoves small objects with respect to their width
(specified by a parameter calléter sizé).

Connectivity-4

Connectivity-8

Definition

Two pixels are considered as part
the same object if they are
horizontally or vertically adjacent.

The pixels are considereq
as part of two different
objects if they are
diagonally adjacent.

The pixels are considered
part of the same object if
they are horizontally,
vertically, or diagonally
adjacent.

as

Illustration

For a same pixel pattern, different
sets of objects can be identified.

Example

For a given filter sie N, the lowpass filter eliminates objects with a
width less than or equal tdi(~ 1) pixels. These objects are those that
would disappear afteN(— 1)/2 erosions.
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Highpass Filters

Thehighpass filtemremoves large objects with respect to their width
(specified by a parameter called filter size).

For a given filter sizé, the highpass filter eliminates objects with a
width greater than or equal bpixels. These objects are those which
would not disappear afteN(2 + 1) erosions.

Both the highpass and lowpass morphological filters use erosions to
determine if an object is to be removed. Therefore, they cannot
discriminate objects with a width ok®ixels from objects with a width

of 2k —1 pixels. For example, one erosion eliminates both objects that
are 2-pixels and 1-pixel wide.

The precision of the filters then depends on the parity of the filter
sizeN.

Highpass filter Lowpass filter

If N is an even
number (N = 2k)

¢ removes objects with a width | * removes objects with a width
greater than or equal td 2 less than or equal tk2-2

¢ usesk — 1 erosions * usesk— 1 erosions

If N is an odd number
(N=2k+1)

e removes objects with a width | « removes objects with a width
greater than or equal t& 2 1 less than or equal tk?2

¢ usesk erosions * usesk erosions

Lowpass and Highpass Example

This example uses the following binary source image.
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For a given filter size, a highpass filter produces the following image.
Gray objects and white objects are filtered out by a lowpass and
highpass filter, respectively.

Separation Function

Theseparation functiobreaks narrow isthmuses and separates objects
that touch each other with respect to an user-specified filter size.

For example, after thresholding an image, two gray-level objects
overlapping one another might appear as a single binary object. A
narrowing can be observed where the original objects intersected each
other.If the narrowing has a width M pixels, a separation using a

filter size of (M + 1) breaks it and restore the two original objects. This
applies at the same time to all objects that contain a narrowing shorter
thanN pixels.

For a given filter sizé&\, the separation function segments objects
having a narrowing shorter than or equalNe-(1) pixels. These objects
are those that are divided into two parts aftér(1)/2 erosions.

This operation uses erosions, labeling, and conditional dilations.

The above definition is true whéiis an odd number. It needs to be
modified slightly wherN is an even number. This modification is due
to the use of erosions to determine if a narrowing has to be broken or
kept. The function cannot discriminate a narrowing with a widthkof 2
pixels from a narrowing with a width of K2- 1) pixels. For example,
one erosion breaks both a narrowing that is two pixels wide and a
narrowing that is one pixel wide.
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The precision of the separation is then limited to the elimination of
constrictions having a width lesser than an even number of pixels:
* If Nis an even numberKp the separation breaks a narrowing with

a width smaller than or equal tok(2 2) pixels. It usesk(— 1)
erosions.

« If Nis an odd number K+ 1), the separation breaks a narrowing
with a width smaller than or equal t&.2t usesk erosions.

Skeleton Functions

A skeleton functiomapplies a succession of thinnings until the width of
each object becomes equal to one pixel. The skeleton functions are both
time- and memory-consuming. They are based on conditional
applications of thinnings and openings using various configurations of
structuring elements.

L-Skeleton Function

ThelL-skeleton functioindicates the L-shaped structuring element
skeleton function. For example, notice the following original image.

A

The L-skeleton function produces the following rectangle pixel frame
image.

X
>
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M-Skeleton Function

The M-skeleton(M-shaped structuring element) function extracts a
skeleton with more dendrites or branches. Using the same original
image as in the previous example, the M-skeleton function produces the
following image.

7

v
v

P

Skiz Function

Theskiz(skeleton of influence zones) function behaves like an
L-skeleton applied to the background regions, instead of the object
regions. It produces median lines that are at an equal distance from the
objects.

Using the same source image as in the previous example, the skiz
function produces the following image (shown after superimpaosition on
top of the source image).

Segmentation Function
The segmentation functiois only applied to labeled images. It
partitions an image into segments, each centered on an object, such that
they do not overlap each other or leave empty zones. This result is
obtained by dilating objects until they touch one another.
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Note:

The segmentation function is time-consuming. It is recommended that you
reduce the image to its minimum significant size before selecting this
function.

In the following image, binary objects (shown in black) are
superimposed on top of the segments (shown in gray shades).

o

When applied to an image with binary objects, the transformed image
turns entirely red because it is entirely composed of pixels set to 1.

Comparisons Between Segmentation and Skiz
Functions

The segmentation function extracts segments that each contain one
object and represent the area in which this object can be moved without
intercepting another object (assuming that all objects move at the
same speed).

The edges of these segments give a representation of the external
skeletons of the objects. As opposed to the skiz function, segmentation
does not involve median distances.

Segments are obtained by successive dilations of objects until they
touch each other and cover the entire image. The final image contains
as many segments as there were objects in the original image. On the
other hand, if you consider the inside of closed skiz lines as segments,
you might produce more segments than objects originally present in the
image. Notice the upper-right region in the following example.
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The following image shows:

« Original objects in black

e« Segments in dotted patterns
o Skiz lines

Distance Function

Thedistance functiorassigns to each pixel a gray-level value equal to
the shortest distance to the border of the object. That distance may be
equal to the distance to the outer border of the object or to a hole within
the object.

Danielsson Function

TheDanielsson functiomlso creates a distance map, but is a more
accurate algorithm than the classical distance function. Use the
Danielsson function instead of the distance function when possible.

Example

This example uses the following source threshold image.
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Circle Function

The image is sequentially processed with a lowpass filter, hole filling,
and the Danielsson function. The Danielsson function produces the
following distance map image.

It is useful to view this final image with a binary palette. In this case,
each level corresponds to a different color. The user easily can
determine the relation of a set of pixels to the border of an object. The
first layer (the layer that forms the border) is colored red. The second
layer (the layer closest to the border) is green, the third layer is blue, and
so forth.

Thecircle function enables the user to separate overlapping circular
objects. The circle function uses the Danielsson coefficient to
reconstitute the form of an object, provided that the objects are
essentially circular. The objects are treated as a set of overlapping discs
that is then separated into separate discs. Therefore, it is possible to
trace circles corresponding to each object.
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Example
This example uses the following source image.

t N,

The circle function produces the following processed image.

Convex Function

Theconvex functions useful for closing particles so that measurements
can be made on the particle, even though the contour of the object is
discontinuous. This command is usually needed in cases in which the
sample object is cut because of the acquisition process.

The convex function calculates a convex envelope around the perimeter
of each object, effectively closing the object. The image to be treated
must be both binary and labeled.
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Morphology Analysis

Example

This example uses the following original binary labeled image.

The convex function produces the following image.

Gray-Level Morphology

The gray-level morphology functions apply to gray-level images. You
can use these functions to alter the shape of regions by expanding bright
areas at the expense of dark areas and vice-versa. These functions
smooth gradually varying patterns and increase the contrast in boundary
areas. The gray-level morphology functions include the erosion,
dilation, opening, closing, proper-opening, proper-closing, and
auto-median functions. These functions derive from the combination of
gray-level erosions and dilations that use the structuring element.
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Erosion Function

A gray-levelerosionreduces the brightness of pixels that are
surrounded by neighbors with a lower intensity. The concept of
neighborhood is determined by the template of the structuring element.

Concept and Mathematics

Each pixelPg in an image becomes equal to the minimum value of its
neighbors. For a given pix&, the structuring element is centered on
Po. The pixels masked by a coefficient of the structuring element equal
to 1 are then referred &s. In the example of a 3 x 3 structuring
elementPj can range froniPg to Pg.

Pg = min(Pj).

Note: A gray-level erosion using a structuring element f x f with all its
coefficients set to 1 is equivalent to an Nth order filter with a filter size
f x f and the value N equal to 0 (refer to the nonlinear spatial filters).

Dilation Function

Thegray-level dilationhas the same effect as the gray-level erosion,
because dilating bright regions is equivalent to eroding dark regions.
This function increases the brightness of each pixel that is surrounded
by neighbors with a higher intensity. The concept of neighborhood is
determined by the structuring element.

Concept and Mathematics

Each pixelPg in an image becomes equal to the maximum value of its
neighbors. For a given pix&, the structuring element is centered on
Po. The pixels masked by a coefficient of the structuring element equal
to 1 are then referred &. In the example of a structuring element

3 x 3,Pj can range fronk®g to Pg.

P, = max@,).

% Note: A gray-level dilation using a structuring element f x f with all its
coefficients set to 1 is equivalent to an Nth order filter with a filter size
f x f and the value N equal to f x f — 1 (refer to the nonlinear spatial filters).
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Erosion and Dilation Examples
This example uses the following source image.

The following table provides example structuring elements, and the
corresponding eroded and dilated images.

Structuring Element Erosion Dilation

= e
e
e

=
o
[

Opening Function
The gray-levebpening functiorconsists of a gray-level erosion
followed by a gray-level dilation. It removes bright spots isolated in
dark regions and smoothes boundaries. The effects of the function are
moderated by the configuration of the structuring element.

openindl) = dilation(erosion(l)).
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This operation does not alter significantly the area and shape of objects
because erosion and dilation are morphological opposites. Bright
borders reduced by the erosion are restored by the dilation. However,
small bright objects that vanish during the erosion do not reappear after
the dilation.

Closing Function

The gray-levektlosing functionconsists of a gray-level dilation

followed by a gray-level erosion. It removes dark spots isolated in
bright regions and smoothes boundaries. The effects of the function are
moderated by the configuration of the structuring element.

closingl) = erosior(dilation (1)).

This operation does not alter significantly the area and shape of objects
because dilation and erosion are morphological opposites. Bright
borders expanded by the dilation are reduced by the erosion. However,
small dark objects that vanish during the dilation do not reappear after
the erosion.

Opening and Closing Examples
This example uses the following source image.
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The opening function produces the following image.

Consecutive applications of an opening or closing command always
give the same results. A closing function produces the following image.

Proper-Opening Function
The gray-leveproper-openings a finite and dual combination of
openings and closings. It removes bright pixels isolated in dark regions
and smoothes the boundaries of bright regions. The effects of the
function are moderated by the configuration of the structuring element.

If I is the source image, the proper-opening extracts the minimum value
of each pixel between the source imagand its transformed image
obtained after a closing, followed by an opening, and followed by
another closing.

proper-openingl) = min(, OCO(l)), or
proper-openin@) = min(, DEEDDK])),

where lis the source image,
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E is an erosion,
D is a dilation,
O is an opening,
Cis a closing,

F(l) is the image obtained after applying the functoto the
imagel, and

GF(l) is the image obtained after applying the functoto the
imagel followed by the functiorG to the imagé.

Proper-Closing Function

Theproper-closingis a finite and dual combination of closings and
openings. It removes dark pixels isolated in bright regions and
smoothes the boundaries of dark regions. The effects of the function are
moderated by the configuration of the structuring element.

If | is the source image, the proper-closing extracts the maximum value
of each pixel between the source imagand its transformed image
obtained after an opening, followed by a closing, and followed by
another opening.

proper-closingl) = max(, COC(l)), or
proper-closingl) = max(, EDDEE()),

where lis the source image,
E is an erosion,
D is a dilation,
O is an opening,
Cis a closing,

F(l) is the image obtained after applying the functoto the
imagel, and

GF(l) is the image obtained after applying the functoto the
imagel followed by the functior to the imagé.
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Auto-Median Function

Theauto-median functiomses dual combinations of openings and
closings. It generates simpler objects that have fewer details.

If 1 is the source image, the auto-median extracts the minimum value of
each pixel between the two images obtained by applying a
proper-opening and a proper-closing of the source irhage

auto-mediafl) = min(OC(1), CO()), or
auto-mediafl) = min(OEEDDK(I), EDDEED(I)),

where lis the source image,
E is an erosion,
D is a dilation,
O is an opening,
Cis aclosing,

F(l) is the image obtained after applying the funcfioto the
imagel, and

GF(l) is the image obtained after applying the funcfoto the
imagel followed by the functior to the imagé.
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Quantitative Analysis

L

This chapter provides an overview of quantitative image analysis. The
guantitative analysi®f an image consists of obtainidgnsitometry

and object measurements. Before starting this analysis, it is necessary
to calibrate the image spatial dimensions and intensity scale to obtain
measurements expressed in real units.

Spatial Calibration

Spatial calibrationconsists of correlating the area of a pixel with
physical dimensions. The latter can be defined by three parameters:
X Step, Y Step, andUnit.

X StepandY Stepare the horizontal and vertical lengths of a pixel.
Unit is the selected unit of distance.

The area of a pixel is then equal % $tepx Y StepUnit?2.

# Step

Y Step

If a pixel represents a square atban
X Step=Y Step= Sampling Step

The spatial calibration of an image can be performed using two
methods:

« Pixel calibration or editing the dimensions of a single pixel

« Distance calibrationor editing a the length of a line selected in the
image
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Intensity Calibration

Intensity calibrationconsists of correlating the gray-scale values to
user-defined quantities such as optical densities or concentrations.
The intensity calibration of an image is performed in two steps:

» Selection of sample points in an image and calibration of their
gray-level value

e Selection of a curve-fitting algorithm to calibrate the entire gray
scale

The following example uses an 8-bit image, or 256 gray levels.

Optical Density LUT

o]

Uzer Unit

233

Gray-Lewel Unit

Definition of a Digital Object

In digital images, objects can be defined by three critértansity
threshold connectivity andarea threshold

Intensity Threshold

Objects are characterized by iatensity range They are composed of
pixels with gray-level values belonging to a given threshold interval
(overall luminosity or gray shade). Then other pixels are considered
part of the background.

Thethreshold intervais defined by the two parametetjver

Threshold, Upper Threshold]. In the case of binary objects the
Threshold Interval is [1, 1].
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Connectivity

Once the pixels belonging to a specified intensity threshold are
identified, they are grouped into objects. This process introduces the
notion of adjacent pixels or connectivity.

In a rectangular pixel frame, each pikglhas eight neighbors, as
shown in the following graphic. From a mathematical point of view, the
pixels P;, P, Pg, P, are closer td, than the pixel$,, P,, Ps, andPg.

I:)7 F)0 P3

If D is the distance fromR, to P,, then the distances betwepand its
eight neighbors can range frdinto /2D, as shown in the following

graphic.
J2D D /2D
D 0 D
J2D D /2D
Connectivity-8

A pixel belongs to an object if it is at a distafizer /2D from another
pixel in the object.

Two pixels are considered as part of a same object if they are
horizontally, vertically, or diagonally adjacent. In the following image,
the object count equals 1.
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Connectivity-4
A pixel belongs to an object if it is at a distafzérom another pixel in
the object.
Two pixels are considered as part of a same object if they are
horizontally or vertically adjacent. They are considered as part of two
different objects if they are diagonally adjacent. In the following image,
the object count equals 4.

Area Threshold

Finally a size criteria can be specified to detect only objects falling in a
given area range.

The area threshold is defined by the two parameMirsihum Area,
Maximum Area].

Examples

In the following example, 1 pixel = 1 square inch.

Lower Upper | Minimum | Maximum
Obijects to Detect Threshold | Threshold Area Area
Black objects (gray level 0) as small as Jus( 0 0 1 65536
White objects (gray level 255) bigger than 255 255 500 65536
500 sqpli.
Labeled objects placed in a black backgro 1 255 200 1000
and ranging from 200 to 1000 g}
Light-gray objects belonging to the gray-le 190 200 1 3000
range [190, 200] and smaller than 300Qu&q
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Note: The most straightforward way to isolate objects is to use the threshold
function and convert them to binary objects. This method offers the
advantage of clearly showing the objects while the threshold interval
remains constant and equal to [1, 1].

Object Measurements

A digital object can be characterized by a set of morphological and
intensity parameters described in #eas Lengths Coordinates
Chords and AxesSShape Equivaleng&hape Feature®ensitometryand
Diverse Measuremengctions.

Areas
This section describes the following area parameters:

e Number of pixels—Area in number of pixels

« Particle area—Area expressed in real units (based on image spatial
calibration)

e Scanned area—Area of the entire image expressed in real units
« Ratio—Ratio of the object area to the entire image area

¢ Number of holes—Number of holes within the object

* Holes’ area—Total area of the holes

« Total area—Area of the object including its holes’ area (equals
Particle Area + Holes’ Area)

Particle Number

Identification number assigned to an object. Particles are numbered
starting from 1 in increasing order from the upper-left corner of the
image to the lower-right corner.

Number of Pixels

Number of pixels in an object. This value gives the area of an object,
without holes, in pixel units.

Particle Area

Area of an object expressed in real units. This value is eqdirtder
of pixelswhen the spatial calibration is such that one pixel represents
one square unit.
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Scanned Area

Area of the entire image expressed in real units. This value is equal to
the product Resolution X x X-Step)(Resolution Y x Y-Step).

Ratio
The percentage of the image occupied by all objects.

_ particle area

Ratio = scanned ara

Number of Holes

Number of holes inside an object. The software detects holes inside an
object as small as 1 pixel.

Holes’ Area
Total area of the holes within an object.

Total area

Area of an object including the area of its holes. This value is equal to
(Particle Area + Holes’ Area).

Note: An object located inside a hole of a bigger object is identified as a separate
object. The area of a hole that contains an object includes the area covered by
the object.

Object 2

D o L
Object
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Object # Particle Area | Holes’ Area Total Area
Object 1 A B+C A+B+C
Object 2 D 0 D
Object 3 E F+G E+F+G
Object 4 G 0 G
Lengths
This section describes the following length parameters:
e Particle perimeter—Length of the outer contour.
« Holes’ perimete—Sum of the perimeters of the holes within the
object
* Width—Distance between the left-most and right-most pixels in
the object
¢ Height—Distance between the upper-most and lower-most pixels
in the object
Particle Perimeter
Length of the outer contour of an object.
Holes’ Perimeter
Sum of the perimeters of the holes within an object.
Note: Holes’ measurements can turn into valuable data when studying

constituents A and B such that B is occluded in A. If the image can be
processed so that the B regions appear as holes in A regions after a
threshold, the ratio (Holes Area Particle Total Area) gives the percentage
of B in A. Holes’ perimeter gives the length of the boundary between A
and B.

Breadth

Distance between the left-most and right-most pixels in an object, or
max (X)) — min(X;). It is also equal to the horizontal side of the smallest
horizontal rectangle containing the object, or the difference

maxX — minX.
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Height

Distance between the upper-most and lower-most pixels in an object, or
max(Y;) — min(Y)). It is also equal to the vertical side of the smallest
horizontal rectangle containing the object, or the difference

maxy — miny.

Coordinates

Coordinates are expressed with respect to an origin (0, 0), located at the
upper-left corner of the image. This section describes the following
coordinate parameters:

» Center of Mass (X, Y—Coordinates of the center of gravity

*  Min X, Min Y —Upper-left corner of the smallest horizontal
rectangle containing the object

 Max X, Max Y—Lower-right corner of the smallest horizontal
rectangle containing the object

* Max chord X and Y—Left-most point along the longest
horizontal chord

Center of Mass X and Center of Mass Y

Coordinates of the center of gravity of an object. The center of gravity
of an object composed df pixelsP; is defined as the poii@ such that

i=N
center of mas¥g = 1 § X;
G NiZl i
Xg gives the average location of the central points of horizontal
segments in an object.
_1'd
Center of Masg; = Ni-ZlYi

Y gives the average location of the central points of horizontal
segments in an object.

Note: G can be located outside an object if the latter has a convex shape.
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Min(X, Y) and Max(X, Y)

Coordinates of the upper-left and lower-right corners of the smallest
horizontal rectangle containing an object.

The origin (0,X, Y) has two pixels that have the coordinates
(minX, minY) and (maX, maxy) such that

minX = min(x;)
minY = min(Y; )
maxX = max(X; )
maxy = max(y; )

whereX; andY; are the coordinates of the pix&lsin an object.

Max Chord X and Max Chord Y

Coordinates of the left-most pixel along the longest horizontal chord in
an object.

Flas
0o Min % Chord 5 Max i

mlir

Meazs Chord Y

Height

e ™

Ereadth

Chords and Axes
This section describes the following chord and axis parameters:
e Max chord length—Length of the longest horizontal chord
¢ Mean chord X—Mean length of horizontal segments
¢ Mean chord Y—Mean length of vertical segments

e Max intercept—Length of the longest segment (in all possible
directions)
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* Mean intercept perpendicula—Mean length of the segments
perpendicular to the max intercept

» Particle orientation—Orientation in degree with respect to the
horizontal axis

Max Chord Length

Length of the longest horizontal chord in an object.

Mean Chord X

Mean length of horizontal segments in an object.

Mean Chord Y

Mean length of vertical segments in an object.

Mean
Perpendicular las
Intercept Intercept

Fax Chard

Height

Breadth

Max Intercept

Length of the longest segment in an object (in all possible directions of
projection).

Mean Intercept Perpendicular

Mean length of the segments in an object perpendicular to the max
intercept.

. . paricle area
Mean intercept perpend|cularﬁawerce|Ot

Particle Orientation

The angle of the longest axis with respect to the horizontal axis. The
value can be between 0° and 180°.
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Notice that this value does not give information regarding the symmetry
of the particle.

Therefore, an angle of 190° is considered the same as 10°.

Shape Equivalence

Longest axis
. Farticle

atienitation Horizontal azxis

in degtrees

This section describes the following shape-equivalence parameters:

© National Instruments Corporation

Equivalent ellipse minor axis—Minor axis of the ellipse that has
the same area as the object and a major axis equal to half its max
intercept

Ellipse major axis—Major axis of the ellipse that has the same area
and same perimeter as the object

Ellipse minor axis—Minor axis of the ellipse that has the same area
and same perimeter as the object

Ellipse Ratio—Ratio of the major axis of the equivalent ellipse to
its minor axis

Rectangle big side—Big side of the rectangle that has the same area
and same perimeter as the object

Rectangle small side-Small side of the rectangle that has the same
area and same perimeter as the object

Rectangle ratic—Ratio of the big side of the equivalent rectangle
to its small side
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Equivalent Ellipse Minor Axis

Theequivalent ellipse minor axis the minor axis of the ellipse that has
the same area as the object and a major axis equal to half the max
intercept of the object.

This definition gives the following set of equations:

particle area mab, and
max intercept = &

The equivalent ellipse minor axis is defined as

_ 4 xparticle area

2b= TIX max intercep

Ellipse Major Axis

The ellipse major axiss the total length of the major axis of the ellipse
that has the same area and same perimeter as an object. This length is
equal to 2.

This definition gives the following set of equations

Area = Tab

Perimeter= TwZ(a2 + bz)

This set of equations can be expressed so that the sub and the
productab become functions of the paramet@article Area and
Particle Perimeter. a andb then become the two solutions of the
polynomial equatiorX? — (a + b)X + ab = 0.
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Notice that for a given area and perimeter, only one sol#ol)
exists.

Ellipse Minor Axis

Theellipse minor axiss the total length of the minor axis of the ellipse
that has the same area and same perimeter as an object. This length is
equal to ®.

Ellipse Ratio

Theellipse ratiois the ratio of the major axis of the equivalent ellipse
to its minor axis.

ellipse major axis_ a

Itis defined 8 -m————— = .
ellipse minor axis b

The more elongated the equivalent ellipse, the higher the ellipse ratio.
The closer the equivalent ellipse is to a circle, the closer to 1 the ellipse
ratio.

Rectangle Big Side

Rectangle big sides the length of the big side)(of the rectangle that
has the same area and same perimeter as an object.

This definition gives the following set of equations

Area = ab
Perimeter= 2(a+b)

This set of equations can be expressed so that theasub and the
productab become functions of the paramet®article Area and
Particle Perimeter. a andb then become the two solutions of the
polynomial equatio X — @+bX+ab=0.

Notice that for a given area and perimeter, only one sol#pol)
exists.
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Shape Features

Rectangle Small Side

Rectangle small sidis the length of the small side of the rectangle that
has the same area and same perimeter as an object. This length is equal
to b.

Rectangle Ratio

Rectangle ratias the ratio of the big side of the equivalent rectangle to
its small side.

Itis defined & —coandle big side _ .
rectangle small side b

The more elongated the equivalent rectangle, the higkétabtangle
ratio.

The closer the equivalent rectangle is to a square, the closer to 1 the
Rectangle ratia

This section describes the following shape-feature parameters:

»  Moments of Inertia—Moments of Inertia,l, |
the center of gravity

vy lxy With respect to

» Elongation factor—Ratio of the longest segment within the object
to the mean length of the perpendicular segments

» Compactness factor—Ratio of the object area to the area of the
smallest rectangle containing the object

» Heywood Circularity factor—Ratio of the object perimeter to the
perimeter of the circle with the same area

* Hydraulic Radius—Ratio of the object area to its perimeter

* Waddel Disk Diameter—Diameter of the disk with the same area
as the object

Moments of Inertia I, 1., I,

Themoments of inerti@ive a representation of the distribution of the
pixels in an object with respect to its center of gravity.
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Elongation Factor

Theelongation factoiis the ratio of the longest segment within an
object to the mean length of the perpendicular segments. It is defined as

max intercept
mean perpendicular intercept

The more elongated the shape of an object, the higher its elongation
factor.

Compactness Factor

Thecompactness factas the ratio of an object area to the area of the
smallest rectangle containing the object. It is defined as

particle area
breadh x width*

The compactness factor belongs to the interval [0, 1]. The closer the
shape of an object is to a rectangle, the closer to 1 the compactness
factor.

Heywood Circularity Factor
The Heywood circularity factors the ratio of an object perimeter to the
perimeter of the circle with the same area. It is defined as

particle perimeter _ particle perimeter
perimeter of circle with same area as particle, /rrx particle area

The closer the shape of an object is to a disk, the closer the Heywood
circularity factor to 1.

Hydraulic Radius
The hydraulic radiusis the ratio of an object area to its perimeter. It is
defined as

particle area
particle perimeter
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If a particle is a disk with a radi&s thenits hydraulic radius is equal to

N

R
T

b=
NI 20

N
Py

The hydraulic radius is equal to half the radiusf the circle such that

circlearea _  particle area
circle perimeter  particle perimeter

Waddel Disk Diameter

Diameter of the disk with the same area as the particle. It is defined as

2./particle area
—ﬁr .

The following tables list the definition of the primary measurements
and the measurements that are derived from them.

Definitions of Primary Measurements

A Area

p Perimeter

Left Left-most point
Top Top-most point

Right Right-most point
Bottom  Bottom-most point
. Projectionx

P, Projectiony
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Derived Measurements
Symbol | Derived Measurement Primary Measurement
I Width Right — Left
h Height Bottom — Top
d Diagonal 12+ h?
M, Center of Mass X (ZX)/A
M, Center of Mass Y (Zy)/A
L Inertia XX (2x®) —A x M,2
lyy Inertia YY (Zy) —A XM
Ly Inertia XY (Zxy) —Ax M, x M,
C, Mean Chord X AP,
oy Mean Chord X AP,
Smax Max Intercept (Crax/N)? x max, 1) +d(1 — Chax/1)?
C Mean Perpendicular AlSmax
Intercept
Ay Equivalent Ellipse 4 xA/ (MSmax
Minor Axis
d° Orientation If 1, = lyy s thend°= 45,
elsed® = %
atan(2 x Iyy+ (Ixx=lyy)
If 1,21y, andl,, >0, thend® =180 -d°
If 1= 1,y andl,, <0, thend®=-d°
If L <y, thend® = 90 —d°
If d° <0, thend® = 0°
E,. Ellipse major axis (2a) p- 2m [p° 2m
Ea 3t At 3R
2 2

© National Instruments Corporation
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Symbol | Derived Measurement Primary Measurement
E,p Ellipse minor axis (2b) p° on |p° om
Fav = J;*K—J;z‘i
E.p Ellipse Ratio E2,/E2,
R; Rectangle big side Ya(p+t )wheret” = Jp® - 16A
fe Rectangle small side Ya (p—t") wheret” = A/p2—16A
Ry Rectangle Ratio R./r¢
Fe Elongation factor Shax/Cmt
Fe Compactness factor Al(h x1)
. . p
Fy ;ii/g\:ood Circularity T
F Type factor A2
R, Hydraulic Radius Alp
Ry Waddel Disk Diameter 2f
Tt
Densitometry

IMAQ Vision contains the following densitometry parameters:

IMAQ Vision for G Reference Manual

Minimum Gray Value —Minimum intensity value in gray-level
units

Maximum Gray Value—Maximum intensity value in gray-level
units

Sum Gray Value—Sum of the intensities in the object expressed in
gray-level units

Mean Gray Value—Mean intensity value in the object expressed in
gray-level units

Standard deviation—Standard deviation of the intensity values
Minimum User Value—Minimum intensity value in user units
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¢ Maximum User Value—Maximum intensity value in user units

¢ Sum User Value—Sum of the intensities in the object expressed in
user units

*« Mean User Value—Mean intensity value in the object expressed
in user units

e Standard deviation (Unit}—Standard deviation of the intensity
values in user units

Diverse Measurements

These primary coefficients are used in the computation of
measurements such as moments of inertia and center of gravity.
IMAQ Vision contains the following diverse-measurement parameters

SumX—Sum of thex coordinates of each pixel in a particle
*  SumY—Sum of they coordinates of each pixel in a particle

e SumXX, SumYY, SumXY—Sum ofx coordinates squared, sum of
y coordinates squared, and sunxgfcoordinates for each pixel in
a particle

*  Corrected Projection X—Sum of the horizontal segments that do
not superimpose any other horizontal segment

« Corrected Projection Y—Sum of the vertical segments that do not
superimpose any other horizontal segment
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Programming Concepts

Chapter|

Images

L

This chapter contains an overview of IMAQ Vision programming
concepts, describes the Base and Advanced versions of IMAQ Vision,
and lists the Vls included in these versions. It also provides a summary
of the icons used in the function reference chapters of this manual.

An imageis a function of the light intensitifx, y) wherex andy
represent the spatial coordinates of a point in an imagé iartie
brightness of the poink(y).

The pixel depth and the number of planes in an image determines the
image type. Multiple image types are supported by IMAQ Vision.

The decision to encode an image in 8 bits, 16 bits, or in a floating value
is influenced by several factors: the nature of the image, the type of
image processing you need to use, and the type of analysis you need to
perform. For example, 8-bit encoding is sufficient if you plan to

perform a morphology analysis (for example, surface or elongation
factor). On the other hand, if the goal is to obtain a highly precise
quantification of the light intensity from an image or a region of an
image, then 16-bit or 32-bit (floating-point) encoding is required.

Vls that perform frequency-domain operations can be applied to images
that are Fourier transformed. Each pixel in a Fourier-transformed
image, called a complex image, is encoded as 2 x 32-bit floating.

It is also possible to acquire and process a real color image, known as
RGB chunky. This image type is encoded in 32 bits, 8 bits for the alpha
channel (not used in IMAQ Vision), and 8 bits each for the red, green,
and blue planes. The most common operation applied to this image type
is the extraction of the color, light, saturation, or hue component from
the image. The final result is an 8-bit image that can be processed as a
classical monochrome image.
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The image types mentioned above are all supported by IMAQ Vision.
However, certain operations on specific image types do not have any
practical sense (for example, applying the logic operator AND to a
complex image). Other image types, particularly images encoded in
files as 1-bit, 2-bit, or 4-bit images are not directly supported by IMAQ
Vision. In these cases, IMAQ Vision automatically transforms the
image into an 8-bit image (minimum for IMAQ Vision) when opening
the image file. This transformation is transparent and has no effect on
the use of these image types in IMAQ Vision.

In IMAQ Vision, the image type is defined at the creation of the image
object by the VI IMAQ Create. The default image type is 8-bit (a single
image plane encoded in 8 bits per pixel), the most prevalent image type
for the scientific and industrial fields. IMAQ Vision, however, is
designed to acquire and process images encoded in 10-bit, 12-bit, or
16-bit as well as in floating point and true color (RGB).

IMAQ Vision Vs

Image-Type Icons

This section describes the organization of the IMAQ Vision Vls. It also
describes the icons used in both IMAQ Vision and the VI reference
chapters in this manual.

In this manual, the following icons describe the image types supported
by each VI.

Icon Type Description

0 8 bits per pixel (unsigned, standard monochrame)

16 bits per pixel (signed)

&)
-

2 32 hits (floating point) per pixel

3 2 x 32 bits (floating point) per pixel (native
format after a FFT)

IRRE:)

32 bits per pixel (RGB chunky, standard color)

[
N
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An IMAQ Vision image has other attributes in addition to its type and
size. The calibration attribute defines the physical horizontal and
vertical dimensions of the pixels. The ability to calibrate two axes
permits you to correct defaults resulting from the captor (not
uncommon). These coefficients are used only when performing
calculations (for example, surface or perimeter) based on
morphological transformations. They have no effect on either
processing or operations between images.

For optimization reasons, a border also exists. This border is a space
that is physically reserved in the image and it is completely transparent
to you. This border is necessary when you want to perform a
morphological transformation, a convolution, or particle analysis.
These processes all use neighboring operations between pixels. These
operations consist of applying a new value to a pixel in relation to the
value of its neighbor. The advantage of the border is that all pixels can
be treated the same when performing these types of operations.

A detailed discussion of the techniques used for image analysis can be
found in chapters 1 through 8 of this manual. These methods can be
applied directly to an application built with IMAQ Vision and

LabVIEW or BridgeVIEW.

MMX Compatibility of IMAQ Vision for G

This section discusses MMX technology and the MMX features
available in IMAQ Vision for G.

About Intel MMX Technology

Intel released its first Pentium chip with MMX technology early in 1997
and since then has released the Pentium Il chip, a Pentium Pro chip with
MMX technology. These new chips are completely compatible with
existing Intel architecture and operating systems and are applications
transparent. MMX technology consists of 57 new instructions, which
operate on a new 64-bit data type (QWORD), and eight new 64-bit
registers. Those instructions can do calculations on eight BYTE, four
WORD, or two DWORD simultaneously, which theoretically can speed
up calculations two, four, or eight times. However, MMX has some
restrictions. A significant restriction is that MMX instructions cannot
handle floating-point calculations, and extra CPU time is need to switch
from MMX instructions to regular floating-point instructions.
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Overview of MMX Features in IMAQ Vision for G

Currently IMAQ Vision supports Intel MMX technology in the areas of
arithmetic operations, logic operations, comparison operations, linear
filtering, morphology, and processing operations. Only those
algorithms suitable for MMX optimization were chosen.

At the first instance of a VI from IMAQ Vision, the presence of the
MMX capability of the CPU is automatically detected and a MMX
enabling flag is set. During subsequent VI executions, IMAQ Vision
will execute MMX instructions if the MMX enabling flag is set and
regular instructions if the MMX enabling flag is not set.

The following special considerations apply to the use of MMX with

IMAQ Vision:

* Only 8-bit image types are optimized.

* For operations where the use of a mask is permitted, only the case
where no mask is specified is optimized.

e For the maximum optimization of the MMX instructions, you
should try to align your image data width to a multiple of eight
pixels. For the following operations, alignment of four pixels is
required to achieve maximum optimization: multiply, multiply
constant, average, average constant, sigma, Sobel, Prewitt,
lowpass, convolute, and correlate.

e Convolution is best optimized when the scaling factor is 1.

MMX Icon

In this manual, the following symbol designates functions that are
optimized for MMX.

IMAQ VI Error Clusters

Your IMAQ Vls use a standard control and indicaterrér in and
error out) to notify you that an error has occurred. Hreor in and
error out parameters are described here.

error in (no error) is a cluster that describes the error status before this
VI executes. lferror in indicates that an error occurred before this VI
was called, this VI might choose not to execute its function, but just
pass the error through to isror out cluster. If no error has occurred,
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this VI executes normally and sets its own error statesror out. Use
the Error Handler Vs to look up the error code and to display the
corresponding error message. Usargor in anderror out clusters is
a convenient way to check errors and to specify execution order by
wiring the error output from one subVI to the error input of the next.

statusis TRUE if an error occurred before this VI was called,
or FALSE if not. Ifstatusis TRUE,codeis a nonzero error
code. Ifstatusis FALSE,codecan be 0 or a warning code.

codeis the number identifying an error or warningstifitusis
TRUE, codeis a nonzero error code.dfatusis FALSE,code

can be 0 or a warning code. Use the Error Handler VIs to look
up the meaning of this code and to display the corresponding
error message.

sourceis a string that indicates the origin of the error, if any.
Usually,sourceis the name of the VI in which the error
occurred.

error out is a cluster that describes the error status after this VI
executes. If an error occurred before this VI was caewy out is the
same a®rror in. Otherwisegrror out shows the error, if any, that
occurred in this VI. Use the Error Handler VIs to look up the error code
and to display the corresponding error message. Usiog in and

error out clusters is a convenient way to check error and to specify
execution order by wiring the error output from one subVI to the error
input of the next.

statusis TRUE if an error occurred, or FALSE if not sifatus
is TRUE,codeis a nonzero error code. dfatusis FALSE,
codecan be 0 or a warning code.

codeis the number identifying an error or warningstifitusis
TRUE, codeis a nonzero error code.dfatusis FALSE,code

can be 0 or a warning code. Use the Error Handler VIs to look
up the meaning of this code and to display the corresponding
error message.

sourceis a string that indicates the origin of the error, if any.
Usually,sourceis the name of the VI in which the error
occurred.
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Base and Advanced Versions of IMAQ Vision

IMAQ Vision is available in both a Base version and an Advanced
version.

th

The description of each VI is accompanied by an icon that denotes
whether the VI is included in both the Base and Advanced versions

@ or the Advanced version on@ @ .

Vis in the Base and Advanced Versions
Both versions of IMAQ Vision contain the following VI families.

5 aS

n of

(pixels, image,
and diverse)

Name of VI
Icon Family Chapter Functionality of VIs
Management 10 Creating, listing, and disposing of image structures
£h Error handling for all the VIs in IMAQ Vision
Files 11 Image acquisition
£h Reading and writing images to and from disk files
Display 12 All aspects of image visualization (color palettes) g
(basics, special, its control; you can control up to 16 image windows
2 €4 | tools, and user) well as six user floating windows
Image window managers that you can use to seleg
various tools for creating and manipulating a regio
interest
Tools* 13 Manipulation of images (for example, reduction,

expansion, extraction, and modification of pixel val

Transformation of the contents of an image to and f
a LabVIEW array

les)

rom

*Certain Tools and Analysis VIs are restricted to the Advanced version of IMAQ Vision.
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Analysis* 19 Analysis of the contents of an image
® £h
Geometry 20 3D view, rotate, shift, and symmetry
h
Color 22 Color image processing and analysis (histogram,
threshold)
@ €3 N . .
Manipulation of color images planes (conversions)
External Library 23 Access to information about image pixel organizati
Support Useful for creating device-driver Vis
m £h

*Certain Tools and Analysis VIs are restricted to the Advanced version of IMAQ Vision.

Vs in the Advanced Version Only

IMAQ Vision Advancedcontains all the functions found in Base as well
as an additional set of Vis.

Name of VI
Icon Family Chapter Functionality of VIs
Conversion 14 Linear or nonlinear conversions from one image type
into another
75
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Icon

Name of VI
Family

Chapter

Functionality of VIs

b

v
a4

b

Operators
(Arithmetic,
Logic, and
Comparison)

15

Addition, Subtraction, Multiplication, Division, Rati

o]

and Modulo between two images or between one image

and a constant

Logic operators include AND, NAND, OR, NOR,
XOR, XNOR, and LogDiff between two images or

between one image and a constant. Clear or Set as a
function of a relational operator between two images or

between one image and a constant

Masking and the extraction of a minimum, maximum,
or average can be performed between two images or

between an image and a constant

Processing

16

Threshold, Label, LUT (lookup table), Transformati
and so forth

@ b

Filters

17

Convolutions, construction and choosing of
user-defined kernels

Nonlinear Filters (for example, gradient, lowpass,
Prewitt, Sobel, and Roberts)

Morphology

18

Morphology functions for editing binary images,

including erosions, dilations, closings, openings, gdge

detection, thinning, thickening, hole filling, low pass,

high pass, distance mapping, and rejection of part
touching the border

Morphology functions for modifying gray scale
images, including erosions, dilations, closings,
openings, and auto-median

cles

Complex

21

Frequency processing including FFT, Inverse FFT],

Truncation, Attenuation, Addition, Subtraction,
Multiplication, and Division for complex images

Functions for extraction and manipulation of planes

IMAQ Vision for G Reference Manual
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In the Advanced version, the following VIs are added to the existing VI
families.

Icon

Name of VI
Family

Chapter

Functionality of VIs

@ <5

Tools

13

Calibration, control of offset, and the ability to create

a mask starting from a user-selected point and a
user-defined tolerance value

® £

19 Simple and complex particle detection

Extraction of measurement and morphological
coefficients for each object in an image

Manipulation of Images by IMAQ Vision

An 8-bit encoded image, possessing a resolution 512 x 512 occupies
262,144 bytes or 256 KB of memory. Because LabVIEW and
BridgeVIEW cannot realistically handle these large regions of memory,
IMAQ Vision itself is responsible for managing these image spaces.

Inherent in all VIs belonging to the IMAQ Vision library is an input of
one or more image structures. These structures are managed directly by
IMAQ Create. Each image must be given a unique name that is a
generic structure representing all aspects contained and associated with
an image. An image structure can contain different data or information.
The image structure is dependent on the image processing and type of
functions that you need to perform.

This image structure which enters each VI is a specific data type (a
cluster in theG programming language) resulting directly or indirectly
form the execution of IMAQ Create. In order to execute its operation,
the VI must have information about which image is processed and
which image (the original or another) should receive the results. This
image structure provides this information when entering a VI.
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To create an image, use the procedure illustrated in the following
graphic.

Mew Irnage

AL Create

An image is created and referenced by the nbnage Src This name

is displayed in the VI front panel of all Vis that receive data from this
image structure. The clustdlew Imageresulting from the output must
be connected with thenage typeinput. This connection identifies the
image to be processed.

Multiple images can be created by executing IMAQ Create the number
of times corresponding to the number of images desired. Each image
created requires a unique name. The number or required images can be
determined from an analysis of your intended application. The decision
is based upon different processing phases and your need to keep the
original image (after each processing step).

Video Acgiistion Captured Image inGray

TMAD: if:e]

15 15

- - Threshalded | rage in Binary
AL Crealde

IMAD.

th

AL Thbe shodd

In the preceding example, two images (Gray and Binary) are created,
and at the first stage are completely empty (the size is equal to (0, 0)).
After the video acquisition, the Gray image contains the captured image
at a sizeX, y). Then a thresholding is performed using the VI IMAQ
Threshold. Note that this VI possesses two ingatage Srcand

Image Dst,that receive the images Gray and Binary, respectively.
Immediately prior to the execution of this function (IMAQ Threshold),
the size of the Binary image is (0, 0). Immediately following this
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threshold, the Binary image has the exact same size as the Gray image
and contains the data resulting from the threshold Gray image.

Depending on the type of function performed by a VI, different
combinations of input and output are possible. In the above example,
the Gray image is intact because it is connected only to thelmpge

Src. You can use this flexibility to decide, as in the case above, which
image is to be processed and where the resulting image is to be stored.
The outputimage DstOut from a VI gives the same image cluster as
that which is connected to the ingutage Dst Therefore, it would

seem that the connections from the inppnage Dstor the output

Image Dst Outto subsequent VIs (downstream in the processing flow)
are equivalent.

However, the difference between the two is thaage Dst Outcan be
used to synchronize processes without resorting to using a LabVIEW or
BridgeVIEW sequence structure.

The following graphic shows several connection types used in
IMAQ Vision.

Irnage

Result=

Farameters

This connection schema applies only to Vs that analyze an image and
therefore do not modify either the size or contents of the image.
Examples of these types of operations include particle analysis and
histogram calculations.

In the following schema, amage Maskis introduced.

Image Ty
Irnage Mask

Pararmeters

Fesult=

The presence of an Image Mask input indicates that the processing or
analysis is dependent on the contents of another imagéntye

Mask). The processing of each pixellimage is dependent on the
corresponding pixel (residing in thmage Mask) having a value
different than zero. This image mask must be an 8-bit image type and
its contents are considered to be binary (zero or different than zero).
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If you want to apply a processing or analysis function to the entire
image, do not connect thmage Maskinput. The connection of the
same image to both inputmage andimage Maskalso gives the same
effect as leaving the inplirhage Maskunconnected, except in this case
thelImage must be an 8-bit image.

The following connection schema applies to VIs performing an
operation that fills an image.

Irage oooooe
oo |rage Jut

Farameters

Examples of this type of operation include reading a file, a video
acquisition, or transforming a G 2D array (IMAQ ArrayTolmage) into
an image. This type of VI can modify the size of an image.

The following connection schema applies to VIs that process an image.

Irnage Sre

Irmage st cooooed

F—{ | Imnage Dt Out
Farameters i

This connection is the most common type in IMAQ Vision. Thage

Src input receives the image to process. Thage Dstoutput can

receive either another image or the original, depending on your goals.
If two different images are connected to the two inputs, then the original
Image Srcimage is not modified. If themage Dstandimage Src

inputs receive the same image, then the processed image is placed into
the original image and the original image data is lost.

A shortcut exists to join the two inputs if you prefer to have a single
image for both source and destination. In this case, you can connect
only thelmage Srcinput. Functionally this shortcut is equivalent to
connecting the same imageltnage Dst The following graphic
illustrates the two functionally equivalent connections.

Thelmage Dstimage is the image that receives the processing results.
Depending on the functionality of the VI, this image can be either the
same or a different image type as that of the source image.
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The description of each VI and the type of image that can be connected
to theirlmage inputs are described in the VI reference chapters

(10 through 23) of this manual. In all cases, the size of an image
connected témage Dstis irrelevant as it is modified automatically by
the VI to correspond to the source image size. The existence of the
outputimage Dst Outenables you to synchronize the various processes
without systematically creating a new LabVIEW or BridgeVIEW
sequence structure. The name available from the olntiage Dst Out

is the same as that supplied by thege Dstexcept its contents are
different after executing the VI.

The following connection schema applies to VIs that perform arithmetic
or logical operations between two images.

Irmage Sre b oo

Irnage Dzt 1
Image Sre B ] oo |Imnage st Out

Faramneters

Two source images exist for the destination image. The user can
perform an operation between two images A and B and then either store
the result in another image or in one of the two source images. In the
latter case, you can consider the original data to be unnecessary after the
processing has occurred. The following combinations are possible in
this schema.

—— - ==

In the schema on the left, the three images are all diffelraage Src

A andimage Src Bare intact after processing and the results from this
operation are stored image Dst In the schema in the centémage

Src A is also connected to thmage Dstwhich therefore receives the
results from the operation. In this operation the source datenfige

Src A is overwritten. In the schema on the rightage Src Breceives

the results from the operation.

Any operation between two images requires that the images have the
same size. However, arithmetic operations can be performed between
two different types of images (for example, 8-bit and 16-bit).
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Certain other data structures are frequently used in IMAQ Vision. All
VIs that use coordinates (for example, line or rectangle) use an array of
integers.

[132] Rectangle

The entityRectangleis composed of four coordinates
(Left / Top / Right / Bottom). A rectangle is specified by constructing
an array of integers containing the following information:

Rectangle[0] = L, whereL is the left-horizontal position.
Rectangle[1] = T, whereT is the top-vertical position.
Rectangle[2] = R, whereR s the right-horizontal position.

Rectangle[3] = B, whereB is the bottom-vertical position.

An image with a resolution of 256 x 256 is composed of the points

[0, O] to [255, 255] but the rectangle takes into account the entirety of
the image [0, 0, 256, 256]. The right-horizontal and the bottom-vertical
positions must be greater than 1 for the last specified column and line.
The default coordinates for a rectangle are [0, 0, 32767, 32767]. If these
coordinate values are shown (in the front panel of the VI), the rectangle
input is not connected. In this case the entire image is taken into account
when the operation is performed.

[132] Line

The entityLine is composed of four coordinates distributed in two
points. Each point contains horizontal and vertical information. An
array of integers must be constructed to specify a line. This includes the
following information.

Line[0] =x, wherex, is the horizontal starting position.
Line[1] =y, wherey, is the vertical starting position.
Line[2] =x, wherex, is the horizontal end-point position.
Line[3] =y, wherey, is the vertical end-point.

No default vector is defined. In executing this type of VI, you must
connect a table of four elements. Note that a line contains 256 points;
the line [0, 0, 255, 255] also contains 256 points.
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[vs]] [[1186] Table of pixels

The entitytable of pixelsis represented as a 2D array. The first
dimension in a G array is the vertical axis and the second dimension is
the horizontal axis. In memory, the pixels are stored in the order of the
X axis.

Y Dimension (32)
X Dimension (32)

-Array [0]10] -+ Array [1][0] --- Array [X Dimension —1][0]
_Array [O1lY Dimension —-1] - - - Array [X Dimension —1][Y Dimension —1]_
Connectivity 4/8

Specific-label and particle-measurement VIs possess the input
Connectivity 4/8. This parameter determines how the algorithm
determines whether two adjacent pixels are part of the same patrticle.

] ikl
B .S B .S
& ki

Connectivity 4 Connectivity 8

Example

The gray points in the original image define the patrticle. In connectivity
4, six particles are detected. In connectivity 8, three particles are

detected
QI 4
Bz =
g &
Original Image Connectivity 4 Connectivity 8 Particles
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[w&]

Structuring Element

A structuring elemenis a 2D G array. It is used specifically for
morphological transformations. The values contained in this array are
either 0 or 1. These values dictate which pixels are to be taken into
account during processing.

The use of a structuring element requires that the image contain a
border. The application of a 3 x 3 structuring element requires a
minimal border size of 1. In the same way, a structuring elements of
5x 5 and 7 x 7 require a minimal border size of 2 and 3, respectively.
Structuring elements greater than these sizes require corresponding
increases in the image border.

] 22

HEE

3x3 5x5 7x7

The coordinate locations of the central pixel (the pixel being processed)
is determined as a function of the structuring element. In this example

the coordinates of the processed pixels are (1, 1), (2, 2), and (3, 3). Note
that the origin is always the upper left-hand corner pixel.

Square/Hexa

Remember that a digital image is a 2D array of pixels arranged in a
regular rectangular grid. In image processing, this grid can have two
different (pixel) frames: square or hexagonal. Therefore the structuring
element that is applied during a morphological transformation can have
either asquareframe orhexagonaframe; you decide whether to use a
square frame or hexagonal frame. This decision affects how the
algorithm perceives the image during processing, when using those
functions that use this concept of a frame. The chosen pixel frame
directly affects the output from morphological measurements (for
example, perimeter and surface). Notice, however, that the frame has no
effect on the availability of the pixel in memory.

By default, the square frame is used in IMAQ Vision. The use of a
hexagonal frame is advised for obtaining highly precise results. As
shown in the following graphics, the even lines (with respect to the odd
lines) have shifted a half pixel right. The hexagonal frame places the
pixels in a configuration approaching a true circle. In those cases when
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the hexagonal frame is used, not all the structuring element values are
used. Only the values possessingane used. All Vis that use this
information have the inpuBquare/Hexa

o8 B
(gL L]
& || B

Square 3 x 3 Hexagonal 3 x 3

The size of the structuring element directly determines the speed of the
morphological transformation. Different results occur when the
contents of the structuring element are changed. It is recommended that
you understand morphology or learn how to use these elements before
changing the standard structuring element.

The structuring elements shown below each give a different result.

1 1 u] u] 1 1 1 1 1 u] u] u]
1 1 u] u] 1 1 1 1 1 1 1 1
1 1 u] u] 1 1 u] u] u] 1 1 1
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This chapter describes the functionality of the IMAQ Vision
Management VIs.

IMAQ Create

Creates an image.

Note: IMAQ Create must be used in conjunction with IMAQ Dispose in order to
avoid saturating the memory reserved for LabVIEW or BridgeVIEW.

(=] el [R) [z 9 2]

Border Size
Image Mame IMAQ Mew Image
Image Type ath
eIror in [no ermor| ermor aut
Border Sizedetermines the width in pixels of the border created around

an image. These pixels are used only for specific VIs. You should create
a border at the beginning of your application if an image is to be
processed later using functions that require a border (for example,
labeling and morphology). The default value, 0, creates no border. To
optimize transfer time, especially for real-time acquisition, use a border
that is an even number of pixels wide. The following graphic illustrates
an 8 x 6 image with a border equal to 0.
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In the following 8 x 6 image, the border equals 2.

Image Nameis a name that is associated with the created image. Each
image created must have a unique name.

Image Type This parameter specifies the image type. This input can
accept the following values:

o

8 bits per pixel (unsigned, standard monochrome)

1 16 bhits per pixel (signed)

2 @ 32 bits (floating point) per pixel

3 @ 2 x 32 bits (floating point) per pixel (native format after an FFT)

4 32 bits per pixel (RGB chunky, standard color)

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

New Image is thelmage structure that is supplied as input to all
subsequent (downstream) functions used by IMAQ Vision. Multiple
images can be created in a LabVIEW or BridgeVIEW application.
Activating thelMAQ ImageStatus VI shows you all created images
and the space they occupy in memory during the execution of your
application.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
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IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ Create&LockSpace

Creates a new image that has a permanently-allocated maximum memory space. Using
this VI, the pixel memory space allocated to an image can increase but never decreases.
This mechanism guarantees that an image that has filled a certain amount of memory
always is able to occupy the same space, regardless of memory fragmentation.

5 bel (R [T B3 8]

Border Size
Image Hame IMAQ Mew Image
Image Type EE
# Resolution e
" Rezolution error auk
errar in [ho error
Note: IMAQ Create is recommended over IMAQ Create&LockSpace for most

applications. IMAQ Create&LockSpace must be used only in applications
in which the memory requirements are stringent. IMAQ
Create&LockSpace must be used in conjunction with IMAQ Dispose to
avoid saturating the memory reserved for LabVIEW or BridgeVIEW.

Note: IMAQ Create&LockSpace is hidden in the Image palette but can be found
in Manage.llb
Border Sizedetermines the width in pixels of the border created around

an image. These pixels are used only for specific VIs. You should create
a border at the beginning of your application if an image is to be
processed later using functions that require a border (for example,
labeling and morphology). The default value, 0, creates no border. To
optimize transfer time, especially for real-time acquisition, use a border
that is an even number of pixels wide.

Image Nameis the name that is associated with the created image.

Image Typespecifies the image type. Refer to tMAQ Createsection
for a description of the various image types supported in IMAQ Vision.

X Resolution specifies the X size of the image to be created.

HH E
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parameterX Resolution, andBorder Sizedefine the memory that is
allocated permanently for this image.

Y Resolution specifies the Y size of the image to be created. This

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

New Imageis the image structure that is supplied as input to all
subsequent functions used by IMAQ Vision.

) error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ Dispose

Destroys an image and frees the space it occupied in memory. This VI must be used for
each image created in an application to free the memory allocated to IMAQ Create.
IMAQ Dispose is only executed when the image reference is no longer used in an
application. You can use IMAQ Dispose for each call to IMAQ Create or just once for
all images created with IMAQ Create.

(8] bl [RI [T 9 8]

Image ===== T
Al lrmages’? [Mo] s h
EIror in [no eror) error out
= Image is the name of the image to be destroyed.
All Images? (No)determines whether the user wants to destroy a single

image or all previously created images. Giving a TRUE value on input
destroys all images previously created. The default is FALSE. This
function must be used at the end of an application to free the memory
occupied by the images.

= errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
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IMAQ VI Error Clustersin Chapter 9V! Overview and Programming
Concepts

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Note: When a LabVIEW or BridgeVIEW application is aborted the image space
remains occupied.

Image Processing (Generic)

IMAQ Error

An error-management facility for IMAQ Vision that can be programmed to perform
specific actions in case of an error. The previous error code also can be read.

(5] be) [R5 4]

Error Proceszing ﬁ@ Laszt Error Code
Set Error Condition b Laszt Errar Mezzage
Error Processingis a number representing the type of error processing

you need to use. This value is used only when the Bo@etaEkrror
Condition is set to TRUE. The following values are possible:

0 Dialog Displays aStop/Continuedialog box, to determine whether
to stop or continue when an error occlrialog is the
default value.

1 Stop Stops in case of error.

2 Ignore Ignores all errors and does not display an error message.
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Set Error Condition rereads the last occurring error (FALSE) or
programs a procedure when an error occurs (TRUE). The default value
is FALSE.

Last Error Code contains the last occurring error code if the Boolean
Set Error Condition is setto FALSE. This error code is accessible only
once and is reset automatically after reading.

-

Last Error Messagecontains the message associated with the last error
code if the Boolea®et Error Condition is set to FALSE. As in

Last Error Code, this error message is accessible only once and is
reset automatically after reading

>  Note: Error codes returned from the VlIs in IMAQ Vision are not accessible
directly. If an error occurs, depending on the error condition chosen
(Dialog, Stop, or Ignore), a programmed action is taken. The reading of the
last occurring error then is reset.

IMAQ Status

Lists all the images created and the space in memory occupied.

(5] hel[RI [T B9 8]

E

B 4h

This VI can not be used as a subVI; it must be executed from its front panel. All existing
images are written at intervals or step-by-step depending on the action chosen. This VI
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also gives the total space in kilobytes occupied by the existing images. It can be used
during the writing of an application.

IE Imaq Status = _0[ %]

File Edit Operate Project Windows Help %
o |& [ ] [ 130t dpplication Font =] 8 =] [0 =] R
[
maq Staws | 40
Image Marne Code Type xRez [vRes |SizelBute]| ~
[IMAGET BIT & 256|256 (70720
IMAGE 2 BIT 16 512 [ZBE  [270400
IMAGE 3 RGE CHUMEZEE [128 [137280
A

m

o I,
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File Vis

This chapter describes the File VIs in IMAQ Vision.

IMAQ ReadFile

Reads an image file. The file format can be a standard format [APD, TIF, BMP, and
PICT (Macintosh Only)] or a non-standard format known to the user. In all cases, the read
pixels are converted automatically into the image type passéddge.

BB GG A

Image =~ =Image Dut
Load Color Palette? [Mo] mgm File Type
File Optiomns “mj""‘ = File Drata Tvpe
File Path Color Palette
error in [no ermor] error aut
= Image s the reference to the image structure to which the data from the
image file is applied.
Load Color Palette? (No)determines whether the user wants to load the

color table present in the file (if it exists). If loaded, this table is read
and made available to the outfulor palette. The default is FALSE.

File Optionsis a cluster of user-optional values that permits the user to
read non-standard file formats. The file structure must be known to the
user. This cluster consists of the following elements:

File Data Typeindicates how the image file is encoded. The
possible formats are:

0 1bhit
1 2 bits
2 4 bits

3 8 bits (default)
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IMAQ Vision for G Reference Manual

4 16 bits (unsigned)

5 16 bits (signed)

6 16 bits (RGB chunky)

7 24 bits (RGB chunky)

8 24 bits (RGB planar)

9 32 bits (unsigned)

10 32 bits (signed)

11 32 bits (RGB chunky)

12 32 bits (float)

13 48 bits (Complex 2 x 24 int)

14 64 bits (Complex 2 x 32 float)

Offset to Data specifies the size, in bytes, of the file header.
This part of the file is not taken into account when read. The
pixel values are read from the byte immediately after the offset
size. The default is 0.

Use Min Max determines if the user is using a predetermined
minimum and maximum. The technique to determine this
minimum and maximum depends on the following input
values:

0 Don’t use min maxMinimum and maximum are dependent
on the type of image. For an 8-bitimage,
min = 0 and max = 255.

1 Use file values Pixel values from the file are scanned
one time to determine the minimum and
maximum. Then a linear interpolation is
performed before loading the image.

2 Use optional value: Uses the two values described below.

Optional Min Value is the minimum value of the pixelslifse
Min Max is selected in mode 2 (Use optional vajuds this
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case, pixels with a smaller value are altered to match the
chosen minimum. The default is 0.

Optional Max Value is the maximum value of the pixelsise
Min Max was selected in mode 2 (Use optional values). In this

case, pixels with a greater value are truncated to match the
chosen maximum. The default is 255.

Byte Order determines if the byte weight is to be swapped
(Intel or Motorola). The default is FALSE, which specifies
Big endian (Motorola). TRUE specifies Little endian (Intel).
This function is only useful if the pixels are encoded on more
than 8 bits.

File Path is the complete path name, including drive, directory, and
filename, for the file to be loaded. This path can be supplied either by

the user or the VI File Dialofyom LabVIEW or BridgeVIEW.

o errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Outis the reference to the image structure containing the data
read from the image file.

File Type indicates the file type that is read. This string contains the
three indicative characters of the read file: APD (internal file format),
TIF, BMP (Windows only) and PICT (Macintosh only). File Type
returnsxxx if the file format is unknown.

File Data Typeindicates the pixel size defined in the header for
standard image file typeBile Options are not necessary for reading
standard image files. For other types of image files, the returned values
are passed froffile Options / File Data Type Note that the original file

type is never modified because only the image in memory is converted.

Color Palette contains the RGB color table (if the file has one) read
from the file when the user passes the value TRUE for the imgad
Color Palette? (No)

L |
1
=
-1}
—_
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You can use this VI to open and display an image, as illustrated in the following graphic.

Irnage

IMAQ GetFilelnfo

Obtains information regarding the contents of the file. This information is supplied only
if the file has a standard file format (APD, BMP, TIF, PICT).

=== _alibration
File Path = 7 File Type
= L File Data Type

£2 _I——| *hR esu:ulutiu:un
erar in [na eror JL@'T’ Resolution
error aut

File Path is the complete path name, including drive, directory, and
filename, for the file to be loaded. This path can be supplied either by
the user or the VI File Dialofyom LabVIEW or BridgeVIEW.

/

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Calibration is a cluster containing the following elements.

X Stepis the horizontal distance separating two adjacent pixels
in user units.

Y Stepis the vertical distance separating two adjacent pixels
in user units.

Unit is the measuring unit associated with the image. It can
have the following values.

HEH
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Note: This data is accessible only if the image is saved in the internal APD file
format. For all other file types, this VI returns the values (in mm)
X Step=1,Y Step=1, and Unit = 3.

File Type indicates the file type that is read. This string contains the
three indicative characters of the read fA®D (internal file format),
BMP, TIF, or PICT (Macintosh only).

File Data Typeindicates the pixel size defined in the header for
standard image file types.

X Resolutionindicates the horizontal resolution in pixels of the image
file.

Y Resolutionindicates the vertical resolution in pixels of the image file.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ WriteFile

Writes an image in a file.
[R) [ (8]

Image

File Typpe ~

File Path

ermar in (o error]

error out

Image s the reference to the image structure to which the data from the
image file is applied.

T
File Type describes the file type to be written. The default file type is
APD. The file types supported a8MP, TIFF, PICT (Macintosh
only), andAIPD (internal file format).

File Path is the complete path name, including drive, directory, and
filename, for the file to be loaded. This path can be supplied either by
the user or the VI File Dialog from LabVIEW or BridgeVIEW.
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= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section

IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section

IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Note: The options regulating the saving of an image file can be used for certain
file types. These options exist as a cluster that is not visible from the
connection panel but is visible from the front panel of the VI. For example,
the cluster TIFF Options allows the user to specify the value of certain tags
(for examplke, RowsPerStg, Photometricinterpretation, or ByteOrder). To
change the default values for a TIFF file it is sufficient to modify the
parameter in the front panel of IMAQ WriteFile.
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This chapter describes the Display Vs in IMAQ Vision.

Introduction

The control of image visualization is of primary importance in an
imagery applicationlmage processingndimage visualizatiorare

distinct and separate elements that should not be confused. An IMAQ
Vision image is controlled by IMAQ Create, which is responsible for
the manipulation of the image data and its proper preparation for the
various processing and analysis functions that can be applied to the
image data. On the other hand, image visualization involves the
presentation of the image data to the user and how the user works with
the visualized images. Note that a typical imagery application has many
more images than the number of image windows.

IMAQ Vision is used for a wide variety of imagery needs by users with
varying skill levels. Four Display sections exist so that the novice user
can easily access the basic Display functions while OEMs and other
professional users can create imagery applications containing
sophisticated display and control capabilities.

The Display (basics)library contains VIs that control the display of
images in image windows as well as the positioning, opening, and
closing of these windows on the display screen. These image windows
can be resized, and the user can place scroll bars in these image
windows. The user also can regulate when the image data is displayed.
Note that these image windows are not LabVIEW or BridgeVIEW
panels, and they are directly managed by IMAQ Vision.

TheDisplay (tools)library contains Vls for controlling image window
tools. These tools include points, lines, rectangles, ovals, and freehand
contours that can be used to physically access the image data displayed
in the image window. Once accessed, this data can be converted into a
region of interest oROI. The VIs also regulate the user interaction in

the IMAQ Vision image windows as well as the events that occur in
these image windows.
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The Display (user)library enables the advanced user to create and

manipulate user windows. These palettes (user windows) are defined by

the user and can be used to create sophisticated applications.

The Display (Special)library contains advanced functionalities and

user-interface management.

Display (Basics)

IMAQ WindDraw

Displays an image in an image window. The image window appears automatically when

the VI is executed. Note that by default the image window does not have scroll bars.
Scroll bars can be added by using the IMAQ WindSize VI.

(5] g) [ [ <

(2]

Window Mumber [0...15]
Image

Title

Color Palette :

Resize to Image Size? [v] -
error in [no ermor)

errar out

Window Number (0...15) specifies the image window in which the
image is displayed. As many as 16 windows can be displayed
simultaneously. Each window is specified with an indicator ranging
from 0 to 15. Only the specified image window is affected, and all other
image windows remain the same. The default value is 0.

Image specifies the image reference for the displayed image.

Note: 16-bit and floating-point images can be displayed by using an 8-bit image
buffer (Tmp). This 8-bit image buffer, used only to display the image, is
calculated as a function of the dynamic range from the image source. The
minimum value (min) and the maximum value (max) are calculated
automatically. Then the following formula is applied to each pixel:

Tmax, y) = (Srdx, y) — min) x 255/(max — min).
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Title is an image window name. If a string is attached to this input then
the image window automatically takes that name. The default name for
the image window ismage #<Window Number>

Color Paletteis used to apply a color palette to an image window.
Color Paletteis an array of clusters constructed by the user or supplied
by IMAQ GetPalette. This palette is composed of 256 elements for each
of the three color planes. A specific color is the result of applying a
value between 0 and 255 for each of the three color planes (red, green,
and blue). If the three planes have the identical value, then a gray level
is obtained. (O specifies black and 255 specifies white).

A color palette is not used for a true color image (RGB).

You should use a screen capable of displaying thousands (15/16-bit) or
16 million colors (24-bit). Currently, LabVIEW and BridgeVIEW do not
display a full palette of 256 colors (or gray scales) unless your monitor has
a display capability of 16 million colors. A true color image does not use a
display palette and therefore displays in true color if your monitor is in a
24-bit display mode.

(Macintosh only) You can change the palette tolerance in a Macintosh or
Power Macintosh. You can display a full palette of 256 colors (or gray
scales) even with an 8-bit display mode. In this case it is necessary to use
the IMAQ PaletteTolerance VI and change frofolerantmode to
Exactmode.

Resize to Image Size? (Y3pecifies whether the user wants to resize
the image window automatically to fit the image size. The default is set
to TRUE (yes), in which case the user does not have to know the size of
a source image prior to displaying it.

You must use the IMAQ WindSize function to place scroll bars in an image
window.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9| Overview and Programming
Concepts
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Display

The following graphic illustrates how to use IMAQ WindDraw.

IMANCreate
IMAQ
h IMANReadFile IMAN indC 2w
File Drialog] B8 i
Priey 8 1y =]
L)

IMAQ WindClose

Closes an image window. Note that this VI also clears the space reserved in memory for

the image window.

IE

F

Note:

8]

Window Mumber [0..15) —— 1 Tl
Cloze AllWindows? [M] - 8 th
erar in (o errar] errar oLk

Window Number (0...15) specifies the image window to close. It is
specified by a number from 0 to 15. The default value is 0.

Close All Windows? (N)specifies if all the image windows are to be
closed. The default value FALSE (No) closes only the specified
window. Setting this value to TRUE closes all windows simultaneously.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

At the end of an application it is necessary to remove all image windows
from memory. Otherwise, LabVIEW or BridgeVIEW will not have

sufficient memory, possibly causing stability problems. The use of this VI
is similar to the use of IMAQ Dispose. In the case of IMAQ WindClose, you
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remove image windows from memory; and in the case of IMAQ Dispose,
you remove image data from memory. In both cases you reallocate free
memory to LabVIEW or BridgeVIEW after executing these functions.

IMAQ WindShow

Shows or hides an image window.

Window Mumber [0...15] ———
Hide/Show [Show] .E_ﬂ Wizible?
Bring Ta Frant? [M] - 2y - Frontrmost Window?

Get/Set Status? [Set] T

error in [no ermor)

errar out

Window Number (0...15)specifies the image window to show or hide.
It is specified by a number from 0 to 15. The default value is 0.

Hide/Show (Show)specifies if an image window is visible. This input
is used only wheGet/Set Statusds TRUE (Set).

Bring To Front? (N) determines if a windows is to be brought to the
front. This input is only used whebet/Set Statusds TRUE (Set) and
Hide/Showis also TRUE

-
-

-

Get/Set Status? (Set¥pecifies if the user wants to know if the image
window is visible or if the user wants to modify the visibility of an
image window. The default is set to TRUE (Set).

o error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9YI Overview and Programming
Concepts

Visible? returns the present visibility status of the window. A visible
image window returns TRUE.

Frontmost Window? returns TRUE if an image window is in the front.

I l
m T

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

R
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IMAQ WindMove

Indicates and sets the position of an image window.

Windaw Murber [0...15]

Coordinates [zcreen] = Coordinates [zcreetn]
GetfSet Statug? [Set] - B8 1h
error in [no eror) error out

Window Number (0...15)is a number from 0 to 15 that specifies the
image window. The default value is 0.

Coordinates (screen)s a structure that contains the screen
coordinates, in X and Y positions, where the image window is located
or where the image window will be placed. This input is only necessary
when the inpuGet/Set Statusis set to Set.

Get/Set Status? (Setypecifies if the user wants to know the
coordinates of an image window or change the position of an image
window. The default is set to TRUE (Set).

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Coordinates (screenyeturns the present coordinates (X and Y) of an
image window.

error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ WindSize

Indicates and sets the size of an image window. You also can use this VI to set scroll bars
for image windows and test for the presence of scroll bars in an image window.

8]

Window Mumber —————

‘width & Height i “fidth & Height
Scrollbars? [M] - 8 b -~ Hasg Scrollbars?
Get/Set Statuz? [Set] -
frar in [ho error) error out

Window Number is a number from 0 to 15 that specifies the image
window. The default value is 0.

Width & Height is a cluster containing two elements. Setting the input
Get/Set Statuso TRUE (Set) allows the user to specify the width and
height of an image window. If the input is not connected, or if the value
is (0, 0) the image window is resized automatically to the image
associated with it.

Note: This value is independent of the size of the scroll bars.

TF Scrollbars? (N) controls the presence of scroll bars in an image
window. By default, scroll bars are not used. An image window can be
resized and moved by the user in the presence or absence of scroll bars.

TF Get/Set Status? (Setiletermines if the user wants to know the position
of an image window or specify the position of an image window. The
default value is TRUE (Set).

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Width & Height returns the present width and height of an image
window.

Note: The returned value includes the size of the scroll bars.

Has Scrollbars?returns the present scroll-bar status for an image

window.
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ GetPalette

Selects a display palette. Five predefined palettes are available. To activate a color palette
choose a code (0 to 4) fBralette Numberand connect the outp@olor Palette to the
input Palette Numberof IMAQ WindDraw.

Palette Humber [aray] @ e [Color Palette

2 b

Erar in (o error) errar oLk

Palette Number (gray)enables the user to select one of the five
predefined palettes. The relationship between the valu®alatte

Number is described below.

Gray Gray scale is the default palette. The color tables are all
identical.

Binary Binary palette is designed especially for binary images.

Gradient Gradient palette.

Rainbow Rainbow palette.

Temperature  Temperature palette.

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

[=0s] Color Paletteindicates an array of clusters composed of 256 elements
for each of the three color planes. A specific color is the result of
applying a value between 0 and 255 for each of the three color planes
(red, green, and blue). If the three planes have the identical value, then
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a gray level is obtained (0 specifies black and 255 specifies white). This
output is to be directly connected to the infator Palette of IMAQ
WindDraw.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

IMAQ PaletteTolerance (Macintosh/Power Macintosh only)

Defines the tolerance for the colors associated to an image window.

Wwindow Mumber [0..18] — (e
Exact/Tolerant? [Tolerant] - B8 1h
2rrar in [ho ermar] erar oLt
Note: This VI is specific to Macintosh or Power Macintosh users of
IMAQ Vision.
Note: This VI is useful only if the display is limited to 8 bits (256 colors or gray

scales). By changing the palette tolerance using this VI, you can display a
full palette of 256 colors (or gray scales) even with an 8-bit display mode.

Window Number (0...15)is a number from 0 to 15 that specifies the
image window. The default value is 0.

Exact/Tolerant? (Tolerant) sets the tolerance level of the image
window. In the Exact mode, 256 colors are associated with an image
window (and therefore the other inactive image windows temporarily
lose their color). In Exact mode the user can have 256 colors or gray
scale even when the display is limited to 8 bits. The user only has a
limited number (about 12) of gray scales or colors when working under
LabVIEW in the Tolerant mode while in 8-bit display mode. The
default mode is Tolerant.
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error in (no error) is a cluster that describes the error status before this

o . ) ) .
= VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Display (Tools)

This library enables the user to perform the following functions:

» Select a region tool for defining an ROI
* Manage a standard palette of display tools

» Retrieve both the events generated by a user and the associated data
from an image window

With IMAQ WindToolStatus you can select from a number of region
tools including: point, line, rectangle, oyalolygonand freehand.

With these tools you can decide which sub-region of an image to
analyze or process. These selected regions then can be transformed into
an image mask with IMAQ WinGetROI and IMAQ ROIToMask.

It is possible to program a region by using the VIs IMAQ MaskToROlI
and IMAQ WindSetROlI.

Also you can configure a floating palette of tools from which you can
choose a tool by clicking its icon. This palette displays the coordinates
of the cursor within the image and the parameters of the active region.

You can also magnify (zoom) an image.

IMAQ WindLastEvent is used to retrieve and manage the events
resulting from the interaction in an image window.
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The following figure illustrates the possible interactions found between
a user, IMAQ Vision, and LabVIEW or BridgeVIEW.

—d
Tool — ?i ﬁj'“
Selection 'E:_:] 5_{ ;__:#
Region l:
Selection 'ﬁ?
"
Y

B2 Image

Command Selection

Action Command

<¢—/ IMAQ Vision
Display (basics)
Display (tools)
Display (user)

LabVIEW or
BridgeVIEW
Application

Event Event
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IMAQ WindToolsSetup

Configures the appearance and availability of the region tools found in the WindTools
palette. By default, with no input connections, a palette is displayed containing all nine
region tools. The WindTools palette is a floating palette and is always visible.

(8]

Show Coordinates? [T] e :
Tools =T
lconz per Line [4] —— 8 44
error in [no ermor| error out
Show Coordinates? (T)specifies if the active pixel coordinates are

shown. Coordinates are shown (TRUE) by default.

Note: Unlike an image window, the WindTools window is not visible unless
activated by calling IMAQ WindToolsShow.

Note: You must have LabVIEW version 3.1 (or higher) to access the
pixel-coordinate and parameter information.

[u32] Tools specifies which icons are displayed in the WindTools window.
There are seven region tools available:

Number | Icon Tool Name Function
0 NA No Selection NA
1 ) Point Select a pixel in the image.
2 Line Draw a line in the image.

Rectangle Draw a rectangle (or square) in the image.

4 ———| Oval Draw an oval (or circle) in the image.
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Number | Icon Tool Name Function
5 —| Polygon Draw a polygon in the image.
P
6 g Free Draw a freehand region in the image
7 NA Unused 1 NA.
8 Zoom Zoom-in or zoom-out in an image.
9 NA Unused 2 NA.
10 Broken Line Draw a broken line in the image.
11 Free Hand Line Draw a free hand line in the image.

Icons per Lin_e (4)determines the nL_meer of icons per line. Th_e_
subsequent lines are set as a function of the number of remaining
available icons.

Note: The WindTools palette automatically displays cursor information if the

input Icons per Lings set to 3 (or higher) for the Macintosh version and 4
(or higher) for the Windows version.

With IMAQ WindLastEvent you can find the coordinates of a selected region.

The functionality of region tools can be altered by using a tool while pressing certain
keyboard keys. Keyboard options are the same for all platforms:

<Shift> before a<Click> adds an ROI.
<Shift>  while drawing constrains square angles.
<Control> before a<Click> displaces an ROI.

<Control> and<Click> while drawing produces the last point of a polygon.
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The following examples of the WindTools palette have three icons per line.

—— Image-type indicator (8-bit, 16-bit, RGB)

—— Pixel intensity

<+—]— Coordinates of a region within an image

—— Anchoring coordinates of a region

<—]— Size of an active region

r

<—F— Length and vertical displacement angle
of a line region

F
S o el B

The WindTools palette on the left is transformed automatically to the palette on the right
when the user manipulates a region tool in an image window.

IMAQ WindToolsSelect

Obtains or modifies the status of the region tools.

Tool (Faint) fr Tool
Get/Set Statuz? [Sef] -l 8 1h
error in [no ermor| error out
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Tool (Point) can have the following values:

Number | Icon Tool Name Function

0 NA No Selection NA.

1 Point Select a pixel in the image.

2 —| Line Draw a line in the image.

3 —| Rectangle Draw a rectangle or square in the image.
q._.l

4 ——_| Oval Draw an oval or circle in the image.
L

5 ——| Polygon Draw a polygon in the image.
P

6 gy Free Draw a freehand region in the image
e

7 NA | Unused1 NA.

8 Zoom Zoom-in or zoom-out in an image.

9 NA | Unused 2 NA.

10 Broken Line Draw a broken line in the image.

11 Free Hand Line Draw a free hand line in the image.
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Get/Set Status? (Set¥pecifies if the user wants to know the present
status or modify the status of the available region tools. The default is
TRUE (Set).

error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts
Tool returns the chosen region tool.
) error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts
Note: This VI can be used even if the WindTools palette is not displayed.
IMAQ WindToolsShow

Shows or hides the&/indTools palette and sets the region status. This VI functions in the
same way as IMAQ WindShow, which is used for displaying image windows.

Hide/5how [Show] Wigible?
Get/Set Statuzy [Set] -~ B8 1h
error in [no ermor| error out
Hide/Show (Show)specifies whether the tools palette is visible. Use
this input only wherGet/Set Status (Set)s TRUE (Set).
Get/Set Status (Setypecifies if the user wants to know the present
status or modify the status of the available region tools. The default is
TRUE (Set).
o errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Visible? returns the present visibility status of the tools palette. A

visible tools palette returns TRUE.
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ WindToolsMove

Obtains or sets the position of tténdTools palette. This VI functions in the same way
as IMAQ WindMove, which is used for moving image windows.

(2]

Coordinates =T Coordinates
Get/Set Statuz? [Sef] -~ B 1h
Ermar in (o errar) erar oLt

Coordinatesis a structure that contains the screen coordinates (in X
and Y positions) where the tools palette is located or where the tools
palette will be placed. This input is necessary only whetiSet Status
(Set)is set to TRUE (Set).

Get/Set Status (Setypecifies if the user wants to know the present
status or modify the status of the available region tools. The default is
TRUE (Set).

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Coordinatesindicates the relative position of the event.
=T error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ WindToolsClose

Closes th&VindTools window. This VI functions in the same way as IMAQ WindClose,
which is used for closing image windows. Note that this function also destroys the space
reserved in memory for th&indTools window.

(8]

=
B 5h
Errar in (o errar) errar oLt
e error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts
error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
IMAQ WindLastEvent
Returns the events generated through the image windows as well as the data associated
with them.
— Window Mumnber [0...15)
Ewents list [all] Ewvent
ai—l_ Toel
_l_ Coordinates
eror in [no errar EEEEJ_L:_ Other Parameters
error ouk
[U32] Event list (all) specifies which events to obtain. The default case

returns all events generated through the image windows as well as the
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data associated with them. This VI enables you to specify the image
window events that interest you.

0 No event No event.

1 Click event A user has clicked in an image window.

2 Draw event A user has drawn in an image window.

3 Move event A user has moved an image window.

4 Size event A user has resized an image window.

5 Scroll event A user has moved the scroll bars in an image window.

6 Activate event A user has chosen (clicked once to activate) an image
window.

7 Close event A user has closed an image window.

8 Reserved

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section

IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Window Number (0...15)indicates the image window that is queried
for events.

Eventindicates the type of event.

Tool returns a code indicating the region tool used.

Coordinatesindicates the relative position of the event.

ot
&
M

Other Parameterssupplies information associated with an event, such

[sGL gk .
as positioning and region distances.

—_
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The following table describes the possible values folENent, Tool,
Coordinates andOther Parametersindicators.
Event Tool Coordinates Other Parameters
0 None NA empty empty
1 Click 0 Cursor [0, 1] position &, y) of click [0,1,2] pixelvalue*
8 Zoom [0, 1] position of click [0] zoom factor
[2, 3] position of image center
2 Draw 1 Line [0, 1] position of starting point| [0, 1] width and height
[2, 3] position of ending point| [2] vertical segment
angle
[3] segment length
2 Rectangl§ [0...3] bounding rectangle [0, 1] width and height
3 Oval [0...3] bounding rectangle [0, 1] width and height
4 Polygon | [0...3] bounding rectangle [0, 1] width and height
5 Freehand [0...3] bounding rectangle [0, 1] width and height
3 Move NA [0, 1] position of image windoy empty
4 Size NA [0,1] width and height ofimag, empty
window
5 Scroll NA [0, 1] center position of image| empty
6 Activate NA empty empty
7 Close NA empty empty

* Pixel values are stored in the first element of the array for 8-bit, 16-bit, and floating-point images. The RGB veloegwdges are
stored in the order [0, 1, 2]. The real and imaginary values of a complex image are stored in the order [0, 1].

error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section

IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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The following graphic illustrates how to use IMAQ WindLastEvent.

IMAGind T oolsSetup Case of Draw Event
ET " |‘.'."1'nl:ll:-w number where the event appeared|
2 1h -

'ﬁ [Event (Click, Draw, Mave, Resize, Sorall, Activate, Close)

%‘ |T-:n:|1 uzed for Drawing (Line, Rectangle, etc...)|
MR ind TanolsShow|s: |8 €8 2

— |Draw Coordinates in the 'in'nage-|

o E—ﬁ |'w'idth & Height + Other parameters if Tools is a Line.l

IMAQ WindZoom

Obtains or modifies the status of the zoom factor.

Window Mumber [0...15] —————
Zoom Factor C}\ Zoom Factor
Center Point === 2 Y Center Paint
Get/Set Status? (Set] -
ermar in [no erar] error oLt

Window Number (0...15)is a number from 0 to 15 that specifies the
image window. The default value is 0.

Zoom Factor can have the following values: 1 to 16 and —1 to —16. The
default value is 1 (image is displayed at its original size).

Center Pointis a structure containing two elements containing the

(x, y) coordinates used to center the image in the image window. This
enables the user to center an image with respect to a user-chosen region.
Additionally, Center Point can be used to place only a part of an image
into an image window.

This value is adjusted automatically wh&anter Pointis not coherent with the size of
the image window and the zoom factor. For example, an image at 256 x 256 displayed in
an image window of 256 x 256 containing a zoom factor of 1 by definition has a single
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Center point of (127, 127). An erroneously entered figure is corrected automatically,
making the output value different than the input value.

Get/Set Status? (Set¥pecifies if the user wants to know the present
status or modify th&@oom Factor andCenter Point. The default is
TRUE (Set).

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Zoom Factor returns the present zoom factor.

Center Pointreturns the present coordinates of @enter Point.

Ei error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
IMAQ WindGrid

Obtains or modifies the status of the grid. The grid can be used to help trace a region of
interest accurately.

(8]

Gnd Size a8t [and Size
Get/Set Status? [Set] - 8 th
ermar in [ho erar) errar oLt
Grid Sizeis a structure containing two elements that encode the size of

the horizontal and vertical steps for the grid. The cursor is moved by
steps, as defined in this VI, when tracing a region of interest. The
default value is (1, 1).

Get/Set Status? (Set¥pecifies whether the user wants to know the
present status or modify the step values for the grid. The default is
TRUE (Set).
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errorin (no error) is a cluster that describes the error status before this

Sa o
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Grid Size returns the present grid-step size.
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Regions of Interest

Regions of interest can be used to focus your processing and analysis
on part of an image. An ROI can be traced using standard contours
(oval, rectangle, and so forth) or free contours (freehand). The

IMAQ Vision user has the following options:

« Associate an ROI with an image window

e Extract an ROI associated with an image window
e Erase the current ROI from an image window

e Transform an ROI into an image mask

e Transform an image mask into an ROI

An image mask that is converted into an ROI must support an offset.
The offset is used to place a newly converted ROI into the space of
another image. This offset associates the ROl with an image window
that possesses the image data. The offset defines the upper left hand
corner coordinatex(y) for the bounding rectangle belonging to the
ROI. The default value of the offset is (0, 0).

RO =

Image with an ROI Mask without Offset Mask with Offset
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(Advanced users only) THROI Descriptor cluster contains the
following two elements:

* Bounding rectanglefor an ROI
e Regions list which contains

e contour identifier, where0 specifies an exterior contour and
1 specifies an interior contour,

e contour type (point, line, rectangle, oval, freehand, and so
forth), and

» list of points (x, y) describing the contour.

IMAQ WindGetROI

Returns the descriptor for an ROI.

Wfindow Mumber [0...15] L ROl Descriptor

ermar in (o errar] errar oLt

Window Number (0...15)is a number from 0 to 15 that specifies the
image window. The default value is 0.

error in (no error) is a cluster that describes the error status before this

55
= VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
ROI Descriptor returns the descriptor for an ROI.
) error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ WindSetROI

Associates an ROI with an image window.

Window Mumber [(0..15) —— L7571
ROl Descriptor ==& {4

&rar in (o errar) errar oLt

Window Number (0...15)is a number from 0 to 15 that specifies the
image window. The default value is 0.

ROI Descriptor is the descriptor that defines the region of interest that

is associated with an image window.

errorin (no error) is a cluster that describes the error status before this

San
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The following graphic illustrates how an ROI can be created from events generated in an
image window.

IMADY indTool=Setup
g B Case of Point Tool
|Ima§e Sr-:,: N "

IMAD ind ToolsShow IMAW ind SetRO|

—-——

----- F] 7 poil
—| T e R

' = & | [naartagicwand
Image Mask [MAQMaskToROI
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This example creates a very useful type of ROI called Magic Wand. A Magic Wand is a
technique of selecting an ROI based on the pixel intensity value selected by the user. A
Magic Wand ROI selects the contours of those pixels with values that fall in the range
determined by an input pixel value. In this example IMAQ WindLastEvent is used to
retrieve the pixel value directly from a user click in an image window. This value is
released to the Tools VI IMAQ MagicWand which creates an image mask based on the
input pixel value and a tolerance level also set in IMAQ MagicWand. The mask is then
transformed into an ROI (IMAQ MaskToROI and IMAQ WindSetROl).

IMAQ WindEraseROI

Erases the active region of interest associated with an image window.

Wwindpw Number ;:]ﬂ
=]
&Irar in [ho errar] ermor out
Window Number (0...15)is a number from 0 to 15 that specifies the

image window. The default value is 0.

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Note: You can erase an ROl in an image window by pressiBjckspace> when
the current image window is active.
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IMAQ ROIToMask

Transforms a region of interest into a mask.

(=]
bl

Image Model
Image s |
ROI Descriptor ===\ #¥,
Filling *alue [256) —
efrar in [ho error) error out

Image Out
Coordinates out of space’?

= Image Modelserves as a template for the destination image where the
mask is placedmage takes the characteristics lwhage Model (size
and location of ROI) whelmage Modelis connected. However, the
connection olmage Modelis optional. This can be any image type
supported byMAQ Vision .

Image is the destination image where the mask is copied. This image
must be an 8-bit image type.

ROI Descriptor is the descriptor that defines the region of interest.

Filling Value (255)is the pixel value of the mask. All pixels inside the
region of interest take this value. The default value is 255.

H [ B

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

':n.

Image Outis the reference to the image mask transformed from the
ROI descriptor.

Coordinates out of space?eturns TRUE if any ROI data is found
outside the space associated with the image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

m

You can use this VI in two ways. The simplest technique is to connect the imgpye
Model. In this case you can use the source image, in which the image ROI was drawn, as
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a template for the final destination image by connectinglintige Model. The output
image (mage Out) automatically acquires the size of the image and location of the ROI
as found in the original source image.

However, you do not have to connectlarage Model. In this case the ROI requires an
offset that is determined automatically from the upper-left corner of the bounding
rectangle described by the ROI. The bounding-rectangle information is partR®the
Descriptor.

IMAQ MaskToROI

Transforms an image mask into a region of interest.

[=2]
=3

External edges only [T] = .
Image L LA ROl Descriptor
kaw number of vectorz in RO 8 £hi-

Ermar in (o error) errar oLk

T External edges only (T)specifies whether only the external edges are
transformed. The default is TRUE

Imageis the image containing the image mask that is transformed into
a region of interest. This image must be an 8-bit image.

Max number of vectors in ROl is the limit of points that define the
contour of a region of interest. This value is 2500 by default but can be
increased if necessary.

ERENE

ROI Descriptor returns the descriptor for a region of interest.

—
10
=]
ol

—

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Display (User)

This library enables the advanced user to create and manipulate user
windows. These palettes (user windows) are defined by the user and can
be used to create sophisticated applications. The user window is
constructed from two images that are dynamically loaded. Within these
images there are definedneghat respond to a user click, just like the
buttons in LabVIEW or BridgeVIEW. These zones can be used to
control events and their actions interpreted and processed by LabVIEW
or BridgeVIEW.

These palettes are created in the following manner:

* Loading a foreground image that appears when a zone has not been
chosen

« Loading a background image that appears when a zone has been
chosen

* Specifying the coordinates of the zones and tineichanical action
(how they function)

IMAQ WindUserSetup

Loads and configures the user window.

Window Mumber [17...22]
Foreground Image ===
B ackground Image _I_"Eé-?h
User Mechanical Actions .="=
Uszer Rectangles
erar in [ho errar)

errar out

Window Number (17...22)is a number from 17 to 22 that specifies the
user window. It is possible to manipulate six different user windows.
The default value is 17.

Foreground Imageis an 8-bit or RGB user image. The corresponding
part of the image is displayed when a zone within this image is FALSE.

= Background Imageis an 8-bit or RGB user image. The corresponding
part of the image is displayed when a zone within this image is TRUE.
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[Us2] User Mechanical Actionsspecifies the method of operation of each
zone Two modes are possible:

0 Switch The first click causes the zone to change to TRNE
second click on the same zone causes it to change to

FALSE.
1 Latch A click on the zone causes it to change to TRUE
temporarily.
Note: In both cases the status of the zone can be determined using IMAQ

WindUserEvent or IMAQ WindUserStatus.

152 User Rectangless a 2D array that defines the coordinates of each zone
in the user window. Each line in this array must contain the four
coordinates that specify the position of the zone.

/i
—_

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ WindUserStatus

Obtains or modifies the status of each zone in a user window.

(8]

Window Mumber [17...22] ——
Region Statuz M=y Region Status
GetSet Status? [Set] - 8 th
ermar in (o erar) errar oLt
Window Number (17...22)is a number from 17 to 22 that specifies the

user window. The default value is 17.

[TF] Region Statusmodifies the status of a user zone (TRUE or FALSE)
when the inpuGet/Set Statusds TRUE (Set).

IMAQ Vision for G Reference Manual 12-30 © MNational Instruments Corporation



Chapter 12 Display

Get/Set Status? (Set¥pecifies whether the user needs to know the
present status or modify the status of the zones. The default is
TRUE (Set).

TF

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming

Concepts

[TF] Regions Statugeturns the present status (TRUE or FALSE) of
each zone.

== error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ WindUserShow

Obtains or modifies the status regarding the visibility of a user window. This VI functions
in the same way as IMAQ WindShow, which is used for displaying image windows.

8]

Window Mumber [17...22] ————
Hide/Shaw [Shaw] Qﬂ Yizible?
GetSet Status? [Set] - 2 1h
2Irar in [ho ermar] eror oLt

Window Number (17...22)is a number from 17 to 22 that specifies the
user window. The default value is 17.

F Hide/Show (Show)specifies whether the tools palette is visible. Use
this input only wherGet/Set Status (Set)s TRUE (Set).

3 Get/Set Status? (Set¥pecifies whether the user needs to know the
present status or modify the status of the zones. The default is
TRUE (Set).

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

':n.
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[TF]

Visible? returns the present visibility status of the tools palette. A
visible tools palette returns TRUE.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ WindUserMove

Obtains or sets the position of a user window. This VI functions in the same way as
IMAQ WindMove, which is used for moving image windows.

I

F

(4]

Window Mumber [17...22] ——
Coordinates Emc Coordinates
Get/Set Status? [Set] - 8 1h

&rar in [ho ermar]

errar out

Window Number (17...22)is a number from 17 to 22 that specifies the
user window. The default value is 17.

Coordinatesis a structure that contains the screen coordinates (in X
and Y positions) where the tools palette is located or where the tools
palette will be placed. This input is necessary only whetiSet Status
(Set)is set to TRUE (Set).

Get/Set Status? (Set¥pecifies whether the user needs to know the
present status or modify the status of the zones. The default is
TRUE (Set).

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Coordinatesindicates the relative position of the event.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ WindUserClose

Closes a user window. This VI functions in the same way as IMAQ WindClose, which is
used for closing image windows.

8]

window Hurmber [17...22] —— i &y
Cloze Al wWindows? [W] - 8 th
eror in [no ermor| error aut

Window Number (17...22)is a number from 17 to 22 that specifies the
user window. The default value is 17.

T Close All Windows? (N)specifies if all the image windows are to be
closed. The default value FALSE (No) closes only the specified
window. Setting this value to TRUE closes all windows simultaneously.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

== error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts
IMAQ WindUserEvent
Returns the events generated through the user windows and the data associated
with them.
Window Mumber [17...22]
@0(2' ................. zer Click
= | Izer Mumber
) e |ger State
error in [no error) erar ouk
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error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Window Number (17...22)indicates the image window that is queried
for events.

¥ User Click returns TRUE if a zone has been chosen by a user.

User Statereturns the present status (TRUE or FALSE) of each zone.
after a click has been registered. This output is by definition TRUE
when the Mechanical Action of the zone is Latch; reading this event
causes the zone to pass to FALSE.

User Numberreturns the zone number chosen by the user.

=T error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Display (Special)

The Display (special) library contains 12 new VIs that help you make
more sophisticated user front panels.

IMAQ WindSetup

Configures the look and attributes of an image window

tfindow Number [0...22] ———
Window can grow? [Tes)
window can cloze? [ves] ~
Window haz bitle bar? [v'es]
Window iz floating? [Ma] -
erar in (o errar)

errar out

Window Number (0...22)selects the window to configure. The default
is 0.
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Window can grow? (Yes)enables or disables the user resize window
box. Default is TRUE, which indicates windows the user can resize.
Window can close? (Yesy(hows or does not show the close box of the
window. The default is TRUE, which shows the close box.
Window has title bar? (Yes)shows or does not show the title bar. The
default is TRUE, which shows the title bar.
Window is floating? (No) produces either a normal or a floating
window. The default is FALSE, which produces a floating window.
error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

== error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ WindGetMouse

When the mouse is moved over an active window, this VI returns the window number
and the mouse coordinates.

8]

Window Murmber
# mauge coordinate

— % mouze coordinate

ermar in [ho erar] erar oLt

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Window Number gives the number of active windows.

X mouse coordinategives the X coordinate of the mouse in the

active screen.
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Y mouse coordinategives the Y coordinate of the mouse in the
active screen.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ WindROIColor

Selects the color of ROI lines.

Color of ROI (white] === I3 23

Errar in (o errar) error oLk

Color of ROI is a cluster that specifies the color of the ROI. The default
color is white.

Red gives the red plane intensity. The default is 255.
Green gives the green plane intensity. The default is 255.
Blue gives the blue plane intensity. The default is 255.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

= error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ WindDrawRect

Refreshes a rectangle in an image window. The advantage of this VI is that refreshing
part of an image is always faster than drawing the whole image.

8]

Window Mumber [0...15]
Update Rectangle B8 th
error in [no ermor) error aut

Window Number (0...15) selects the window to refresh. The default
is 0.

the rectangle to be refreshed (Left / Top / Right / Bottom).

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Update Rectangleis an array of elements. They are the coordinates of

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator,see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Note: There is a direct relationship between a window number and the last drawn

image. Therefore, specifying only the window number is enough to know
which image is to be refreshed.

IMAQ GetScreenSize

Returns the screen size in pixels.

Fief. Paint ¥ =] Screan Width
Fef. Paointy ——@ £h Screen Height
errar in (o erar) ! error oLt
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Ref. Point X. Unused.
Ref. Point Y. Unused.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Screen Width gives the X size of screen.

Screen Heightgives the Y size of screen.

Ei error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ WindXYZoom

This VI is similar tolMAQ WindZoom , but allows the user to zoom the image at
different scales in X and Y. IMAQ WindXYZoom produces rectangular pixels in
displaying the image.

(8]

Wiindow Mumber [[0...15)
ZoomF actars ¥ and v ZoomFactors = and v

Center Point =====gy £} Center Point
Get/Set Status? (Sef] T

2Irar in [ho ermar]

errar out

Window number (0...15)is a number that specifies the image window.
The default value is 0.
ZoomFactors X and Yis a cluster containing the zoom factors for X
and Y scale.
Zoom Factor X ranges from —16 to +16.
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Zoom Factor Y ranges from —16 to +16.

Center Pointis a structure containing two elements that describe the
(x, y) coordinates used to center the image in the image window. Using
Center Point, you can center an image with respect to a user-chosen
region. Additionally, you can uggenter Point to place only a part of
an image into an image window.

X is the horizontal coordinate of the center point.
Y is the vertical coordinate of the center point.

This value is adjusted automatically in cases in whiclCigter Point
value is not coherent with the size of the image window and zoom
factor. For example, an image at 256 x 256 displayed in an image
window of 256 x 256 containing a zoom factor of (1, 1) by definition
has a singl€enter Point of (127, 127). An erroneously entered value
is corrected, which produces an output value that is different than the
input value.

Get/Set Status? (Set¥pecifies whether the user wants to know the
present status or modify tiom Factor andCenter Point.

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Zoom Factors X and Yreturns the actualoom Factor in both the
axis.
Zoom Factor X returns the horizontadoom Factor.
Zoom Factor Y returns the verticafoom Factor.

Center Point returns the actuaenter Point.

X is the horizontal coordinate.
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Y is the vertical coordinate.
error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Note: The interactive zoom tool produces the same results as a homogeneous X

and Y zoom: it doubles (or reduces, by shift-clicking) the dimensions of the

pixels in the image window by a factor of 2. For example, if you have a

5 x 3 zoom and you click with the zoom tool, you produce a 10 x 6 zoom. If
you shift-click, you produce a 2 x 1 zoom. Note that zoom is bounded by the
highest absolute value in X or Y: if you have a 10 x 2, you cannot zoom in

because the double of 10 is greater than 16.

IMAQ SetUserPen

Defines a pen with user specified features. The user pen affects each region tracked with
the freehand tools. No other ROI selection tools work with user pen.

Paint mode

Pen transfer mode
Pen shle ——— |

Foreground color
B ackground color

Pen pattern [3x8) efrar ouk
Uszer pen active ¥ [na)
Pen width
&frar in [ho errar
Paint modeindicates the mode of painting in zoom moéaint mode

has three possible values: don't change, Paint, or Frame.

Note: This mode is useful only in positive zoom mode greater than 3: in this mode
the ROI is tracked using pen size 1 and ignoring the pen width value.

Pen transfer modedescribes the mode in which the foreground and the
background of the pen affect the imaBen transfer modehas five
possible values:

don't change (Default)
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srcCopy Overwrites the background and foreground with
specified colors.

srcOr Overwrites only the foreground.

srxXor Inverts the pixels below the foreground pixels. The new
value equals 255 minus the old value; this operation
occurs for each plane of an RGB image.

srcBic Forces the background color on foreground pixels.

Pen stylespecifies the pen styl®en Stylehas six possible values:
Don’t change, Solid, Dash, Dot, DashDot, and DashDotDot.

Foreground color specifies the color of the foreground pixels. Use a
LabVIEW or BridgeVIEW color box for color specification.

Background color specifies the color of the background pixels. Use a
LabVIEW or BridgeVIEW color box for color specification.

Pen pattern (8x8) This Boolean 2D array describes the pattern
associated with the user pen. TRUE value is associated to foreground,
while FALSE is associated to background. The pattern is always an

8 x 8 matrix. The default is FALSE, which specifies that the current
pattern is not changed.

| |
-
—_

User pen active? (noenables the pen when set to TRUE. The default
value is FALSE, which specifies the use of the standard pen.
Pen width specifies the pen width. The default value is 0, which

specifies no change.

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts
error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Note: In zoom mode greater than 3, the valuesRdint modeand Pen Styleare
ignored.
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IMAQ GetUserPen

Returns the user pen status.

Paint mode

Fen transfer mode
[ Penshyle
” Foreground color
. L Background color
2Iror i [no ernor] === 2 42 Pen patterm
e | lger pen achive
Fen width
error aut

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Paint modeis used for zoom factors greater than 3. If the value is Paint,

the rectangles which compose the ROI bounds are painted; if the value
if Frame, these rectangles are framed (only the contour is traced).

Pen transfer modeis the actual transfer modeen transfer modehas
four possible values:

srcCopy Overwrites the background and foreground with
specified colors.
srcOr Overwrites only the foreground.

srxxor Inverts the pixels below the foreground pixels. The new
value equals 255 minus the old value; this operation
occurs for each plane of an RGB image.

srcBic Forces the background color on foreground pixels.

Pen styleis the actual pen styl®en Stylehas five possible values:
Solid, Dash, Dot, DashDot, and DashDotDot.

Foreground color is the actual foreground color.
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Background color is the actual background color.

Foreground color is the actual foreground color.

[TF] Pen patternis the actual pen pattern. TRUE values are assigned to the
foreground while FALSE values are assigned to the background. The
pattern size is a 8 x 8 2D array.

User pen active If TRUE, the user pen is active.
Pen width is the actual pen width.
=T error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ SetupBrush

Configures the shape of a brush used in ROI tracing in conjunction with freehand tools.
A brush is a mask that indicates the neighborhood of pixels that are colored when
painting. Normally you use a brush in which the only pixel involved in drawing is the one
under the cursor. However, with this VI you can define any shape.

8]

Coalar LUT
Get/Set 7 [Set] i
Bruzh shape in S Bruzh shape out

Bruzh element size in =2 E= Bruzh element size out
Bruzh Parameters in mrm e {hnmLﬂ Bruzh Parameters out

EBrush active? [False] - e Bigsh active out
2Irar i [ho eror) error out
Note: Do not use this VI in zoom mode.
Color LUT is an array of clusters with the following fieldgixvalue,

R, G, andB. This array of clusters changes the value of a pixel in the
image, making a multicolored brush possible. The new pixel value is

© National Instruments Corporation 12-43 IMAQ Vision for G Reference Manual



Chapter 12 Display

given byPixvalue. On the display window, the appearance of this pixel
changes to the color specified By G, andB.

This array has 256 clusters, each containing the following fields.

Pixvalue. This field indicates the new pixel value. Pixels
affected include those in the last image connected to the

window specified by the paramet®rush Window. When

touched by the brush, each pixel that has a value equal to the

array entry is changed. For example, if entry 7 ofGloéor

LUT array parameter specifiedPaxvalue of 127, every pixel

with a value of 7 that the brush touches is changed to 127.

R, G, andB. These three parameters specify the color on the
display window of pixels that have a value equaPiovalue.

For example, if entry 7 of th€olor LUT array parameter

specifies R = 255,G = 0,B = 0), every pixel with value 7 that

the brush touches is painted red.

Get/Set? (Setppecifies that input parameters are set when the value is
TRUE (Set). If the value is FALSE (Get), input parameters are ignored.
Output parameters are always effective.

I
-

[TF] Brush shape in This Boolean 2D array specifies the shape of the brush.
TRUE values (in conjunction with brush width) define the pixels that
are affected in your drawing. If your shape is described in a 3 x 3 grid,
use a pen size of 3 for viewing a complete portion of the shape. If all
values are FALSE, the brush shape is not changed.

Brush element size irspecifies parameters that define the dimension of
the brush element.

= Brush Parameters in is a cluster consisting of the following
parameters.
Brush Window is the number of the window in which the

brush is active.

Density is a parameter with a value between 1 and 100 that
defines the probability¥/100) that a pixel will be written. Use
this parameter to generate spray effects.

Left 1 pix? (No) is a Boolean that specifies whether a
separation pixel is used between brush elements.
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Synchronous.If this parameter is TRUE, the drawing of the
brush is denied until the previous ROI is recovered using
IMAQ WindGetROI. Use this parameter to synchronize brush
drawing with ROI recovering.

TF Brush active? (False)activates or deactivates the special brush feature.

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Brush shape outindicates the current shape of the brush.

Brush element size outndicates the X and Y dimensions of the brush.

Brush Parameters outindicates the current settings of the brush
parameter8rush Window, Density, Left 1 Pix? (No),and
Synchronous

Brush active outindicates whether the brush is active.

I'l'l o I I'l'l
| -

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9| Overview and Programming
Concepts

':n.
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IMAQ GetLastKey
Returns the last key pressed when the focus was on the window indicate d\indoev
ID input.
Window number
P [ K.ey prezent
[ Ky prezsed
b odifiers
EM1ar in (o error) error ot
error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Window number indicates the window in which the key was caught.

T Key present If TRUE, a new key was pressed. If FALSE, no new keys
were pressed and the VI returns the last key pressed.

Key pressedindicates the last key pressed.

Modifiers specifies a set of flags that identifies the modifiers. Some
flags are platform dependent.

* Option

e Shift

e Caps Lock
« Cmd

« Citrl

* Menu

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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This chapter describes the Tool VIs used in IMAQ Vision for G.

Tools (Image)

IMAQ Copy

Copies the specifications and pixels of one image into another image of the same type.
This function is used for keeping an original copy of an image (for example, before
processing an image).

BB G A

Image Src Image Dt Out
Image D st
errar in [ho erar] 1 B errar oLt

Image Srcis the reference to the source (input) image.
= Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src
error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
=T Image Dst Outis the reference to the destination (output) image which

receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referencedlbyage Src
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error out is a cluster that describes the error status after this VI

EE
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
= Note: The images to be copied must be the same type. The full definition of the

source image as well as the pixel data are copied to the destination image.
The border size of the destination image also is modified to be equal to that
of the source image.

IMAQ GetimageSize

Gives information regarding the size (resolution) of the image.

(5] bel (R [z ) [2]

Image i frd # Reszalution
£h—"% Resolution
error in [no emor] error out
o Image is the reference to the image whose size has to be determined.
error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

X Resolutiongives the number of pixels per line.

Y Resolutiongives the number of pixels per column.

e error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ SetimageSize

Modifies the resolution of an image.
(=] re] [ [£] 4]

Image i Image Out
X Resolution £h
Y Resolution
errar in [rho erar] ermar oLt

Image is the reference to the image whose size has to be modified.

X Resolution gives the new horizontal resolution of the image.

Y Resolutiongives the new vertical resolution of the image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

A HHEE

Image Outis the reference to the image whose size is modified to a
resolution specified by the ResolutionandY Resolution parameters.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IRE

Note: This function reuses the space previously occupied by the pixels of the
image. This function is used in preparation for a fill-in and does not
transfer the original image into a new memory space. The original image
is lost.
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IMAQ Extract

Extracts (reduces) an image or part of an image with adjustment of the horizontal and
vertical resolution.

BB

I32

/
—_

HEE

(2]

Optichal Rectangle ———
Image Src %] Image Dst Out

Image Dt =F
* Step Size f £h
Y Step Size

EMar in (o error)

errar out

Optional Rectangledefines an array (four elements) containing the
coordinates (Left / Top / Right / Bottom) of the region to extract. The
operation is applied to the entire image if the input is empty or not
connected.

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

X Step Sizeis the vertical sampling step, which defines the columns to
be extracted (the horizontal reduction ratio). For example, with an

X Step Sizeequal to 3, one out of every three columns is extracted from
thelmage Srcinto thelmage Dst Each column is extracted if the
default value (1) is used.

Y Step Sizeis the horizontal sampling step, which defines the lines to
be extracted (the vertical reduction ratio). Each row is extracted if the
default value (1) is used.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst

Out refers to the image referencedlbyage Src
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=mo

For example, if a 512 x 512 image is connected anXtBep SizeandY Step Sizeare
both equal to 2, then the resulting image has a resolution of 256 x 256. The resulting
image contains the lines from threage SrcO, 2, 4, ..., 510 and the columns

0, 2, 4, ..., 510 from thémage Src

The input images must be of the same image type.

The following graphic illustrates an extraction of an image whe&tep Sizeequals 2
andY Step Sizeequals 3.

0,0 1,0 20 30

oo|io0]z0lz0
Extract i
01 1,1 21 31 —_— (1,113

oz|1,2|22|5z

0,2 1,2 2.2 a2

il

IMAQ Expand

Expands (duplicates) an image or part of an image with adjustment of the horizontal and
vertical resolution.

BEIGE]= 2]

O ptional Rectange ———
Image Src o+ Image Dt Out

Image Dzt =F *
# Duplication Step f @ £3
' Duplication Step m]-Em errar aut
error in [ho ermor)

Optional Rectangledefines an array (four elements) containing the
coordinates (Left / Top / Right / Bottom) of the region to expand. The
operation is applied to the entire image if the input is empty or not
connected.

[132]
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4B E

o

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

X Duplication Step specifies the number of pixel duplications per
column. The column is recopied if the default value (1) is used.

Y Duplication Step specifies the number of pixel duplications per line.
The row is recopied if the default value (1) is used.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same asnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

For example, if a 256 x 256 image is connected an& tbaplication Step and
Y Duplication Step are both equal to 2, then the resulting image has a resolution of
512 x 512. Each pixel in the original image now is represented by four pixels in new

image (2 x 2).

The input images must be of the same image type.
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The following graphic illustrates an expansion of an image wKdbeplication Step
equals 2 and Duplication Step equals 3.

oo|no| 10| Lol zof2o|z0| g0
oo|oo| 10| Lofzofzo|s0| 50
oo|oa| 1,0 Lol 2ol 20l 30| 30
RRR IR RN E-R 1 BN B

il i il

oo 1,0 2030
Rl Expand

a1f11

) il

21|31

il

w

o2 1,2|2,2|532 oo 1,1

il »

Alz121]31] 21

IR IERIERIER =R R N
o2|oz|1,2| 12| 22| 22| 32| 32
o202 1,2| 12| 22| 22| 32| 32

o202 1,2|1,2| 22| 22| 52| 52

IMAQ GetOffset

Returns the position of an image mask in relation to the origin of the coordinate system
(0, 0). The default offset value [0, 0] is established when the image is initially created by
IMAQ Create. The offset is used only for masked images. With this offset, the mask can
be moved to any location in the image without having to create a new image for

each mask.

[2][2)

Image 2 = Offzet
@ fh—— Offzet
&rrar in [ho ermar] 2ror oLt

Image is the reference to the source (input) image.

Can
error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
X Offset specifies the horizontal offset of the image mask.
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Y Offset specifies the vertical offset of the image mask.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The following graphic illustrates the use of a mask with two different offsets [0, 0]
and [3, 1].

Image B

A VI processingmage A and using thémage Maskwith an offset of [0, 0] and [3, 1]
gives the results as shownlmage B andimage Crespectively. Notice the location of

the pixels.
Pixels from the border
O Pixels outside the mask

B Pixels from thdmage Mask
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Chapter 13 Tool Vis

Defines the position of an image mask in relation to the origin of the coordinate

system (0, 0).

AN

Image M|

2 Offzet g <h
Y Dffset — 1

error in [no ermor|

Image Out

errar out

B [

':n.

Image is the reference to the source (input) image.

X Offset specifies the horizontal offset of the image mask.

Y Offset specifies the vertical offset of the image mask.

error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9YVI Overview and Programming

Concepts.

':n.

Image Outis the reference to the destination (output) image.

error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts
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IMAQ Resample

Redraws an image in a user-defined size. This VI is useful for displaying a reduced or
enlarged image (for example, a zoom-in or zoom-out image).

8]

Interpolation Type
[ ptional Rectange ———
Image Src = il Image Dzt Out
Image Digt = el

14 ]

X Resolution |_
Y Resolution MJLH error aut
ermar in [ho erar]

Interpolation Type specifies the type of interpolation (zero-order or
bilinear) used to resample the image.

H

Optional Rectangledefines an array (four elements) containing the
coordinates (Left / Top / Right / Bottom) of the region to redraw. The
operation is applied to the entire image if the input is empty or not
connected.

[132

—_

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

X Resolutiongives the final horizontal size of the image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Sao
Sao
Y Resolutiongives the final vertical size of the image.

e Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts

IMAQ GetCalibration

Obtains the present image calibration.

(=1 bel R [ e

[2][2)

Image

"2 T
ey — X Step
L% Step
errar out

error in [no ermor|

Image is the reference to the source (input) image.

error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts

H

following values.

0 Undefined
1 Angstrom

2  micrometer
3 millimeter

4 centimeter
5 meter

6 kilometer

7  microinch

© National Instruments Corporation 13-11
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8 inch
9 feet
10 nautical miles

11 standard miles

X Step specifies the horizontal distance separating two adjacent pixels

in the specifiedJnit.

Y Step specifies the vertical distance separating two adjacent pixels in

the specifiedJnit.

error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts

IMAQ SetCalibration

Sets the calibration scale for an image.

B ENGE] e

[2][2)

Unit ———
Image - Image Out
* Step Q <h
Y Step —'_—ﬂ—
EMar in (o errar) error out
Unit is the measuring unit associated with the image. It can have the

following values.

0 Undefined
1 Angstrom
2 micrometer
3  millimeter

4  centimeter
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5 meter

6 kilometer

7  microinch

8 inch

9 feet

10 nautical miles

11 standard miles

Image is the reference to the source (input) image.

X Step specifies the horizontal distance separating two adjacent pixels
in the specifiedJnit.

Y Stepspecifies the vertical distance separating two adjacent pixels in
the specifiedJnit.

A HHEE

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Outis the reference to the destination (output) image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

e
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IMAQ ImageTolmage

Copies a small image into part of another larger image. This VI is useful for making
thumbnail sketches from multiple miniature images.

BB (8]

Dffset Left/Top —
Image Src a+H Image Dt Out

Image Dst == <h

ermar in [ho erar] erar oLt

132 Offset Left/Top ig an array s_pecifying thenage Dstpixel coordinates
that receive the image copied frdmage Src

/
—_

Image Srcis the reference to the source (input) image.

o

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

o

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflihage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst

Out refers to the image referencedlbyage Src

e error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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For example, atmage Dstwith a resolution of 512 x 512 and bmage Srcwith a
resolution of 256 x 256, having @ffset Left/Top value [256,256], produce the
following operation.

However, using a®ffset Left/Top value [256, 256] and a resolution of 384 x 384 for the
Image Srcproduce the following operation.

With animage Dstwith a resolution of 512 x 512 and Bnage Srcwith a resolution of
512 x 512 produce the following operation.

=]

[
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Tools (Pixel)

IMAQ GetPixelValue

Reads or extracts a pixel value from an image.

BIEIE 2]

Image ﬁ;P Piwel Value [U3)
X Coordinate a <y Piwel Walue [116]
Y Coordinate —'_Tﬂ__l— Pixel Y alue [SGL]
&rrar in [ho errar] errar ok

Image is the reference to the source (input) image.

X Coordinate is the horizontal coordinate of the pixel to read.

Y Coordinate is the vertical coordinate of the pixel to read.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

1 H B E

Pixel Value (U8)returns the specified pixel value. This output is used
only for an 8-bit image.

Pixel Value (116) returns the specified pixel value. This output is used
only for an 8-bit or 16-bit image.

Pixel Value (SGL)returns the specified pixel value. The SGL format
can accept values from all supported image types (8-bit, 16-bit, or
32-hit floating point).

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

| BB E
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IMAQ SetPixelValue

Changes the pixel value in an image.

BEE A

Image ‘? Image Out
¥ Coordinate -

¥ Coordinate f @ 43
Pixel ¥alue MJL- errar aut
&rrar in [ho errar]

Image is the reference to the source (input) image.

X Coordinate is the horizontal coordinate of the pixel to modify.

Y Coordinate is the vertical coordinate of the pixel to modify.

Pixel Value contains the replacement pixel value.

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

A EEHEE

Image Outis the reference to the destination (output) image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

EE
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IMAQ GetPixelLine

Extracts the intensity values of a line of pixels.

B EIE

[132]

i
=
-]

—

mrm |y |
ﬁ @ =
i &

Image S Pimels Line [18]
Line Coordinates ah Pimelz Line [116]
Piselz Line [SGL]
Erar in (o errar) erar aut

Image is the reference to the source (input) image.

Line Coordinates are the coordinates of the line to extract. These
coordinates are in the form of an array specifying the endpoints of the
line. Note that a line with the coordinates (0, 0, 0, 255) is formed from
256 pixels. The outpwRixels Lineis an array containing the intensity
values of the pixels in the selected line. Any pixels designated by the
Line Coordinates found outside the actual image are set to zero in
Pixels Line.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Pixels Line (U8)returns the intensity values for the specified line of
pixels. This output is used only for an 8-bit image.

Pixels Line (I116) returns the intensity values for the specified line of
pixels. This output is used only for a 16-bit image.

Pixels Line (SGL)returns the intensity values for the specified line of
pixels. This output is used only for a 32-bit floating-point image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ GetRowCol

Extracts a range of pixel values, either a row or column, from an image.

BEE A

Image [| #e= Fizels [U8)
Humber —— a<h Fixels [I1E]
Rava / Calumn [Faw) - Pixelz [SGEL]
ermar in (o errar) errar oLk
Image is the reference to the source (input) image.
Number is the row or column number to be extracted.
Row / Columnuses the roumber by default (the default is FALSE).

When the TRUE value is connected, the colUdumber is used.

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming

Concepts
Pixels (U8)returns the intensity values for the specified row or column
of pixels. This output is used only for an 8-bit image.

[116] Pixels (116)returns the intensity values for the specified row or column
of pixels. This output is used only for a 16-bit image.

[56L] Pixels (SGL)returns the intensity values for the specified row or
column of pixels. This output is used only for a 32-bit floating-point
image.

=T error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ SetPixelLine

Changes the intensity values in a line of pixels from an image.

B EIE

[132]

—
=
-]

—

I16

GGl

[y | R | |
—_y

E r

Line Coordinates

Image Image Out
Fiwelz Line( 18]
Fixelz Line(l16)
Fixels Line(Float] errar auk

&Irar in [ho ermar]

Each Pixels Lineinput is specific for a particular type of data.

Line Coordinatesare the coordinates of the line to change. These
coordinates are in the form of an array specifying the endpoints of the
line. Any pixels designated by théne Coordinates found outside the
actual image are not replaced.

Image is the reference to the source (input) image.

Pixels Line (U8)is an array containing the coordinates of the pixel line
to be drawn. This input must be used if the image connected is an 8-bit
image. The drawing is made between the endpoints of the line and
contains the values supplied frdfixels Line.

Pixels Line (116)is an array of 16-bit integers. This input must be used
if the image connected is a 16-bit image.

Pixels Line (float)is an array of floating-point values. This input must
be used if the image connected is a 32-bit floating-point image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Outis the reference to the destination (output) image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Changes the intensity values in either a row or a column of pixels in an image.

BEE

-
-

Z
o
—

—
=
-]

—

[1186]

[5GL]

[2)

Mumber
Image Image Out
Finelz(13]
Piselz(16]
Pimelz[Float) errar aut

error in (no ermor)

Each Pixelsinput is specific for a particular type of data.

Row / Columnuses the roumber by default (the default is FALSE).
When the TRUE value is connected, the coludumber is used.

Number is the row or column number to be replaced in the image.

Image is the reference to the source (input) image.

Pixelsis an array specifying the coordinates of the pixel row or column
to be drawn. This input must be used if the image connected is an 8-bit
image. The drawing is made between the endpoints of the line and
contains the values supplied frdfixels.

Pixels (I116)is an array of 16-bit integers specifying the coordinates of
the pixel row or column to be drawn. This input must be used if the
image connected is a 16-bit image. The drawing is made between the
endpoints of the line and contains the values supplied Riogis

Pixels (float)is an array of floating-point values specifying the
coordinates of the pixel row or column to be drawn. This input must be
used if the image connected is a 32-bit floating-point image. The
drawing is made between the endpoints of the line and contains the
values supplied frorRixels

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
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Image Outis the reference to the destination (output) image.

Sa o
error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
IMAQ ImageToArray

Extracts (copies) the pixels from an image, or part of an image, into a 2D array encoded
in 8 bits, 16 bits, or floating point, which is determined by the type of input image.
Various processing can be applied to this array. These arrays can be programmed either
from LabVIEW or BridgeVIEW, or from standard programming languages (such as C)
via a Code Interface Node.

BIEIGE 2]

Image | [ H—:ll Image Fixels (L8]
Optional Rectangle <Y Image Pixelz [I1E]
Image Finelz [SGL]
error in [no ermor| error ot

Image is the reference to the source (input) image.

[132)] Optional Rectangledefines an array (four elements) containing the
coordinates (Left / Top / Right / Bottom) of the region to extract. The
operation is applied to the entire image if the input is empty or not
connected.

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts
g Image Pixels (U8)eturns the extracted pixel values into a 2D array
[vs] (line, column). This output is used only for an 8-bit image.
[116] Image Pixels (I16)returns the extracted pixel values into a 2D array

(line, column). This output is used only for a 16-bit image.
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[5GL] Image Pixels (SGL)returns the extracted pixel values into a 2D array
(line, column). This output is used only for a 32-bit floating-point
image.

error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

IMAQ ArrayTolmage

Creates an image from a 2D array.

BIEE A

Image

Image Fikelz(LI5]
Image Fixelz [116]
Irmage Pixels [float]
Ermar in (o errar)

Image Out

errar out

Note: For this VI you have a choice of inputs, depending on how the data is
encoded (see the following descriptions).
o Image is the reference to the source (input) image.
[ug] Image Pixelsis a 2D array (Line, Column) containing all the pixel

values that form the image. The first index corresponds to the vertical
axis and the second to the horizontal index. The final size of the image
is equal to the size of the array. The image passed in the input image is
forced to the same size as the array encodedpuy Pixels. This input
should only be used to create an 8-bit image.

[1186) Image Pixels (116)is a 2D array of 16-bit integers. This input must be
used if the image connected is a 16-bitimage. This input should only be
used to create a 16-bit signed image.

[5CL] Image Pixels (float)is a 2D array of floating-point values. This input
must be used if the image connected is a 32-bit floating-point image.
This input only should be used to create single plane images that are not
encoded as 8-bit, 16-bit signed, or complex.
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error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Image Outis the reference to the destination (output) image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

See the additional VIs in Chapter Zlomplex Visfor performing array-to-image
transformations with complex images.

Tools (Diverse)

IMAQ ImageToClipboard

Copies the imagto the clipboard.

F

Image
Colar Palette

Er1ar in (o error) &rror out

Image is the reference to the source (input) image.

Color Palette can be applied to an 8-bit image. It can be taken directly
from the output of IMAQ GetPalette or specified by the user. It is
formed from an array of clusters composed of 256 elements for each of
the three color planes. A specific color is the result of affecting a value
between 0 and 255 for each of the three color planes (red, green, and
blue). If the three planes have the identical value, then a gray level is
obtained. (0 specifies black and 255 specifies white). By default the
palette is a gray-scale ramp.
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errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

IMAQ ClipboardTolmage

Copies the clipboard data into an image.

IlE

gn.

m
10
=]
al

e

F

E i

Image Image Out
Color Palette
Clipboard haz an image?
&Irar in [ho ermar] ermar aut

Image is the reference to the source (input) image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Out contains a copy of the clipboard if the clipboard is an image.

Color Paletteis the color palette that is stored on the clipboard. A gray
ramp is returned if no color palette is found on the clipboard.

Clipboard has an image?eturns a TRUE value if the clipboard
contains an image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
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IMAQ Draw

Draws geometric objects in an image.

B EIE

g

Drraw Mode

Piel Calar ————
Image Sic @ Image Dt Out
Image Dst_l—ﬂnn r

Coordinates
Shape to draw ﬂLmerrur aut
error in [no eror)

Draw Mode defines how to draw the object and has the following
choices:

0 Frame (Default) Specifies the use Bfxel Color in tracing the
contour
1 Paint Specifies the use dfixel Color in tracing the contour

and the interior of the shape

2 Invert Frame Specifies the use of the inverse of the pixel values when
drawing the contour

3 Invert Paint Specifies the use of the inverse of the pixel values when
drawing the contour and the interior of the shape

Pixel Color is the pixel value used for tracing the design. This value is
not used when in the modievert Frame or Invert Paint. The default
is 0.

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

Coordinatesis an array of four elements. A line is specified by the two
points forming it. Rectangles and ovals are specified by their bounding
rectangle, with the format (Left / Top / Right / Bottom). In these cases,
the tracing of a rectangle or oval stops at the coluright— 1) and at

the row Bottom— 1). The values by default are (0,3zeX SizeY
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where(SizeX SizeY is the resolution of the image. The default is used
if the input is 0 or is not connected.

Shape to drawis the form to draw. The following shapes are available:

g

0 Line (Default) Defined by the two points specified in the array
Coordinates

1 Rectangle Defined by the bounding rectangle specified in the array
Coordinates

2 Oval Defined by the bounding rectangle specified in the array
Coordinates

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
=T Image Dst Outis the reference to the destination (output) image which

receives the processing results of the VI. Ifithage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

IMAQ DrawText

Inserts text in an image.

A

String
Color ———
Image Src ub:[' Image Dst Ot
Image Dt a 7h String width

Inzertion Paint f
Fant, Size & Stle
error in (no ermor)

efrar ot
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String (empty by default) is the text to write in an image. The string can
be composed of multiple lines separated by a hard return.

Color is the mode for writing the text. The default is 0, which
specifies white.

0 White (Default) White on the image background
1 Black Black on the image background
2 Inverted Text inverted on the image background

3 Black on White

4 White on Black

Image Srcis the image reference source. It must be an 8-bit or RGB
image.

Image Dstis the reference of the image destination. If it is connected,
it must be the same type as theage Src

Insertion Point is an arrayX andy) specifying the location in which the
text is inserted. The text position depends on the alignment mode
chosen. The default is (0, 0).

Font, Size & Styleis a cluster that enables the user to choose the font,

55
- size, style, and alignment and contains the following elements:
desired font (Application) specifies 'the character type of the
text. The following values are possible:
0 User-specified Font
1 (Default) Application Font
2 System Font
3 Dialog Font
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user-specified fontis a cluster containing the specific font
characteristics for the text to draw. This specification is
ignored unless thdesired fontcontrol is set to
user-specified font.

= Note: The list of fonts on a Macintosh and Windows are different.

Font Nameis the name of the user-specified font.

F Strikeout? If TRUE, text appears in strikeout.

-

Italic? If TRUE, text appears in italic.

-
n

Underline? If TRUE, text appears underlined.

Outline? If TRUE, text appears outlined.

-
n

Shadow?If TRUE, text appears shadowed.

-
-

-

Bold? If TRUE, text appears in bold.

-

F

Sizeis the size of the font. The default is 9.

Alignment specifies the alignment of the text. The following
[152]
- values are possible: Left (default), Center, and Right.

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referenced lbyage Src

StringWidth returns the string length from the text.
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ MagicWand

Creates an image mask by extracting a region surrounding a reference pixel, called the
origin, and using a tolerance (+ or —) of intensity variations based on this reference pixel.
Using this origin, the VI searches for its neighbors with an intensity equal to, or falling
within the tolerance value, of the point of reference. The resulting image is binary. The
image passed as input flonage Dstmust be an 8-bit image. If the same image is entered
for Image Srcandimage Dstthen both must be 8-bit images.

B EIE 2]

Connectivity 448 [J] e

Fill ' alue —— ¢
Image Src /,,
Image Dt =f )

Hot spot [x.y] 1 —a<

Tolerance iij errar ot
ermar in [ho errar]

Connectivity 4/8 (8)determines the type of connectivity to be used by
the algorithm creating the mask. The default is 8.

3 Image Dst Out

Fill Value is the value that is used for the lit pixels in the destination
image. The default is 1.

Image Srcis the image reference source. It must be an 8-bit or RGB
image.

Image Dstis the reference of the image destination. It must be an 8-bit
image.

HEHE

Hot spot (x,y) is an array counting the,(y) coordinates of the origin
pixel chosen from the image source.

/i

132

| I}

Toleranceis the maximum authorized deviation from the origin. All
pixels satisfying the tolerance criteria (origin pixel — tolerance / origin
pixel + tolerance) and connectivity criteria, as specified in

Connect 4/8 (8),are lit and all other pixels are turned off. The default
is 20.

g
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errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Ifithage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referenced lbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Fills an image and its border with a specified value.

BB G A

Comples Pizel Value ———
Image & Image Out
Image b ask =F

Pivel Value (U8, 16, Float] —'_|— @ <5
Colar Pixel W alue mj_men errar out
error in [no error]

Complex Pixel Valuespecifies the value used for filling a complex
image.

Image is the reference to the source (input) image.

Image Maskis an 8-bit image that specifies the region in the image to
modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
corresponding to this criteria keep their original value. The complete
image is modified ilmage Maskis not connected.

Pixel Value (U8, 116, Float)specifies the value with which the image is
to be filled. This value is used for 8-bit, 16-bit and 32-bit floating-point
images.
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Color Pixel Value specifies the value used for filling a color image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts
Image Out contains the image that has been filled with the specified
pixel value.
Ei error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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L

This chapter describes the Conversion Vs in IMAQ Vision.

IMAQ Convert
Converts the image type specified lpyage Srcinto the image type specified by
Image Dst
Image S5rc iy Image Dat Out
Image Dst =g {4
error in [no ermor] error out
B Image Srcis the reference to the source (input) image.
Image Dstis the reference to the destination image.
== error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced Inyage Src
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
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The conversion rules are performed as a function of the image type specifraddsy
Src andimage Dst The image type encoded byage Dstdefines the how the
conversion is performed. The conversion rules are described in the following table.

(8] 1o €] [

Pixel values are recopied (0 to 255).

[] 10 4

Pixel values are copied into each of the three color planes (red, ¢
and blue).

) 1 2]

Pixel values less than 0 are set to 0.
Pixel values between 0 and 255 are recopied.
Pixel values greater than 255 are set to 255.

€] 1o [R)

Pixel values are recopied (—32768 to 32767).

[e) 1o 4

Pixel values are copied into each of the three color planes (red, g
and blue) with the same conversion rule as 16-bit to 8-bit.

@to

Pixel values less than 0 are set to 0.
Pixel values between 0 and 255 are recopied.
Pixel values greater than 255 are forced to 255.

[R) 1 1€

Pixel values less than —32768 are set to —32768.
Pixel values between —32768 and 32767 are recopied.
Pixel values greater than 32767 are set to 32767.

[R) 1 4

Same conversion rule as 16-bit to RGB.

IMAQ Vision for G Reference Manual 14-2 © MNational Instruments Corporation
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Chapter 14 Conversion Vs

IMAQ Cast

Converts the current image type of an image to the image type specifieddy Type

(5] be) [ [z 9 2]

Image EG] Image Out

Image Type Th
ol in [no error] error out
Image is both the image to be converted (input) and the image that

receives the conversion (output). With this VI only the image type of
the image changes. The conversion rules are the same as described in
IMAQ Convert.

Image Typedetermines into what image type the inpuage is
converted. The following values are valid:

0 8bits 8 bits per pixel (unsigned, standard monochrome)
1 16 bits 16 bits per pixel (signed)

2 float 32 bits (floating-point) per pixel

3 Unused

4 RGB 32 bits per pixel (RGB chunky, standard color)

5 Unused

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

== Image Outis the reference to the input image with the new image type.
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=mo

The conversion rules are the same as the rules for IMAQ Convert.

IMAQ ConvertByLookup

Converts an image by using a lookup table which is encoded in floating-point values.

Lookup Table ——
Image Src =L Irage Dst Out

Image Dst =——={@ 7h

ermar in [ho errarl &rrar Lt

[5GL] Lookup Table is an array consisting of 256 elements maximum if
Image Srchas an 8-bit or a maximum of 65536 elements iflthage
Srchas a 16-bitimage. This array is filled with values equal to the index
if it has less elements than the amount demanded by the image type in
Image Src The lookup table can be used to calculate a polynomial
giving a relation between a gray-level value and a user value. VIs
capable of analyzing floating-point type images can be used to directly
guantify an image, or regions from an image, in user values after
converting the image into a floating-point type image.

Image Srcis the image to be converted. It must be an 8-bit or 16-bit
image.

EE
Image Dstis the image that receives the conversion. The image type for
Image Dstcan take the following values:
« 16-bit if Image Srchas an 8-bit image
» 32-bit floating point iflmage Srchas an 8-bit or 16-bit image
e error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section

IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced Inyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

IMAQ Shift16to8

Converts a 16-bit image to an 8-bit image. The VI executes this conversion by shifting
the 16-bit pixel values right by the specified number (from 1 to 8) of shift operations and
then truncating to get an 8-bit value.

2]

Shift Yalue —————
Image Src

Image D gt =———|Q)

B

Image Dt Out

Y

4

2

error in [no ermor| error aut

Shift Value specifies the number of right shifts (between 1 and 8) by
which each pixel value in the input image is shifted.

== Image Srcis the reference to the 16-bit image.

Image Dstis the reference to the 8-bit output image.

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9| Overview and Programming
Concepts

== Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referencedlbyage Src
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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L

This chapter describes the Operator VIs in IMAQ Vision.

Arithmetic Operators

IMAQ Add

Adds two images or an image and a constant.

BIEE %[0 [2)

Constant —————
Image Sric A [E_\,- Image Dzt Out
Image D st === oy o3,

Image Sz B f—ﬂ_

erar in (o erarl

efrar out

Constantis the value added to the ingatage Src Afor
image-constant operations. The constant is rounded down in the cases
in which the image is encoded as an integer. The default is 0.

Image Src Ais the reference to the source (input) image A.

Image Dstis the reference to the destination image.

Image Src Bis the reference to the source (input) image B.

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

AHEE H
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Image Dst Outis the reference to the destination (output) image which

e
= receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src A
error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section

IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

An operation between an image and a constant occurs when théniagét Src Bis not
connected. The two possibilities are distinguished in the following equations:

Dst(x, y) = SrcA(X, y) + SrcB(x, y), or
Dst(x, y) = SrcA(X, y) + Constant

The different image type-combinations supported by this VI are described in the
following equations. The first symbol represents the image connectathge Src A
and the second symbol represents the image type connedtedge Src B The third
symbol represents the image type that should be connected to thelmapatDst

R ) [ Y = Y (R [/ 0 Y B [
(8] « he) =g el +le =heg  [R) +fg -[R
I3 IR e e = R U 2 [ S

To add a constant to an image, the outmage Dstmust be connected to the same
image type as the inplrthage Src A

IMAQ Subtract

Subtracts one image from another or a constant from an image.

B EIE [ [2)[2]

Congtant ————
Image S5ic A [}}- Image Dat Out
Image Dst ===y 1,

Image SroBed ” t
&frar ol

ermar in [ho error]
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Constantis the value subtracted from the inpoiage Src Afor
image-constant operations. The constant is rounded down in the cases
in which the image is encoded as an integer. The default is 0.

Image Src Ais the reference to the source (input) image A.
EH

Image Dstis the reference to the destination image.
Image Src Bis the reference to the source (input) image B.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referencedlbyage Src A

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

An operation between an image and a constant occurs when thénaget Src Bis not
connected. The two possibilities are distinguished in the following equations:

Dst(x, y) = SrcAX, y) — SrcRx, y), or
Dst(x, y) = SrcA(X, y) — Constant
The different image-type combinations supported by this VI are described in the
following equations. The first symbol represents the image connectethge Src A

and the second symbol represents the image type connedtedge Src B The third
symbol represents the image type that should be connected to thelmagatDst

- =E -k [R® R
he) - el b [®) -bg) =[®
- =R
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To subtract a constant from an image, the outipaige Dstmust be connected to the
same image type as the inpotage Src A

If one of the two source images is empty, the result is a copy of the other.

IMAQ Multiply

Multiplies two images or an image and a constant.

B EIE [ [2)[2]

Conztant ————
Image Sic A Ec} Image Dzt Out
Image Dst ===y ¥

Image Sic B f—ﬂ_

ermar in [ho erar]

errar out

Constant The inputimage Src Ais multiplied by the Constant value
for image-constant operations. The default is 1.
Image Src Ais the reference to the source (input) image A.

Image Dstis the reference to the destination image.

Image Src Bis the reference to the source (input) image B.

1 H B E

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

o

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src A

) error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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An operation between an image and a constant occurs when théniaget Src Bis not
connected. The two possibilities are distinguished in the following equations:
Dst(x, y) = SrcAX, y) x SrcB(x, y), or
Dst(x, y) = SrcAX, y) x Constant

The different image-type combinations supported by this VI are described in the
following equations. The first symbol represents the image connectethte Src A

and the second symbol represents the image type connedtedge Src B The third
symbol represents the image type that should be connected to thelmagatDst

Bl x[e =[8) e =[5 =hg  [R] <[z] -
(8] x fig) =) [e «[ig) =g [R] <pg) =R
) R e R R [ B [ S [

To multiply a constant and an image, the outmage Dstmust be connected to the same
image type as the inpliihage Src A

If one of the two source images is empty, the result is a copy of the other.

IMAQ Divide

Divides one image by another or an image by a constant.

BIEE [2][2)

Congtant —————

Image 5rc A [{;:» Irmage Dt Out
Image Dst ======1gy 1,

Image S B f—ﬂ_

errar in [no error] errar auk
Constant The inputimage Src Ais divided by the Constant value for
image-constant operations. The default is 1.
== Image Src Ais the reference to the source (input) image A.
Image Dstis the reference to the destination image.
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Operator VIs
= Image Src Bis the reference to the source (input) image B.
error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src A
) error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

An operation between an image and a constant occurs when théniagét Src Bis not
connected. The two possibilities are distinguished in the following equations.

Dst(x, y) = SrcA(x, y) = SrcB(x, y), or
Dst(x, y) = SrcAX, y) + Constant

The different image-type combinations, supported by this VI, are described below. The
first symbol represents the image connecteldnage Src Aand the second symbol
represents the image type connectetirtage Src B The third symbol represents the
image type that should be connected to the odtpage Dst

B-B-B R-B-B R-B-B
R-B-B B-B-R
B-R-R

To divide an image by a constant, the outjpuage Dstmust be connected to the same
image type as the inplimage Src A

Division by 0 is not allowed. If the constant is O it automatically is replaced by 1. If one
of the two source images is empty, the result is a copy of the other.
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IMAQ MulDiv

Computes a ratio between two images. Each pixel in ipagie Src Ais multiplied by

the integer value specified in the input Constant before being divided by the equivalent
pixel found in inputmage Src B If the background is lighter than the image, this
function can be used to correct the background. In a background correction image,
Image Src Ais the acquired image, ahmhage Src Bis the light background.

BIEG [2][2)

Constant —————
Image Sic A E}} Image Dt Out
Image Dst == £3,
Image Sic B
errar in [ho erar] error out

Constant Each pixel inmage Src Ais multiplied by the Constant
value prior to being divided by the equivalent pixelnrage Src B The
default is 255, which corresponds to the maximum value for a pixel
encoded in an 8-bit image.

g

Image Src Ais the reference to the source (input) image A.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src A

Image Src Bis the reference to the source (input) image B.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

1 HAE

Concepts

[E=z] Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referencedlbyage Src A

error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Dst(x, y) = (SrcAx, y) x Constan}+ SrcB(x, y)
All input images must of be the same image type.

Division by 0 is not allowed. If this value is foundlmage Src B the equivalent pixel
value fromimage Src Ais directly applied témage Dst If one of the two source images
is empty, the result is a copy of the other.

IMAQ Modulo

Executesnodulo division(remainder) of one image by another or an image by a constant.

B EIE [2][2)

Constant ————
Image Src A [:'-:_:;:» Image Dst Out
Image Dat ===y sy,

Image Src B f—ﬂ_

&rrar in (ko errar]

errar out

Constant The inputimage Src Ais divided by the Constant value for
image-constant operations. The default is 1.

g

Image Src Ais the reference to the source (input) image A.

o

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src A

| B

Image Src Bis the reference to the source (input) image B.

errorin (no error) is a cluster that describes the error status before this

T
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

e Image Dst Outis the reference to the destination (output) image which

receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src A
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== error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

An operation between an image and a constant occurs when théniaget Src Bis not
connected. The two possibilities are distinguished in the following equations:

Dst(x, y) = SrcA(X, y) % SrcBHX, y), or
Dst(x, y) = SrcAX, y) % Constant

If Image Src Ais a 32-bit floating-point image then the following operation is
performed:

Dst(x, y) = SrcAx, y) — SrcRx, y) x E(SrcAX, y) + SrcB(x, y)), or
Dst(x, y) = SrcAX, y) — Constant x ESrcAx, y) + Constan},
whereE(X) is the integer part of.

The different image-type combinations supported by this VI are described in the
following equations. The first symbol represents the image connectethte Src A

and the second symbol represents the image type connedtedge Src B The third
symbol represents the image type that should be connected to thelmagatDst

Bl s =[5 beow(e] = [R] % [s] =R
e oo el = e [R) % fe) = [R)
() o [R] = [R)

To modulo-divide an image by a constant, the outmaige Dstmust be connected to
the same image type as the inpuage Src A

Division by 0 is not allowed. If 0 is found in the divider, it automatically is replaced by 1.
If one of the two source images is empty, the result is a copy of the other.
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Logic Operators

IMAQ And

Performs an AND or NAND operation on two images or an image and a constant.

BBl [ [2)[2]

And/Mand [fnd] e
Image S5rc A Image Dzt Ot

Image Sz B %E 2
. Constant Emj_Lm errar ot
erar in [rno errar]

And/Nand (And) is the result from a logic operation. If set to TRUE,
the result of a logic operation is the negative of the performed logic
operation (NAND instead of AND). The default is FALSE, which
specifies a positive operation (AND).

I
-

Image Src Ais the reference to the source (input) image A.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src A

Image Src Bis the reference to the source (input) image B.

HEHEE

Constantis a binary constant used for image-constant operations. The
default is 0.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

o

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src A
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=mo

All connected images must be the same image type. An operation between an image and
a constant occurs when the inpotage Src Bis not connected.

This VI is performed for each pixex,y) in the following manner.
If two images are connected on inpilenDst(x, y) = SrcA(X, y) AND SrcBX, y).

If the inputimage Src Bis not connectedhen Dsfx, y) = SrcAx, y) AND Constant

IMAQ Or

Performs an OR or NOR operation on two images or an image and a constant.

BEGE [ [2)[8)

Df."lNl:lf [Df] ..................... .\
Image Sric A E)" Image Dst Out

Image Dt =
Image Src B %E 12
Canstant EEEJLE— errar aut
£Iror in [no eror)

Or/Nor (Or) is the result from a logic operation. If set to TRUE, the
result of a logic operation is the negative of the performed logic
operation (NOR instead of OR). The default is FALSE, which specifies
a positive operation (OR).

I
m

Image Src Ais the reference to the source (input) image A.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src A

Image Src Bis the reference to the source (input) image B.

Constantis a binary constant used for image-constant operations. The
default is 0.

HEHE
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error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src A

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

All connected images must be the same image type. An operation between an image and
a constant occurs when the inpoiage Src Bis not connected.

This VI is performed for each pixek,(y) in the following manner.

If two images are connected on inghenDst(x, y) = SrcAX, y) OR SrcBX, V).

If the inputimage Src Bis not connectedhen Ds(x, y) = SrcAX, y) OR Constant

IMAQ Xor

Performs an XOR or XNOR operation on two images or an image and a constant.

BB

[ [21[2)

KDTJ‘XHDT [><|:Ir] ._
Image S5rc A E.\P Image Dzt Ot

Image Dt =*
Image S B %B 12
Constant _,J_me rrar out
eror in [no ermor|

Xor/Xnor (Xor) is the result from a logic operation. If set to TRUE, the
result of a logic operation is the negative of the performed logic
operation (XNOR instead of XOR). The default is FALSE, which
specifies a positive operation (XOR).

Image Src Ais the reference to the source (input) image A.
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Image Dstis the reference to the destination image. If it is connected,

San
it must be the same type as theage Src A
Image Src Bis the reference to the source (input) image B.
Constantis a binary constant used for image-constant operations. The
default is 0.
= error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Ifithage Dstis connected,

thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced lnyage Src A

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

All connected images must be the same image type. An operation between an image and
a constant occurs when the inpotage Src Bis not connected.

This VI is performed for each pixek,(y) in the following manner.
If two images are connected on inghenDst(x, y) = SrcAX, y) XOR SrcHX, V).

If the inputimage Src Bis not connectedhenDst(x, y) = SrcA(X, y) XOR Constant

IMAQ LogDiff

Keeps bits found immage Src Athat are absent from imatmage Src B.

[l el [7)

Constant —————
Image Sric A Image Dst Out
Image D st ===y o3,

Image Src B f—ﬂ_

ermar in (o erarl

errar out
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This VI is performed for each pixek,(y) in the following manner.
If two images are connected on inghign Dsfx, y) = SrcA(X, y) And Not SrcB, y)).

If the inputimage Src Bis not connectedhenDst(x, y) = SrcAx, y) And Not {Constan}.

Constantis a constant value that can replémage Src Bfor
image-constant operations. The default is 0.

Image Src Ais the reference to the source (input) image A.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src A

Image Src Bis the reference to the source (input) image B.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

HHHEE

Concepts

[==z] Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src A

error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Chapter 15

Regroups all comparison operations between two images or an image and a constant. An
operation between an image and a constant occurs when thémamet Src Bis not

connected.

BIEGE

(% [2)[2]

Operator
Image Sic A
Image Dst
Image Src B
Constant

eIror in [ho error)

1

[z

i —
e th

ﬂLm errar ouk

Image Dt Out

Operator specifies the comparison operator to use. The valid operators
are described in the following table.

0 Average Calculates the average.

1 Min Extracts the smallest value.

2 Max Extracts the largest value.

3 Clear if < If SrcAx, y) < SrcBX, y) or a constant,
then Dst(x,y) =0,
else Dst(x, y) = SrcAX, Y).

4 Clearif<or= If SrcAx, y) < SrcB, y) or a constant,
then Dst(x,y) =0,
else Dst(x, y) = SrcAX, y).

5 Clear if = If SrcAx, y) = SrcBx, y) or a constant,
then Dst(x,y) =0,
else Dst(x, y) =Src AX,Y).

6 Clear if > or = If SrcAx, y) = SrcBX, y) or a constant,
then Dst(x,y) =0,
else Dst(x, y) = SrcAX, Y).

7 Clear if > If Src Ax, y) > SrcBX, y) or a constant,
then Dst(x,y) =0,
else Dst(x, y) = SrcAX, Y).
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o

Image Src Ais the reference to the source (input) image A.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src A

Image Src Bis the reference to the source (input) image B.

Constantis the value used in comparison withage Src Afor
image-constant operations. The default is 0.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlimage Dst Outis the same asnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The different image-type combinations supported by this VI are described in the
following equations. The first symbol represents the image connectathge Src A
and the second symbol represents the image type connedtedge Src B The third
symbol represents the image type that should be connected to thelmapatDst

(] # [g)
[e) # g

I T L T R T I R EI R [
he R # e = R
[ # [ = R

For all comparison operations, the outpuage Dstmust be connected to the same
image type as the inplinage Src A.

If one of the two source images is empty, the result is a copy of the other.
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IMAQ Mask

Recopies thémage Srcinto thelmage Dst If a pixel value is 0 (OFF) in the
Image Mask, then all corresponding pixels image Dstare reset to 0.

BIEGE|ZE [ [2)[2)

Image Src Gh Irage Dst Out
Image Mask ===\ 1,

Image Dzt f—ﬂ_

error in [no ermor

errar out

Image Srcis the reference to the source (input) image.

amo
Image Maskis an 8-bit image that specifies the region in the image to
modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
corresponding to this criteria keep their original value. The complete
image is modified ilmage Maskis not connected.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

[Sas]

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=T Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced lbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Thelmage Mask contents are considered to be binary. All pixel values other than zero
are lit and all pixel values of 0 are turned dftage Mask must be an 8-bit image if it
is different than thémage Src Image Dstmust be the same image typelmsge Src
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This chapter describes the Processing VIs in IMAQ Vision.

IMAQ Threshold

Applies a threshold to an image.

BT [ (8] [8]

Keep/Heplace W alue [Replace] -y

Image Src 4k Irmage Drst Out
Image Dzt =

Range HF
Replace Yalue mj_me erar oLk
error in [no ermorl

T Keep/ReplaceValue (Replace)determines whether the pixels existing

in the range betwedmwer value andUpper value are to be replaced

by another value. The default TRUE replaces these pixel values and the
status FALSE keeps the original values.

I

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

Rangeis a cluster specifying the threshold range. It is composed of the
following elements:

Lower value is the lowest pixel value used during a threshold.

q [ E

The default is 128.
Upper valueis the highest pixel value used during a threshold.
The default is 255.
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All pixels not contained betwedrower value andUpper value are set to 0. All values
found between this range are replaced by the value enteRabiace Valueg if
Keep/Replace Value (Replacek set to TRUE

Replace Valueis the value used to replace pixels betweerl_theer
value andUpper value. This operation requires thieep/Replace
Note

Value (Replace)be set to TRUE.

You should use a binary palette when you plan to visualize an image to
which a threshold has been applied in Replace mode. However, which
palette to use for visualization depends on the value of Replace Value. For
example, the visualization of a threshold image could be performed with a
gray palette. However, in this case it is advised that you use a replacement
value of 255 (white) to see the threshold image better.

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts.

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,

thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

e error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ MultiThreshold

Applies a multi-threshold to an image.
el ) [][8]

Threzhold D ata s
Image Src -l Image Dst Out
Image [ st e 5

3"

erar in (o erar] errar out
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[=0a] Threshold Datais an array of clusters specifying the mode and
threshold range. This operation is analogous to the process in IMAQ
Threshold. Each cluster is composed of the following elements.

Lower value is the lowest pixel value to be taken into account
during a threshold. The default is 128.

Upper value(default 255) is the highest pixel value to be taken
into account during a threshold. The default is 128.

All pixels not contained between these the two valumsger value andUpper value are
set to 0. All values found between this range are replaced by the value enkRepthice
if Replaceis setto TRUE

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

ENE

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

gn.

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Ifithage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referenced lbyage Src

o error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The threshold operations are performed in the order that the data is received from
Threshold Data. A pixel can be taken into account only once, even if the pixel is
included in the threshold range of two different threshold$hrgshold Data

For example, a VI contains two clusters on input:

Cluster 1 Lower value = 80,Upper value = 150,Keep/Replace Value= TRUE,
Replace Value= 255.

Cluster 2 Lower value = 120,Upper value = 200,Keep/Replace Value= FALSE.
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This example shows two threshold ranges with an overlap between 120 and 150.
Therefore, the pixels between 120 and 150 are treated only by the first threshold. The
following results occur after execution of this VI:

¢ Pixel values between 0 and 79 are replaced by 0

¢ Pixel values between 80 and 150 are replaced by 255

e Pixel values between 151 and 200 keep their original values
e Pixel values greater than 200 are setto O

IMAQ AutoBThreshold

Applies an automatic binary threshold to an image that initially possesses 256 gray levels
in two classes. Performs a statistical calculation to determine the optimal threshold.

[8][2]

Image ey W Threzhold Y alue
b ethiod @ < Lookup Table
) HIB Threshold D ata
&Irar in [ho errar] ermar ot
Image is the reference to the source (input) image.
Method is the threshold method used. The following values are valid.
0 clustering
1 entropy
2 metric
3  moments
4  inter-class variance
Note: See theThresholdingsection of Chapter 7Morphology Analysisfor more

information about these methods.
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errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Threshold Value outputs the threshold value. This value can be
directly connected tbower value from IMAQ Threshold, provided
that 255 is connected tdpper value.

Lookup Table outputs a lookup table containing 256 elements encoded
in 0 and 1. If the threshold value is 160 then the values between 0 and
159 become zero and the values between 160 and 255 become 1. This
array can be used directly by IMAQ UserLookup.

Threshold Data outputs an array containing two clusters compatible
with IMAQ MultiThreshold. The elements in this array define a set of
intervals equivalent to the LUT outputted bgokup Table.

m
10
=]
al

e

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

gn.

The VI outputs the threshold data in three forms:

The threshold data directifireshold Value)

An LUT directly usable by IMAQ UserLookup

An array directly usable by IMAQ MultiThreshold@lfreshold Data)

IMAQ AutoMThreshold

Applies an automatic multi-threshold by using a variant of the classification by clustering
method. Starting from a random sort, the gray scale values are determined. This
technique is rapid.

(8] (2]

Image . Laoaokup T able
MHumber of Clazzes @ o b= Threzhold Data

2

eror in [no ermorl error out
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Image is the reference to the source (input) image.

Number of Classess the number of desired phases. This algorithm
uses a clustering method and can use any value between 2 and 256. The
default is 2.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Lookup Table is an array containing the values of the 256 transformed
elements encoded between 0 and the {),wheren is theNumber of
Classes This array can be connected directly to IMAQ UserLookup.

Threshold Data outputs an array containing theimber of Classes
compatible with IMAQ MultiThreshold. The results range from 0 to
(n — 1),wheren is theNumber of Classes

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

This method is based on a reiterated measurement of an histogram. After finding the best
result (a very rapid process), the histogram is segmented grmups. These groups are
based on the fact that each point in a group is closer toattyeenterof its own group

than the other group. The VI outputs the threshold data in two forms:

A LUT directly usable by IMAQ UserLookup
An array directly usable by IMAQ MultiThreshold@lfreshold Data)
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IMAQ UserLookup

Performs a user-chosen lookup table transformation by remapping the pixel values in an
image.

(8] (]

Lookup Table —
Image Src Elﬂu Image Dt Out
Image Mask =====\= 3,

Image Dt f—ﬂ_

errar in [ho errar]

errar aut

[116) Lookup Table is a color replacement table. This array can contain 256
elements (8-bit) or 65536 elements (16-bit) depending on the type of
image. Individual pixels within the image are not modified in cases in
which the lookup table is missing a corresponding value.

Image Srcis the reference to the source (input) image.

Image Maskis an 8-bit image that specifies the region in the image to
modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
corresponding to this criteria keep their original value. The complete
image is modified iimage Maskis not connected.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Ifithage Dstis connected,

thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced Inyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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The following example creates a negative of an 8-bit image (256 values) by applying
IMAQ UserLookup.

Irnage D=t Out

gz )
frage o=

Each gray-level value is replaced by the value (285 Fhe result is a negative of the
original image placed itmage Dst

IMAQ MathLookup

Converts the pixel values of an image by replacing them with values from a defined
lookup table. This VI modifies the dynamic range of either part of an image or the
complete image, depending on the type of curve chosen.

BIIEIR (5] (2]

Hange [

Hialue ————
Image Src i Image Dt Out

Image Mask =5 T
Image Dat % Ll
Operator —L__ error out

Er1ar in (o error]

Note: This VI is fundamental for many image processing procedures. You can
use this VI with 8-bit and 16-bit images to create your own lookup table.
You can then apply your new curve with the VI IMAQ UserLookup.

Rangeis a cluster containing the minimum and maximum values for the
range to modify. The dynamic range of the entire image is modified if
this cluster is not connected (or the defaults 0 and 0 are used as input).
The dynamic range of the destination image is dependent on the type of
input image. The dynamic range for an 8-bit image is between 0
and 255. The dynamic range for 16-bit and 32-bit floating-point images
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is the smallest and largest pixel value contained in the original image
prior to processing. The default is (0, 0).

The dynamic range for 16-bit and 32-bit floating-point images is not
modified. Only the distribution of the values is changed.

The following elements are specified in the Range cluster.

Minimum is the smallest value used for processing. After
processing, all pixel values that are less than or equal to the
Minimum (in the original image) are set to O for an 8-bit
image. In 16-bit and 32-bit floating-point images, these pixel
values are set to the smallest pixel value found in the original
image.

Maximum is the largest value used for processing. After
processing, all pixel values that are greater than or equal to the
Maximum (in the original image) are set to 255 for an 8-bit
image. In 16-bit and 32-bit floating-point images, these pixel
values are set to the largest pixel value found in the original
image.

X value is a value used only for the operators Power X and Power 1/X.

Image Srcis the reference to the source (input) image.

Image Maskis an 8-bit image that specifies the region in the image to
modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
corresponding to this criteria keep their original value. The complete
image is modified ifimage Maskis not connected.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

Operator specifies the remapping procedure used. The horizontal axis
represents the pixel values before processing (betMé@mum and
Maximum) and the vertical axis represents the pixel values (between
Dynamic Minimum andDynamic Maximum) after processing. The
default is 0, which specifies linear remapping.
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Linear Linear remapping.

1 Log A logarithmic remapping operation that gives
extended contrast for small pixel values and less
contrast for large pixel values.

2 Exp An exponential remapping operation that gives
extended contrast for large pixel values and less
contrast for small pixel values.

3 Square Similar to Exponential but with a more gradual effect.
4  Square Root Similar to Logarithmic but with a more gradual effect.
5 Power X Gives variable effects depending on the valuk.of

The default value oK is 1.5.

6 Power 1/X  Gives variable effects depending on the valuX.of
The default value oXis 1.5.

Note: For an 8-bit image, the minimum is always 0 and the maximum is always
255. For 32-bit floating-point images, the minimum and maximum are the
endpoint values found in the image prior to processing.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=T Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst Otherwise]mage Dst
Out refers to the image referencedInyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Produces a histogram equalization of an image. This VI redistributes the pixel values of
an image in order to provide an accumulated linear histogram. It is necessary to execute
IMAQ Histogram prior to this VI in order to supplistogram Report as input. The
precision of the VI is dependent on the histogram precision, which in turn is dependent
on the number of classes used in the histogram.

BTG

(8] (]

Histogram Report ===
Image Src Image gt Out
Image Mask =F ] 7y
Image Dst f &

~ Range mj_me errar oLt
erar in [rno errar]

Histogram Report is the histogram from the source image. This
histogram is supplied from the output of the VI IMAQ Histogram. No
processing occurs if this input is not connected, therefore you need to
connect the same image to both IMAQ Histogram and this VI.

Image Srcis the reference to the source (input) image.

Image Maskis an 8-bit image that specifies the region in the image to
modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
corresponding to this criteria keep their original value. The complete
image is modified ilmage Maskis not connected.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

Rangeis a cluster containing the minimum and maximum values for the
range to equalize. The equalization of the entire image occurs if this
cluster is not connected (or the defaults 0 and 0 are used as input). In
this case, th#linimal Value andMaximal Value contained in
Histogram Report are considered to be the min and max. The default
is (0, 0).
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The following elements are specified in this cluster.

Minimum is the smallest value used for processing. After

processing, all pixel values that are less than or equal to the
Minimum (in the original image) are set to 0 for an 8-bit
image. In 16-bit and 32-bit floating-point images, these pixel
values are set to the smallest pixel value found in the original
image.

Maximum is the largest value used for processing. After

processing, all pixel values that are greater than or equal to the
Maximum (in the original image) are set to 255 for an 8-bit
image. In 16-bit and 32-bit floating-point images, these pixel
values are set to the largest pixel value found in the original
image.

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

o

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Note: The modification to the pixel value is dependent on the histogram contents,
regardless of the image type used. All pixels entering into the same
histogram class have an identical value after equalization.
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IMAQ Label

Labels the particles in a binary image.

[2]

Image Src HE8 Image D'zt Out
Image D gt =] iR €k MHumber of Particles

error in [no ermor] error out

F Connectivity 4/8 (8)specifies the connectivity used for particle
detection. The default is 8.

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

errorin (no error) is a cluster that describes the error status before this

Cao
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersan Chapter 9VI Overview and Programming
Concepts

o Image Dst Outis the reference to the destination (output) image which

receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referencedlbyage Src

Number of Particlesindicates the number of particles detected in the
image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

This operation applies a color to all pixels composing the same group of pixels (a
particle). This color level is encoded in 8 or 16 bits, depending on the image type.
Therefore, 255 particles can be labeled in an 8-bit image and 65535 particles in a 16-bit
image. If you want to label more than 255 particles in an 8-bit image, you need to perform
a threshold operation with an interval of [255, 255] after processing the first 254
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particles. The goal of this threshold operation is to eliminate the first 254 particles in
order to visualize the next 254 particles.

Image Srcis the input image anlinage Dstis the resulting image. This operation
requires thatmage Srcandimage Dstbe the same image type and that the border for
these images be greater or equal to 2.

IMAQ Vision for G Reference Manual 16-14 © MNational Instruments Corporation



Chapter|
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L

This chapter describes the Filter Vis in IMAQ Vision. The filters are
divided into two types: linear (also called convolution) and nonlinear.

A convolutionis a special algorithm that consists of recalculating the
value of a pixel based on its own pixel value as well as the pixel values
of its neighbors. The sum of this calculation is divided by the sum of the
elements in the matrix in order to obtain a new pixel value. The size of
theconvolution matrixor kerne) does not have a theoretical limit and
can be either square or rectangular (3 x 3,5 x5,5x 7,9 x 3,127 x 127,
and so forth). The convolutions are divided into four families: gradient,
Laplacian, smoothing, and Gaussian. This grouping is determined by
the convolution matrix contents or the weight assigned to each pixel
depending on the geographical position of that pixel in relation to the
central matrix pixel.

IMAQ Vision supplies a set of standard convolution kernels for each
family and for the usual sizes (3 x 3,5 x5 and 7 x 7). These convolution
kernels are accessible from the VI IMAQ GetKernel. You can also
create your own kernels. The contents of these user-defined kernels are
chosen by the user, and the size of the kernel is virtually unlimited. With
this capability, you can create special effect filters.

The purpose of the nonlinear filters is to either extract the contours
(edge detection) or remove the effect or the isolated pixels. The VI
IMAQ EdgeDetection provides six different methods for contour
extraction (Differentiation, Gradient, Prewitt, Roberts, Sigma, Sobel).
The harmonization of pixel values can be performed with two VIs each
using a different method: IMAQ NthOrder and IMAQ LowPass. These
Vls require that a kernel size and order number (IMAQ NthOrder) or
percentage (IMAQ LowPass) is specified on input.
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IMAQ Convolute

Filters an image using a linear filter. The calculations are performed either with integers
or floating points, depending on the image type and the contents of the kernel.

BIEGE [ [2[8)

Divider [kemel sum] ————
Image Src @ Image Dt Out

Image b ask =F
Image Dstfﬂ 12

error in [no error)

Divider (kernel sum)is a normalization factor that can be applied to the
sum of the obtained products. Under normal conditions the divider
should not be connected. If connected (and not equal to 0), the elements
internal to the matrix are summed and then divided by this
normalization factor.

Image Srcis the image reference source. It must be an 8-bit or RGB
image.

F
Image Maskis an 8-bit image that specifies the region in the image to
modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
corresponding to this criteria keep their original value. The complete
image is modified ilmage Maskis not connected.

= Image Dstis the reference of the image destination. If it is connected,
it must be the same type as thege Src

[56L] Kernel is a 2D array that contains the convolution matrix to be applied
to the image. The size of the convolution is fixed by the size of this
array. The array can be generated by using standard G programming
techniques or the ViIs IMAQ GetKernel or IMAQ BuildKernel. If the
dimensionsXY) produced by this array are not greater than 3, the filter
is considered null and the output image is identical to the input image.

= errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Image Dst Outis the reference to the destination (output) image which

T
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced Inyage Src
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Any image connected to the inpmage Dstmust be the same image type connected to
Image Src The image type connected to the inpuage Mask must be an 8-bit image.

The connected source image must have been created with a border capable of supporting
the size of the convolution matrix. A 3 x 3 matrix must have a minimum border of 1,

a 5 x 5 matrix must have a minimum border of 2, and so forth. The border size of the
destination image is not important.

A convolution matrix must have odd-sized dimensions so that it contains a central pixel.
The function does not take into account the odd boundary, furthest out on the matrix, if
one of theKernel dimensions is even. For example, if the indetnel is 6 x 4 K =6

andY = 4), the actual convolution is 5 x 3. Both the sixth line and the fourth are ignored.
Remember, the second dimension in a G array is the vertical dire¥tjon (

Calculations made with an 8-bit or 16-hitage Srcinput are made in integer mode
provided that the kernel contains only integers. Calculations made with a 32-bit
floating-pointimage Srcinput are made in floating-point mode. Note that the processing
speed is correlated with the size of the kernel. A 3 x 3 convolution processes nine pixels
while a 5 x 5 convolution processes 25 pixels.

IMAQ GetKernel

Reads a predefined kernel. This VI uses the contents of a convolution catalog
(imagknl.txt ). This VI outputs a specified kernel after reading the kernel-associated
code. This code consists of three separate uéisiel Family, Kernel Size andKernel
Number. If you already know the code, you can enter it directly \ihnel Code.

[2][2)

K.ermel Family ® 2 Divider
kermel Size (3.5....] - = Eemel

e 45

F.emel Mumber |_ k.emel code
K.ernel Code ﬂmj_Lmn errar ault
error in [no ermor|
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Kernel Family determines the type of matrix. The valid values are
between 1 and 4, each associated with a particular type. This value
corresponds to the thousandth unit in the researched code.

1 Gradient
2 Laplacian
3 Smoothing

4  Gaussian

Kernel Size (3,5,...determines the horizontal and vertical matrix size.
The values are 3, 5, and 7, corresponding to the convolutions 3 x 3,
5x 5, and 7 x 7 supplied in the matrix catalog. This value corresponds
to the hundredth unit in the researched code.

Kernel Number is the matrix family number. It is a two-digit number,
between 0 and, belonging to a family and a size. A number of
predefined matrices are available for each type and size.

Kernel Codeis a code that permits direct access to a convolution matrix
cataloged in the filémagknl.txt . Each code specifies a specific
convolution matrix. This input is used under the conditions that it is
connected and is not 0. The kernel located in the file then is transcribed
into a 2D G array that is available from the outidatnel. The user can

use the codes to specify a predefined kernel as well as to create new
user-coded kernels. The coding syntax is simple to employ and is
broken down in he following manner.

FSnn

where Fis the kernel family (1 to 4),
Sis the kernel size (3,5, and so forth), and
nnis the kernel number (based on the family and size of the kernel).

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Divider is the normalization factor associated with the retrieved kernel.

IMAQ Vision for G Reference Manual 17-4 © MNational Instruments Corporation



[5GL]

Example

Chapter 17 Filter Vis

Kernel is the resulting matrix. It corresponds to a kernel encoded by a
code specified from the inpukernel Family, Kernel Size andKernel
Number or a from a code directly passed through the infarhel

Code This output can be connected directly to the irkrnel in

IMAQ Convolute.

Kernel codeindicates the code that was used to retrieve the kernel.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

For the kernel code 1300, the kernel family is gradient, the kernel size is 3 x 3, and the
kernel numberr(n) is 00. The matrix is

IMAQ BuildKernel

-1 0 1
-1 0 1
-1 0 1

Constructs a convolution matrix by converting a string. This string can represent either
integers or floating-point values.

(2] (4]

Kermnel String aee R k.emel
[ B

error in [no ermor) error out

Kernel String is a string listing the coefficients forming the matrix.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9| Overview and Programming
Concepts
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[5GL] Kernel is the resulting matrix converted from the input string. This
output can be connected directly to the inkatnel in IMAQ
Convolute.
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The column separator can be either a comma, a semi-colon, or a blank space. The line
separator is a hard return. For example, the string 111111 produces a
3 x 3 matrix with all coefficients set ta

IMAQ EdgeDetection

Extracts the contours (detects edges) in gray-level values. Any image connected to the
input Image Dstmust be the same image type connectddhmge Src The image type
connected to the inplihage Maskmust be an 8-bit image. The connected source image
must have been created with a border capable of supporting the size of the processing
matrix. For example, a 3 x 3 matrix has a minimum border size of 1. The border size of
the destination image is not important.

BIEIE [ [2)[2]

Threshold Yalue ————
Image Src £ Image Dzt Out

J—
Image Maskfﬂ oy

Image Drst
~ Method ﬂgm error ot
ermar in (o error)

Threshold Valueis the minimum pixel value to appear in the resulting
image. It is rare to use a value greater than 0 for this type of processing

because the results from this processing are usually very dark and are
not very dynamic. The default is 0.

Image Srcis the image reference source.

Image Maskis an 8-bit image that specifies the region in the image to
modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
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corresponding to this criteria keep their original value. The complete
image is modified iflmage Maskis not connected.

Image Dstis the reference of the image destination. If it is connected,
it must be the same type as theage Src

Method specifies the type of edge-detection filter to use. The following
table lists some of the available filters.

0 Differentiation  (Default) Processing with a 2 x 2 matrix

1 Gradient Processing with a 2 x 2 matrix
2  Prewitt Processing with a 3 x 3 matrix
3 Roberts Processing with a 2 x 2 matrix
4  Sigma Processing with a 3 x 3 matrix
5 Sobel Processing with a 3 x 3 matrix
Note: See theNonlinear Filterssection of Chapter 5Spatial Filtering for more

information about these filters.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referenced lbyage Src

o error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ NthOrder

Orders (or classifies) the pixel values surrounding the pixel being processed. The data is
placed into an array and the pixel being processed is set to the Nth pixel value, the Nth
pixel being the ordered number.

B EIE [ [2][2)

Size & Order # smmmmmmmm——y
Image Src T Image Dst Out
Image Mask ===/ #3,
Image Drat f—ﬂ_
ermor in [ho errar) efror out
[=0s) Size & Order #is a cluster that specifies the following variables.
X Sizeis the size of the horizontal matrix axis. The default is 3.
Y Sizeis the size of the vertical matrix axis. The default is 3.
Order # is the order number chosen after classing the values.
The default is 4.
Image Srcis the image reference source.
= Image Maskis an 8-bit image that specifies the region in the image to

modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
corresponding to this criteria keep their original value. The complete
image is modified ilmage Maskis not connected.

Image Dstis the reference of the image destination. If it is connected,
it must be the same type as thege Src

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referencedlbyage Src

=mo

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Note: See theNonlinear Filterssection of Chapter 5Spatial Filtering for more
information about the Nth order filter.

Any image connected to the inpmage Dstmust be the same image type connected to
Image Src The image type connected to the inpuage Mask must be an 8-bit image.

The connected source image must have been created with a border capable of supporting
the size of the convolution matrix. A 3 x 3 matrix must have a minimum border of 1,

a 5 x 5 matrix must have a minimum border of 2, and so forth. The border size of the
destination image is not important.

The default for this VI is a 3 x Bledian operatiorwith X = 3,Y = 3, andOrder= 4. To
change to a 5 x 5 Median operation, the cluster must take the vatuésY = 5, and
Order = 12. In this last example, the order number is determined by calculating the
central pixel number in the array. For a 5 x 5 convolut@rder = 12 (the thirteenth
pixel) because that pixel is the center pixel number for a 2D array of 25 pixels.

A lighter image results when using a higher order number (such as 7 in a 3 x 3 matrix).
Darker images result when using a lower order number (such as 1 in a 3 x 3 matrix).

A median (center-pixel) operation is advantageous because it standardizes the gray-level
values without significantly modifying the form of the objects or the overall brightness
in the image.

If the order value that is entered is 0, then the image obtained is representative of the local
minimum from the source image. If the order value that is passed is equal to

[(X Sizex Y Size — 1], then the obtained image is representative of the local maximum
from the source image.
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IMAQ LowPass

Calculates the inter-pixel variation between the pixel being processed and those pixels
surrounding it. If the pixel being processed has a variation greater than a specified
percentage, it is set to the average pixel value as calculated from the neighboring pixels.

B EIE (%) [2)[2]

Size & Tolerance smmmmmsy
Image Src P Image Dst Out
Image Mazk === ¥y
Image Datet E 1
errar in [ho error) errar aut
[=0s) Size & Toleranceis a cluster that specifies the following variables.
X Sizeis the size of the horizontal matrix axis. The default is 3.
Y Sizeis the size of the vertical matrix axis. The default is 3.
% Tolerance is the maximum variation authorized. The
default is 40%.
Image Srcis the image reference source.
Image Maskis an 8-bit image that specifies the region in the image to

modify. Only pixels in the original image that correspond to the
equivalent pixel in the mask are replaced by the values in the lookup
table (provided that the value in the mask is not 0). All pixels not
corresponding to this criteria keep their original value. The complete
image is modified ilmage Maskis not connected.

Image Dstis the reference of the image destination. If it is connected,
it must be the same type as theage Src

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referencedlbyage Src

=mo

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Note: See theNonlinear Filterssection of Chapter 5Spatial Filtering for more
information about the lowpass filter.

Any image connected to the inpmage Dstmust be the same image type connected to
Image Src The image type connected to the inpuage Mask must be an 8-bit image.

The connected source image must have been created with a border capable of supporting
the size of the convolution matrix. A 3 x 3 matrix must have a minimum border of 1,

a 5 x 5 matrix must have a minimum border of 2, and so forth. The border size of the
destination image is not important.

IMAQ Correlate

Computes the normalized cross correlation between the source image and the template
image.

[ [2)[8)

Optional Rectangle

Image S Image Dzt Out
Image Template
Image Dt ==
eror in [no emor| rror out
[=0s] Optional Rectangledefines an array (four elements) containing the

coordinates (Left / Top / Right / Bottom) of the region in the source
image that is used for the correlation process. Correlation is applied to
the entire image if the input is empty or not connected.

Image Srcis a reference to the source image. The normalized cross
correlation is performed between this image and the template image.
This image must be an 8-bit image.
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Note:

Image Templateis a reference to a template image. This image must
be an 8-bit image. For the correlation, the center of the template image
is used as the origin.

Image Dstis the reference of the image destination. If it is connected,
it must be the same type as theage Src

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis an 8-bit image that contains the cross-correlation
values normalized to lie in the range [0, 255]. A value of 255 indicates
a very high correlation and a value of 0 indicates no correlation.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Correlation is a time-intensive operation. You can reduce the time required
to perform a correlation by keeping the template size small and reducing
the search area in the source image by using the optional rectangle.

IMAQ Vision for G Reference Manual 17-12 © MNational Instruments Corporation



Morphology Vs

This chapter describes the Morphology Vls in IMAQ Vision. The
morphological transformations are divided into two groups: binary
morphology and gray-level morphology.

In binary morphology, the pixels are considered to exist in either of two
states. The pixels are present (for pixel values other than 0) or absent
(for pixel values equal to 0). The two types of binary processing
available, primary and advanced, perform one of two actions: They
activate and deactivate pixels. However, with gray-level morphology, a
pixel is compared to those pixels surrounding it, to keep those pixel
values that are the smallest (erosion) or the largest (dilation). VIs
responsible for binary morphological transformations only accept an
8-bit image while the VI for gray-level morphological transformations
(using IMAQ GrayMorphology) accepts 8-bit 16-bit, or 32-bit
floating-point images.

An image is considered to be binary after it has undergone a threshold
(IMAQ Threshold, IMAQ AutoBThreshold, and so forth). Binary
morphology is divided into two groups in IMAQ Vision. The primary
operations are all performed by a single VI (IMAQ Morphology). This
VI performs erosions, dilations, openings, closings, and contour
extractions. The advanced operations are performed by multiple Vls,
each responsible for a single type of operation. These types of
operations include the separation of particles, removing either small or
large particles, filling holes in particles, removing particles that touch
the boundary of the image border, and creating the skeleton of particles.

Morphological transformations are performed using an object known as
a structuring element. This structuring element allows you to control the
effect of the functions on the shape and the boundary of object. In
IMAQ Vision, the structuring element is a 2D array that specifies, by its
size and contents, which pixels are to be processed and which pixels are
to be left unchanged. A structuring element must have a center pixel and
therefore must contain an odd-sized axis. The contents of the
structuring element are also considered to be binary (0 or not 0). The
most often used structuring element is 3 x 3 and contains only values of
1. This is usually the default model for binary and gray-level
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morphological transformations. You need at least a basic understanding
of structuring elements before experimenting with user-chosen sizes
and contents. The majority of the VIs for advanced morphology do not
possess an input for structuring element because only the standard

3 x 3 default is useful.

The connected source image for a morphological transformation must
have been created with a border capable of supporting the size of the
structuring element. A 3 x 3 structuring element requires a minimal
border of 1, a 5 x 5 structuring element requires a minimal border of 2,
and so forth.

The inputSquare/Hexais available for certain VIs that perform
morphological transformations. This concept introduces a variable for
the perception of ammage framgaligned or shifted), which has an
influence on the decision to include or not include pixels in the
processing. The figure shown below illustrates the difference between
a 3 x 3and 5 x 5 structuring element in a square frame and a
hexagonal frame.

Square 3 x 3 Hexagonal 3 x 3

HIEIEIEIE IR
oleleele @|ele|le| |
FIEIEIEAE EIEIEIEIE]
glele|ele elelele] |
HEIEIEIE | |&|ele
Square 5 x5 Hexagonal 5 x 5

When processing in hexagonal mode, the elements [2, 0] and [2, 2] from
the 3 x 3 structuring element are not used. The same holds true for the
elements [0, 0], [4, 0], [4, 1], [4, 3], [0, 4] and [4, 4] if the
transformation is made with a 5 x 5 structuring element.
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The inputConnectivity 4/8 (default is 8) is used for the advanced
morphology Vlis: IMAQ RemoveParticle, IMAQ RejectBorder, and
IMAQ FillHole. These VIs use this input to determine whether or not a
neighboring pixel is considered to be part of same particle. The
difference is illustrated below.

& BB |8
& (.| e .| e
& B8 |8
Connectivity 4 Connectivity 8

IMAQ Morphology

Performs primary morphological transformations. All source images must be 8-bit binary
images. The connected source image for a morphological transformation must have been
created with a border capable of supporting the size of the structuring element. A 3 x 3
structuring element requires a minimal border of 1, a 5 x 5 structuring element requires
a minimal border of 2, and so forth. The border size of the destination image is not

important.
SI:IUEITE."IHEHEI [SCIUEITE] ..................... 3
Image Src MarpH Irmage Dst Out
Image Dt =4 Py
Operation jg 12
Structurning Element —me: ermaor ouk
efrar in [no erraor
Square/Hexa (Square)specifies whether the pixel frame is treated as
square or hexagonal during the transformation. The default is square.
= Image Srcis the reference to the source (input) image.
Image Dstis the reference to the destination image. If it is connected,

it must be the same type as theage Src
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Operation specifies the type of morphological transformation
procedure to use. The default is 0.

0 AutoM (Default) Auto median

1 Close Dilation followed by an erosion

2 Dilate Dilation (the opposite of an erosion)

3 Erode Erosion that eliminates isolated background pixels

4  Gradient Extraction of internal and external contours of a
particle

5 Gradient out Extraction of exterior contours of a particle

6 Gradientin Extraction of interior contours of a particle

7  Hit miss Elimination of all pixels that do not have the same
pattern as found in the structuring element

8 Open Erosion followed by a dilation

9 PClose A succession of 7 closings and openings

10 POpen A succession of 7 openings and closings

11 Thick Activation of all pixels matching the pattern in the
structuring element

12 Thin Activation of all pixels matching the pattern in the
structuring element

[132] Structuring Element is a 2D array that contains the structuring

element to be applied to the image. The size of the structuring element

(the size of this array) determines the processing size. A structuring
element of 3 x 3 is used if this input is not connected.

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Image Dst Outis the reference to the destination (output) image which

T
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced Inyage Src
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

A structuring element must have odd-sized dimensions so that it contains a central pixel.
The function does not take into account the odd boundary, furthest out on the matrix, if
one of the dimensions for the structuring element is even. For example, if the input
structuring element is 6 x K(= 6 andY = 4), the actual processing is performed at

5 x 3. Both the sixth line and the fourth row are ignored. Recall that the second dimension
in a G array is the vertical directioi ). The processing speed is correlated with the size

of the structuring element; for example, a 3 x 3 convolution processes nine pixels while
a 5 x 5 convolution processes 25 pixels.

GrayMorphology

Performs morphological transformations that can be directly applied to gray-level
images. All source and destination image types must be the same. The connected source
image for a morphological transformation must have been created with a border capable
of supporting the size of the structuring element. A 3 x 3 structuring element requires a
minimal border of 1, a 5 x 5 structuring element requires a minimal border of 2, and so
forth. The border size of the destination image is not important.

(5] 8] [R) [ [2][2)

SquarE—'fIHEHa [Square] ._
Image Src Marph Image Dst Out

I Drgt ==t
mage Dz o 74

Operation j
Structuring Element mj_Lunnn ermar out
&rrar in (o errar]

Square/Hexa (Square)kpecifies whether the pixel frame is treated as
square or hexagonal during the transformation. The default is square.

Image Srcis the reference to the source (input) image.
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[132]

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

Operation specifies the type of morphological transformation
procedure to use. The default is 0.

0 AutoM (Default) Auto median

1 Close Dilation followed by an erosion

2 Dilate Dilation

3 Erode Erosion

4  unused

5 unused

6 unused

7 unused

8 Open Erosion followed by a dilation

9 PClose A succession of 7 closings and openings
10 POpen A succession of 7 openings and closings

Structuring Element is a 2D array that contains the structuring
element to be applied to the image. The size of the structuring element
(the size of this array) determines the processing size. A structuring
element of 3 x 3 is used if this input is not connected.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Image Dst Outis the reference to the destination (output) image which

Sa
= receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced Inyage Src
error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section

IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

A structuring element must have odd-sized dimensions so that it contains a central pixel.
The function does not take into account the odd boundary, farthest out on the matrix, if
one of the dimensions for the structuring element is even. For example, if the input
structuring element is 6 x XE 6 andY = 4), the actual processing is performed at 5 x 3.
Both the sixth line and the fourth row are ignored. Recall that the second dimension in a
G array is the vertical directiory). The processing speed is correlated with the size of
the structuring element. For example, a 3 x 3 convolution processes nine pixels while a
5 x 5 convolution processes 25 pixels.

IMAQ Distance

Encodes a pixel value of a particle as a function of the location of that pixel in relation
to the distance to the border of the particle. The source image must have been created
with a border size of at least 1 and must be an 8-bit binary image. This function requires
the creation of a temporary memory space that is twice the size of the source image.

[2)[2)

Image Src & fl Image Dt Out
Imange Dt =eeoeeed @) 45

efrar in [ho error] errar out
Image Srcis the reference to the source (input) image.
o Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src
error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section

IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
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Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

=mo

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ Danielsson

Returns a distance map based on the algorithms of DanielssoBaffEsson distance
map produces images and data that are similar to IMAQ Distance but are much more
accurate. In most cases it is recommended that you use this function instead of IMAQ
Distance.

) (&)

Image Src @49 Image Dt Out
Imange Dzt === 45

eror in [no ermor] error aut

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

A B

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

o

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Ifithage Dstis connected,
thenlimage Dst Outis the same asnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

o

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ RemoveParticle

Eliminates or keeps particles resistant to a specified number of 3 x 3 erosions. The
particles that are kept are exactly the same as those found in the original source image.
The source image must be an 8-bit binary image. This function requires the creation of a
temporary memory space that is twice the size of the source image.

(2] (3]

Connectivity 4/8 (2]
Sguare/Hexa [Square) s
Image Src = Image Dst Ot

Image Dist = '«

Mumber of Erazion —

Low Pass/High Pass [Low] -

ermar in [no errar]

errar out

Connectivity 4/8 (8)specifies how the algorithm determines whether
an adjacent pixel is the same or different particle. The default is 8.

T

"

Square/Hexa (Square)specifies whether the pixel frame is treated as
square or hexagonal during the transformation. The default is square.

n

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

Number of Erosion specifies the number of 3 x 3 erosions to apply to
the image. The default is 2.

Low Pass/High Pass (Low}¥pecifies whether the objects resistant to
erosions are discarded or kept (default).

n

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

ERERERERCENCERE

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referenced lbyage Src

gn.
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ FillHole

Fills the holes found in a particle. The holes are filled with a pixel value of 1. The source
image must be an 8-bit binary image. This operation requires the creation of a temporary
memory space that is equal to the size of the source image.

2] (&)

Image Src @l Image Dgt Out
Imange Dt =i £k
erar in (o errar] ermar oLt

Image Srcis the reference to the source (input) image.

o

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

o

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflinage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

e error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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In the following example, the central empty portion is a hole and therefore is filled with
a connectivity of 8. With a connectivity of 4, this function leaves the hole unchanged.

Note: The holes found in contact with the image border are never filled because
it is impossible to determine whether these holes are part of a particle
or not.

IMAQ RejectBorder

Eliminates particles that touch the border of an image. The source image must be an 8-bit
binary. This operation requires the creation of a temporary memory space that is equal to
the size of the source image.

(2] ()

Image Src ® Image Dt Out
Image [ st =———={@ 4%
eror in [ho ermar] | error out

Image Srcis the reference to the source (input) image.

Cao
Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src
o errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Image Dst Outis the reference to the destination (output) image which

receives the processing results of the VI. Ifithage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referenced lbyage Src
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error out is a cluster that describes the error status after this VI

Sa o
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
IMAQ Convex

Calculates a convex envelope for particles that are labeled in an image. You need to
execute IMAQ Label prior to this VI in order to label the objects in the image.

2] (&)

Image Src c Image Dst Out
Image Dat =@ {5
&rrar in (o errar] errar oLt

Image Srcis the reference to the source (input) image.

Fi
Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src
= errorin (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflinage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

e error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ Circles

Separates overlapping circular objects and classifies them based on their radius, surface
area, and perimeter. Starting from a binary image, it finds the radius and center of the
circular objects even when multiple circular objects overlap. In addition, this VI can trace
the circles in the destination image. It constructs and uses a Danielsson distance map to
determine the radius of each object.

[2)[2)

Image Src Image Dst Out
ok L i
Irmage Dt “m fﬁ% MHb Circles

Min Radius Circles Data
Max Badius i_j_me eror aut
ermar in (o erarl

IMAQ Circles works correctly only for circles that have a radius less than
or equal to 256 pixels.

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

Min Radius is the smallest radius (in pixels) that is detected. Circles
possessing a radius smaller than this value do not appear in the
destination image and have a negative radius value in the @itplgs
Data. The default is 1.

HEE °
of ®

Max Radius (default 10) is the largest radius (in pixels) that is detected.
Circles possessing a radius larger than this value do not appear in the
destination image and have a negative radius value in the @itplés

Data. The default is 10.

g

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
== Image Dst Outis the reference to the destination (output) image which

receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referencedlbyage Src
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Nb Circlesreturns the number of detected circles in the image

Note: Circles with a radius outside the limits of Min Radius or Max Radius also
are included in this number.

[=0s] Circles Datareturns an array of measurements for all detected circles.
Each element in the array has a structure containing the following
elements:

Pos. Xis the horizontal position (in pixels) of the center of the
circle.
Pos. Yis the vertical position (in pixels) of the center of the
circle.
Radius is the radius of the circle (in pixels). Circles with a
- radius outside the limits dflin Radius or Max Radius
contain negative radius values.
Core Areais the surface area (in pixels) of the nucleus of the
circle as defined by the Danielsson distance map.
error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
IMAQ Segmentation

Starting from a labeled image, calculates the zones of influence between particles. Each
labeled particle grows until the particles reach their neighbors, at which time this growth
is stopped. The source image must have a border greater than or equal to 1.

2] (&)

Image Src F Image Dt Out
Image [1st =g <k
errar in (o error] | error ot
Image Srcis the reference to the source (input) image.
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IMAQ Skeleton

Chapter 18 Morphology Vs

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referenced lbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Starting from a binary image, calculates a skeleton from particles within
an image or the lines delineating the zones of influence (skeleton of an
inverse image). The source image must have a border greater than or
equal to 1.

(2] [2)

Mode ————

Image Src s Image Dst Out
Image Dat =@ 1%
errar in [ho erar] errar oLt

Mode specifies the type of skeleton to perform. The default is 0.

0 Skeleton L uses this type structuring element:

1
1]1
11

[m=] o] o]
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o

1 Skeleton M uses this type structuring element:

il
o1
il

2  Skiz is an inverse skeleton (Skeleton L on an inverse image).

Image Srcis the reference to the source (input) image.

Image Dstis the reference to the destination image. If it is connected,
it must be the same type as theage Src

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflinage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ Separation

Separates touching particles, particularly small isthmuses found between particles. It
performsn erosionstf = Nb of erosiong and then reconstructs the final image based on

the results of the erosion. If during the erosion process an existing isthmus has been
broken or removed, then the particles are reconstructed without the isthmus. The
reconstructed particles, however, have the same size as the initial particles except that
they are separated. If during the erosion process no isthmus has been broken, then the
particles are reconstructed as they were initially found (no changes are made). The source
image must be an 8-bit binary image. The source image must have a border greater than
or equal to 1.

(&) ()

SCIUEITE."IHEHEI [SquarE] ..................... ._
Image Src - Image Dzt Out
Image Dzt = g ?h

Mb of Emzion f
Structuring Element mJ_me erar aut
eror in [na errar]

Square/Hexa (Squarespecifies whether the pixel frame is treated as
square or hexagonal during the transformation. The default is square.

Image Srcis the reference to the source (input) image.

= Image Dstis the reference to the destination image. If it is connected,

it must be the same type as theage Src

Nb of Erosion specifies the number of erosions that are used to separate
the particles. The default is 1.

[132] Structuring Element is a 2D array that contains the structuring
element to be applied to the image. The size of the structuring element
(the size of this array) determines the processing size. A structuring
element of 3 x 3 is used if this input is not connected.

error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Image Dst Outis the reference to the destination (output) image which

EE
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referenced Inyage Src
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section

IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts

The following graphic illustrates the processing performed with this function.

Source Image

—

-

Resulting Image
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L

This chapter describes the Analysis Vs in IMAQ Vision.

IMAQ Histogram

Calculates the histogram of an image.

BIEG A

Image adk Histogram Report
Image: task = & <4

Mumber of Claszes — r
Interval Range mij error out
&rrar in (o error)

Image is the input source image used for calculating the histogram.

Image Maskis an 8-bit image specifying the region in the image to use
for calculating a histogram. Only pixels in the original image that
correspond to the equivalent pixel in the mask are used for calculating
the histogram (provided that the value in the mask is not 0). A histogram
on the complete image occurs if tleage Maskis not connected.

Number of Classesspecifies the number of classes used to classify the
pixels. The number of obtained classes differs from the specified
amount in a case in which the minimum and maximum boundaries are
overshot in thénterval Range. It is advised to specify an even number
of classes (for example, 2, 4, or 8) for 8-bit or 16-bit images. The default
value is 256, which is designed for 8-bit images. This value gives a
uniform class distribution or one class for each pixel in a 8-bit image.

Interval Range is a cluster specifying the minimum and maximum
boundaries for the histogram calculation. Only pixels having a value
that falls in this range are taken into account by the histogram
calculation. This cluster is composed of the following elements.

=mo
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Minimum is the minimum interval value. The default value of
(0, 0) insures that the real minimum value is determined by the
source image, as described in the following table.

Image Type Minimum Value Used
0,0)
Minimum pixel value found in the image
@ Minimum pixel value found in the image

Maximum is the maximum interval value. The default value of
(0, 0) insures that the real maximum value is determined by the
source image, as described in the following table.

Image Type Maximum Value Used
255
Maximum pixel value found in the image
@ Maximum pixel value found in the image
error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Histogram Reportis a cluster that returns the histogram values. This

cluster contains the following elements.

IMAQ Vision for G Reference Manual

Histogram returns the histogram values in an array. The
elements found in this array are the number of pixels per class.
Thenth class contains all pixel values belonging to the interval
[(Starting Valuet (n — 1) xInterval Width,

(Starting Valuet n x (Interval Width— 1))].
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Minimal Value returns the smallest pixel value used in
calculating the histogram.

Maximal Value returns the largest pixel value used in
calculating the histogram.

Starting Value returns the smallest pixel value from the first
class calculated in the histogram. It can be equal to the
Minimal value from thdnterval Range or the smallest value
found for the image type connected.

EEE

Interval Width returns the length of each class.

Mean Valuereturns the mean value of the pixels used in
calculating the histogram.

Standard Deviationreturns the standard deviation from the
histogram A higher value corresponds to a better distribution
of the values in the histogram and the image.

Area (pixels) returns the number of pixels used in the
histogram calculation. This is influenced by the values
specified ininterval Range and the contents dimhage Mask

i BEEE

error out is a cluster that describes the error status after this VI

Sao
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9| Overview and Programming
Concepts
IMAQ Histograph

Calculates the histogram from an image. This VI returns a data type (cluster) compatible
with a LabVIEW or BridgeVIEW graph.

(2] el [R) A

Image Lo Higtogram Graph
] E—— |
Image Maszk, @ bean Walue

Murmber of Clazzes m—';r““ Standard Dewviation
[ntereal A ange mj_me errar aut
eror in [no eror)

Image is the input source image used for calculating the histogram.
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Image Maskis an 8-bit image specifying the region in the image to use
for calculating a histogram. Only pixels in the original image that
correspond to the equivalent pixel in the mask are used for calculating
the histogram (provided that the value in the mask is not 0). A histogram
on the complete image occurs if thheage Mask is not connected.

Number of Classesspecifies the number of classes used to classify the
pixels. The number of obtained classes differs from the specified
amount in a case in which the minimum and maximum boundaries are
overshot in thénterval Range. You are advised to specify an even
number of classes (for example, 2, 4, or 8) for 8-bit or 16-bit images.
The default value is 256, which is designed for 8-bit images. This value
gives a uniform class distribution or one class for each pixel in a 8-bit
image.

Interval Range is a cluster specifying the minimum and maximum
boundaries for the histogram calculation. Only pixels having a value
that falls in this range are taken into account by the histogram
calculation. This cluster is composed of the following elements.

Minimum is the minimum interval value. The default value of
(0, 0) insures that the real minimum value is determined by the
source image, as described in the following table.

Image Type Minimum Value Used
0
Minimum pixel value found in the image
@ Minimum pixel value found in the image
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Maximum is the maximum interval value. The default value of
(0, 0) insures that the real maximum value is determined by the
source image, as described in the following table.

Image Type Maximum Value Used

255

Maximum pixel value found in the image
@ Maximum pixel value found in the image
errorin (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Histogram Graph is a cluster that returns the histogram values. This
cluster contains the following elements.

Starting Value returns the smallest pixel value from the first

class calculated in the histogram. It can be equal to the
Minimal value from thdnterval Range or the smallest value
found for the image type connected.

Incremental Value returns the incrementing value that

specifies how much to add &arting Value in calculating the
median value of each class from the histogram. The median
valuexp from thenth class is

Xn = Starting Value + n x Incremental Value

[u32] Histogram returns the histogram values in an array. The
elements found in this array are the number of pixels per class.
Thenth class contains all pixel values belonging to the interval
[(Starting Valuet+ (n — 1) xInterval Width), (Starting Valuet
n x (Interval Width— 1))].

Mean Value returns the mean value of the pixels used in calculating
the histogram.
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histogram and the image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Standard Deviationreturns the standard deviation from the histogram.
The higher this value, the better the distribution of the values in the

The following figure shows the interval for calculating a histograimere nis the
number of pixels and is the indexing number.

IMAQ LineProfile

Calculates the profile of a line of pixels. This VI returns a data type (cluster) compatible
with a LabVIEW or BridgeVIEW graph. The relevant pixel information is taken from the
specified vector (line).

B EIE [2]

Image i Line Graph
Line Coordinates CEL Line Infarmation
Global Rectangle
ermar in [ho erraor) ermar oyt

Image is the input source image used for calculating the line profile.

Line Coordinatesare an array specifying the pixel coordinates that
form the end-points of the line.
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Note: A line with the coordinates [0, 0, 0, 255] is formed from 256 pixels. Any
pixels designated by the Line Coordinates found outside the actual image
are set to 0 in Line Graph.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=T Line Graph is a cluster that contains the line profile with an X origin at
0 and an increment of 1. The cluster contains the following elements.

x0 always returns 0.

dx always returns 1.

B E

[56L] Pixels Linereturns the line profile calculated in an array in
which elements represent the pixel values belonging to the
specified vector.

L!ne Informat!on isa cIu;trer containing.relevant information about the
pixels found in the specified vector. This cluster contains the following
elements.

Min returns the smallest pixel value found in the line profile.
Max returns the largest pixel value found in the line profile.
Mean returns the mean value of the pixels found in the line
profile.

Var returns the standard deviation from the line profile.

Count found in the line profile.

H [ E B E

Global Rectangleis a cluster that contains the coordinates of a
bounding rectangle for the line in the image. The following elements are
included in the cluster.

x1Left indicates the coordinates for the upper-left corner of the
rectangle.
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y1Top indicates the coordinates for the top-left corner of the
rectangle.
x2Right indicates the coordinates for the lower-right corner of

the rectangle.

y2Bottom indicates the coordinates for the bottom-right corner
of the rectangle.

i error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ LinearAverages

Computes the average pixel intensity (mean line profile) on whole or part of the image.

BIEIGE 2]

Image Src (=] H Bz Averages
Optional Rectangle = E]E{h = Bz deverages

% B .-“-‘-.:-_:is Averages
efrar in [no error) mJ_LmK -t Az Averages
error ouk

Image Srcis the reference to the source (input) image.

Cao
Optional Rectangledefines an array (four elements) containing the
coordinates (Left / Top / Right / Bottom) of the region to extract. The
operation is applied to the entire image if the input is empty or not
connected.

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

X Axis Averagesis the linear average along each column in the image.

e’
&
L

[56L] Y Axis Averagesis the linear average along each row in the image.
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[5GL] X +Y Axis Averagesis the linear average along each diagonal running
from bottom-left to top-right.

[56L] X - Y Axis Averagesis the linear average along each diagonal running
from top-left to bottom-right.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ Quantify

Quantifies the contents of an image or the regions within an image. The region definition
is performed with a labeled image mask. Each mask has a single unique value.

BEGE (2] [2)

Image g Global Repart
Image i azk ®  hfp==== Feqion Feparts
eror in [no eror) error out
Image is the input source image.
o Image Maskis an 8-bit image specifying the regions to quantify in the

image. Only pixels in the original image that correspond to the
equivalent pixel in the mask are used for the quantification. Each pixel
in this image (mask) indicates, by its value, which region belongs the
corresponding pixel itmage. 255 different regions can be quantified
directly from thelmage. A quantification is performed on the complete
image if thelmage Maskis not connected.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=T Global Reportis a cluster containing the quantification data relative to
all the regions within an image (or the entire image iflthage Mask
is not connected). The following elements are contained in this cluster.
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[=0s]

IMAQ Centroid

Mean Value of the pixels is returned.

Standard Deviationof the pixel values is returned. It indicates
the distribution of the values in relation to the average. The
higher this value, the better the distribution of the pixel values.

Minimal Value returns the smallest pixel value.
Maximal Value returns the largest pixel value.

Area (calibrated) returns the analyzed surface area in
user-units.

Area (pixels)returns the analyzed surface area in pixels.

% returns the percentage of the analyzed surface in relation to
the complete image.

Region Reportsis a cluster containing the quantification data relative
to each region within an image (or the entire image ifiitiege Mask

is not connected). Theth element in this array contains the data
regarding thenth region. The size of this array is equal to the largest
pixel value inimage Mask The returned data is identical to the data in
Global Report.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Computes the energy center of the image.

B EIE

[2][2)

2Iror in [no error)

Image Centroid
Imane bagk =@ £k
JL

errar aut
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Image is the reference to the image whose centroid has to be calculated.

Image Maskis an 8-bit image specifying the region in the image to use
for calculating a centroid. Only pixels in the original image that
correspond to the equivalent pixel in the mask are used for calculating
the centroid (provided that the value in the mask is not 0). A centroid
on the complete image occurs if tlleage Maskis not connected.

e

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9| Overview and Programming
Concepts

Centroid is a cluster containing the X and Y coordinates of the centroid
of the image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ BasicParticle

Detects and measures particles. This VI returns the area and position of particles in a

binary image.
[2][2)

Image B+ EF=EB aszic Repartz
@ fh MHurmber of Particles
ermar in (o erar) error oLk
o Image is the input source image used for calculating the matrices. The

image must be binary. A particle is considered to consist of pixels that
do not contain a null (0) value. The source image must have been
created with a border size of at least 2.

Connectivity 4/8 specifies the type of connectivity used by the
algorithm for particle detection. The connectivity mode directly
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determines whether an adjacent pixel belongs to the same particle or a
different particle. The default is 8. The following values are possible:

TRUE  Connectivity 8 (Default) Particle detection is performed in
connectivity mode 8.

FALSE Connectivity 4 Particle detection is performed in connectivity
mode 4.

e error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

[=0s] Basic Reportsis an array that returns a set of measurements from the
detected particles. This cluster contains the following elements.

Area (pixels)indicates the surface area of a particle in number
of pixels.

Area (calibrated) indicates the surface area of a particle in

user-defined units.

Global Rectangleis a cluster that contains the coordinates of a
bounding rectangle for a particle. The following elements are included
in the cluster.

x1Left indicates the coordinates for the upper-left corner of the
rectangle.

ylTopindicates the coordinates for the top-left corner of the
rectangle.

x2Right indicates the coordinates for the lower-right corner of
the rectangle.

y2Bottom indicates the coordinates for the bottom-right corner

of the rectangle.

Number of Particlesreturns the number of pixels detected in a particle.
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ ComplexParticle

Detects and measures patrticles. This VI returns a set of measurements made from
particles in a binary image.

[2][2)

Image == Complex Reports

@ Th Mumber of Particles
2Irar in [ho ermar] eror oLt
Image is the input source image used for calculating the matrices. The

image must be binary. A particle is considered to consist of pixels that
do not contain a null (0) value. The source image must have been
created with a border size of at least 2.

Connectivity 4/8 specifies the type of connectivity used by the
algorithm for particle detection. The connectivity mode directly
determines whether an adjacent pixel belongs to the same particle or a
different particle. The default is 8. The following values are possible.

TRUE  Connectivity 8 (Default) Particle detection is performed in
connectivity mode 8.

FALSE Connectivity 4 Particle detection is performed in connectivity
mode 4.

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9| Overview and Programming
Concepts

Complex Reportsis an array that returns a set of measurements from

[=] the detected particles. This cluster contains the following elements.
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Area (pixels)indicates the surface area of a particle in number
of pixels.

Area (calibrated) indicates the surface area of a particle in
user-defined units.

Perimeter is the perimeter size in user units.

Number of Holesis the number of holes in the particle.

Hole’s Area (pixels)is the total surface area of all the holes in
a particle (in pixels).

Hole’s Perimeteris the total perimeter size calculated from all
the holes in a particle (in user units).

Global Rectangleis a cluster that contains the coordinates of a
bounding rectangle for a particle. The following elements are
included in the cluster.

x1Left indicates the coordinates for the upper-left
corner of the rectangle.

ylTopindicates the coordinates for the top-left corner
of the rectangle.

x2Right indicates the coordinates for the lower-right
corner of the rectangle.

y2Bottom indicates the coordinates for the
bottom-right corner of the rectangle

> xis the sum of the X-axis for each pixel of the particle.

> yis the sum of the Y-axis for each pixel of the particle.

> xx is the sum of the X-axis squared for each pixel of the
particle.

> Xy is the sum of the X-axis and Y-axis for each pixel of the
particle.

> yyis the sum of the Y-axis squared for each pixel of the
particle.
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Longest Segment Lengths the longest segment length of the
particle.
Longest Segment Coordinateare the coordinates of the left

most pixel in the.ongest Segment Lengttof the particle. The
top-most segment coordinates are used in a case in which more
than ond_ongest Segment Lengtlexist. This cluster contains

the following parameters.

132 X is the x-axis (coordinate) of t_he pixel thg furthest left
- in theLongest Segment Lengthn the particle.

yis the y-axis (coordinate) of the pixel the furthest left
in theLongest Segment Lengthn the particle.

Projection x is half the sum of the horizontal segments in a
particle that do not overlap another adjacent horizontal
segment.

Projection y is half the sum of the vertical segments in a
particle that do not overlap another adjacent vertical segment.

Number of Particlesreturns the number of detected particles.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=mo

IMAQ ComplexMeasure

Calculates the coefficients of all detected particles. This VI returns an array of
coefficients whose measurements are based on the results sent from IMAQ
ComplexParticle.

[2] (4]

Complex Reports g ? Coefficients (2D

Complex Report = = Coefhicients [10]
@b Coefficient

Parameters |_
Parameter EJLm error out
error in [no ermor|
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H

Image is the same input source image that is used to measure the
particle coefficients by IMAQ ComplexParticle.

Complex Reportsis the output array of measurements from IMAQ
ComplexParticle. The measurements stored in each element of this
array are described in th®1AQ ComplexParticlesection.

Complex Reportis an extraction of the output array of measurements
from IMAQ ComplexParticle. The measurements stored in each
element of this array are described in thAQ ComplexParticle

section. This input is used only in a case in whiigmplex Reportsis

not connected, thereby specifying that the measurements are to be made
on a single particle.

Parametersis an array specifying a descriptor list of the coefficients
that the user wants to calculate. The user can calculate one or more
coefficients for one or more particles. The descriptor list is described in
the table for thé?arameter control.

Parameteris an array specifying a descriptor list of the coefficients that
the user wants to calculate. The user can calculate one or more
coefficients for one or more particles. This input is used only in a
situation in which the inpuParametersis not connected. The
descriptor list is described in the following table.

0 Area (pixels) surface area of particle in pixels
1 Area (calibrated) surface area of particle in user units
2 Number of holes number of holes
3 Hole's Area surface area of the holes in user units
4  Total area total surface area (holes and particles) in
user units
5 Scanned Area surface area of the entire image in user
units
6 Ratio Area/ percentage of the surface area of a particle
Scanned Area % in relation to the Scanned Area
7 Ratio Area/ percentage of a particle's surface area in
Total Area % relation to the Total Area
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12

13

14
15
16

17

18

19

20

21

22

23

24

25
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Center of mass (X)
Center of mass (Y)
Left column (X)
Upper row (Y)

Right column (X)

Lower Row (Y)

Width

Height

Chapter 19 Analysis VIs

X coordinate of the center of gravity
Y coordinate of the center of gravity
left X coordinate of bounding rectangle
top Y coordinate of bounding rectangle

right hand X coordinate of bounding
rectangle

bottom Y coordinate of bounding
rectangle

width of bounding rectangle in user units

height of bounding rectangle in user units

Longest segment length length of longest horizontal line segment

Longest segment left

column(X)

left-most X coordinate of longest
horizontal line segment

Longest segment row (Y)Y coordinate of longest horizontal line

Perimeter

Hole's Perimeter

SumX

SumyY

SumXX

SumYY

SumXY

19-17

segment

length of outer contour of particle in user
units

perimeter of all holes in user units

sum of the X-axis for each pixel of the
particle

sum of the Y-axis for each pixel of the
particle

sum of the X-axis squared, for each pixel
of the particle

sum of the Y-axis squared, for each pixel
of the particle

sum of the X-axis and Y-axis for each
pixel of the particle
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26
27
28
29
30
31
32
33

34

35

36

37

38

39

40

41
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Corrected projection X
Corrected projection Y
Moment of inertia Ixx
Moment of inertia lyy
Moment of inertia Ixy
Mean chord X

Mean chord Y

Max intercept

Mean intercept
perpendicular

Particle orientation
Equivalent ellipse minor

axis

Ellipse major axis

Ellipse minor axis

Ratio of equivalent
ellipse axis

Rectangle big side

Rectangle small side

19-18

projection corrected in

projection corrected ig

inertia matrix coefficient inkx

inertia matrix coefficient iryy

inertia matrix coefficient irxy

mean length of horizontal segments
mean length of vertical segments
length of longest segment

mean length of the chords in an object
perpendicular to its max intercept

direction of the longest segment

total length of the axis of the ellipse
having the same area as the particle and a
major axis equal to half the max intercept.

total length of major axis having the same
area and perimeter as the particle in user
units

total length of minor axis having the same
area and perimeter as the particle in user
units

fraction of major axis to minor axis

length of the large side of a rectangle
having the same area and perimeter as the
particle in user units

length of the small side of a rectangle
having the same area and perimeter as the
particle in user units
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42 Ratio of equivalent ratio of rectangle big side to rectangle
rectangle sides small side
43 Elongation factor max intercept / mean perpendicular
intercept

44 Compactness factor particle area (breadth x width)

45 Heywood circularity particle perimeter / perimeter of circle
factor having same area as particle
46 Type Factor a complex factor relating the surface area

to the moment of inertia.
47 Hydraulic Radius particle area / particle perimeter

48 Waddel disk diameter  diameter of the disk having the same area
as the particle in user units

49 Diagonal diagonal of an equivalent rectangle in
user units

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Coefficients (2D)is a 2D array containing the specified measurements.
This array is used only when the user has specified multiple coefficients
(measurements) for each particle. The data is stored by particle
followed by the coefficients.

)
&
L

[56L] Coefficients (1D)is a 1D array containing the specified measurements.
This array is used only when the user has specified either multiple
coefficients (measurements) for a single particle or a single coefficient
for multiple particles.

Coefficient is the measurement specified for a single patrticle.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

¢
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The output from this VI can be in one of three for@gefficients (2D) Coefficients (1D)
or Coefficient. The final type of output is dependent on the connected inputs, as shown
in the following table.

Possible Inputs Resulting Type of Output
Complex Reports and Parameters Coefficients (2D)
Complex Reports and Parameter Coefficients (1D)
Complex Report and Parameters Coefficients (1D)
Complex Report and Parameter Coefficient

IMAQ ChooseMeasurements

Returns a selection of particle measurements that are sent from IMAQ BasicParticle or
IMAQ ComplexParticle based on a minimum and maximum criteria. With this VI, you
choose which measurements you want to obtain from a particle detection process.

[2][2)

Reject Border? [Ma) <
Image ===
B azic Reports = Bsa e B azic Reports Out
Complex Reports = L Mumber of B azic Partic
Selecon Values = =@ {8 e Campex Repots D
Selection Yalue Mumber of Complex Particles
erar in [no error] error out

Reject Border? (No)determines whether particles touching the border
should be measured. If set to TRUE, the measurements for particles
touching the border are rejected. In this case the iinpage source
must be connected to the indatage. The default is FALSE.

Imageis the same input source image that is used to measure the
particle coefficients by IMAQ BasicParticle or IMAQ ComplexParticle.
This input is used only in a case in which particles touching the border
are discarded for measurement calculatidrejgct Border?is set
to TRUE).

IMAQ Vision for G Reference Manual 19-20 © MNational Instruments Corporation



Chapter 19 Analysis VIs

Basic Reportsis the output array of measurements from

IMAQ BasicParticle. The measurements stored in each element of this
array are described in thIAQ BasicParticlesection.

Complex Reportsis the output array of measurements from IMAQ
ComplexParticle. The measurements stored in each element of this
array are described in th®IAQ ComplexParticlesection.

[=0s] Selection Valueds an array of selection criteria. Each criteria is
composed of the following elements.

Parameter is an indicator that determines the coefficient
(measurement) to be select®&rameter can have values
compatible to those described in IMAQ ComplexMeasure. The
validity of these values depends on the type of measurements
passed as input (for example, throuRgsic Reportsor
Complex Reportg.

% Note: Only the particle measurements that respond to the selection criteria are
selected. The coefficient values must be contained in the interval between
Lower Valueand Upper Value

The following values are possible for selecting basic
measurements (frof@asic Reportg.

0 Area (pixels)

1 Area (calibrated)
2-9 unused

10 Left column (X)
11 Upper row (Y)
12 Right column (X)
13 Lower row (Y)

14 — 27 unused

© National Instruments Corporation

surface area of particle in pixels

surface area of particle in user units

left X coordinate of bounding rectangle
top Y coordinate of bounding rectangle
right X coordinate of bounding rectangle

bottom Y coordinate of bounding rectangle
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The following values are possible for selecting complex
measurements (fro@omplex Reports.

0 Area (pixels) surface area of particle in pixels

1 Area (calibrated) surface area of particle in user units
2 Number of holes number of holes

3 Hole’s area (pixels) surface area of the holes in pixels

4-9 unused

10 Left column (X) left X coordinate of bounding rectangle

11 Upper row (Y) top Y coordinate of bounding rectangle

12 Right column (X) right X coordinate of bounding rectangle
13 Lower row (Y) bottom Y coordinate of bounding rectangle

14 — 15unused

16 Longest segment length of longest horizontal line segment
length
17 Longest segment left left-most X coordinate of longest horizontal line
column (X)
18 Longest segment top Y coordinate of longest horizontal line segment
row ()
19 Perimeter length of outer contour of particle
20 Hole's Perimeter perimeter of all holes
21 SumX sum of the X-axis for each pixel of the particle
22 SumY sum of the Y-axis for each pixel of the particle
23 SumXX sum of the X-axis squared for each pixel of the particle
24 SumYY sum of the Y-axis squared for each pixel of the particle
25 SumXY sum of the X-axis and Y-axis for each pixel of the particle

IMAQ Vision for G Reference Manual 19-22 © MNational Instruments Corporation



Chapter 19 Analysis VIs

26 Corrected projection corrected in x
projection x
27 Corrected projection corrected iny

projection y

Lower Value is the minimum value (boundary) for the values
to be selected.

Upper Value is the maximum value (boundary) for the values
to be selected.

Selection Valueis a selection criteria. This value is used only if the

array of selection criteria is not connectedsalection Values The

selection criteria possess the same structure as each element in the array
Selection Values The default value foParameteris —1, which

specifies that all measurements are made (no selection).

error in (no error) is a cluster that describes the error status before this

T
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

[Faz] Basic Reports Outis an output containing an array of the basic

measurements selected.

Number of Basic Particlesis an output containing the number of basic
measurements selected.

Complex Reports Outis an output containing an array of the complex
measurements selected.

Number of Complex Particlesis an output containing the number of
complex measurements selected.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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This chapter describes the Geometry Vls in IMAQ Vision.

IMAQ 3DView

Displays an image using an isometric view. Each pixel from the image source is
represented as a column of pixels in the 3D view. The pixel value corresponds to the
altitude.

[#][z] 2]

30 optiohs e
Direction [Hw] ———
Image Sic E;j Image Dt Out
Image Dt =f neh
Size reduction f
b asirnum hEIght nmj_Ltm— error ot
errar in [no error]
3D Optionsis a cluster containing the elemeatpha, beta, border,

background, andplane.

alpha defines the angle between the horizontal and the base
line (see figure). The value can be betweear@l 45. The
default value is 30

beta defines the angle between, the horizontal and the second
baseline. The value can be betweemd 45. The default
value is 30.

border defines the border size in the 3D view. The default
value is 20.

10 B [

background defines the background color for the 3D view.
The default is 85.
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plane specifies the view to display if the image is complex.
There are four possible planes that can be visualized from a
complex image. For complex images, the default is the

magnitude.

0 real

1 imaginary

2  (Default) magnitude
3 phase

Direction (NW) defines the viewing orientation shown for the 3D view.
Four viewing angles are possible. The default is North-West.

0 (Default) North-West
1 South-West
2  South-East

3  North-East

Image Srcis the reference to the source (input) image.

Image Dstmust be an 8-bit image.

Size reductionis a factor applied to the source image to calculate the
final dimensions of the 3D view image. This factor is a divisor that is
applied to the source image when determining the final height and width
of the 3D view image. A factor of 1 uses all of the pixels of the source
image when determining the 3D view image. A factor of 2 uses every
other line and every other column of the pixels of the source image to
determine the 3D view image. The default is 2.

Maximum height defines the maximum height of a pixel from the

image source that is drawn in 3D. This value is mapped from a
maximum of 255 (from the source image) in relation to the baseline in
the 3D view. A value of 255, therefore, gives a one-to-one
correspondence between the intensity value in the source image and the
display in 3D view. The default value of 64 results in a reduction of
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4-fold between the original intensity value of the pixel in the source
image and the final displayed 3D image.

FHEW

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

o Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The following graphic illustrates the cardinal coordinates of an image.
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The North-West direction and the South-West direction are depicted in the following
graphic.

South-West

IMAQ Rotate

Rotates an image.

[g]hel[R)fEd (8]

Color Replace Yalug sy

Image Src i Image Dt Out
Image Dt J_I_ ?{-;
Angle [degrees] I e
Feplace Value erar aut

error in [ho errar]

Color Replace Valueis a cluster containing th&lpha, Red, Green,
andBlue channel values used for filling a color image. The default is 0.

Image Srcis the reference to the source (input) image.

Image Dstis the reference of the image destination. If it is connected,
it must be the same type as thege Src

Angle (degrees)efines the angle (in degrees) to rotate. The default
is 0.

B EEE
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Replace Valuedefines the filling value created by the rotation. The
default is 0.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

1

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referenced Inyage Src

== error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Replace Value

IMAQ Shift

Translates an image based on a horizontal and vertical offset.

() hel[F 8]

Replace Yalug ———
Image S5rc %' Image Dat Out
Image D1zt =F +

4]

X0Offset
 YOfset ﬂﬂﬂﬂm errar aut
errar in (o erar]

Replace Valuedefines the filling value created by the shift. The default
is 0.

= Image Srcis the reference to the source (input) image.
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Image Dstis the reference of the image destination. If it is connected,
it must be the same type as thege Src

XOffset is the horizontal offset added to the image. The default is 0.

YOffset is the vertical offset added to an image. The default is 0.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The following graphic illustrates the functionality of this VI.

Irrage St Irage Dat

i Ciff et
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IMAQ Symmetry

Transforms an image through its symmetry.

[E]hel[R) 2]

Type of Symmetry
Image Src Image Dzt Ot
Imange [t === £ b

error in [no ermor] error out

Type of Symmetry specifies the symmetry used. The default is 0.

£

0 Horizontal (Default) Based on the horizontal axis of the image
1 Vertical Based on the vertical axis of the image
2 Central Based on the center of the image

3 1stDiagonal Based on the first diagonal of the image
(the image must be square)

4  2nd Diagonal Based on the second diagonal of the image
(the image must be square)

Image Srcis the reference to the source (input) image.

Image Dstis the reference of the image destination. If it is connected,
it must be the same type as thege Src

o E

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

gn.

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Ifithage Dstis connected,
thenimage Dst Outis the same alsnage Dst Otherwise]mage Dst

Out refers to the image referenced lbyage Src
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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This chapter describes the Complex VIs.

Frequency processinig another technique for extracting information
from an image. Instead of using the location and direction of light
intensity variations, frequency processing allows you to manipulate the
frequency of the occurrence of these variations in the spatial domain.
This new component is called tepatial frequencywhich is the
frequency with which the light intensity in an image varies as a function
of spatial coordinates.

Spatial frequencies of an image are computed with the Fast Fourier
Transform (FFT). The FFT is calculated in two steps: a
one-dimensional transform of the rows, followed by a one-dimensional
transform of the columns of the previous results. The complex numbers
that compose the FFT plane are encoded in a 64-bit floating-pointimage
(called a complex image): 32 bits for the real part and 32 bits for the
imaginary part. IMAQ Vision can read and write complex images
through IMAQ ReadFile and IMAQ WriteFile.

In an image, details and sharp edges are associated with high spatial
frequencies because they introduce significant gray-level variations
over short distances. Gradually varying patterns are associated with low
spatial frequencies. Filtering spatial frequencies allows you to remove,
attenuate, or highlight the spatial components to which they relate.

You can use a lowpass frequency filter to attenuate or remove (truncate)
high frequencies present in the FFT plane. This filter suppresses
information related to rapid variations of light intensities in the spatial
image. An inverse FFT after a lowpass frequency filter produces an
image in which noise, details, texture, and sharp edges are smoothed
(IMAQ ComplexAttenuate or IMAQ ComplexTruncate).

A highpass frequency filter attenuates or remove (truncates) low
frequencies present in the FFT plane. This filter suppresses information
related to slow variations of light intensities in the spatial image. In this
case, aninverse FFT after a highpass frequency filter produces an image

© National Instruments Corporation 21-1 IMAQ Vision for G Reference Manual



Chapter 21 Complex Vis

IMAQ FFT

in which overall patterns are sharpened and details are emphasized
(IMAQ ComplexAttenuate or IMAQ ComplexTruncate).

A mask frequency filteremoves frequencies contained in a mask
specified by the user (IMAQ Mask).

The display of complex images is handled by IMAQ WindDraw. This
VI displays an image by inverting the high and low frequencies and then
dividing their values by a size factor.

This size factom is calculated from the following formula.
m=f(w+h)=f(32.20) = 2.4,

wherew is the width of the image ardis the height.

Computes the FFT of an image.

B EIE

1 B

o

[ [2)[2]

Image Src ¥ Image Dst Out
Image Dst ——{@ {5
error ouk

ermar in [ho errar]

Image Srcis the handle of the source image. The image must have a
resolution of 2 x 27,

Image Dstis the handle of the complex image that contains the resulting
FFT image. This input can accept only a complex image (2 x 32-bit
floating point), which is an image created with IMAQ Create using
type 3. The complex image is resized to lithage Src

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src
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error out is a cluster that describes the error status after this VI

T
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
= Note: The FFT that is calculated is not normalized; you can use IMAQ Complex

Divide to normalize the complex image.

The FFT is a complex image in which high frequencies are grouped at the center, while
low frequencies are located at the edges.

IMAQ InverseFFT

Computes the inverse FFT of a complex image (2 x 32-bit floating point).

[ [2)[2]

=)

Image Src ¥ Image Dst Out
Image Dst =@

L

&rrar in [ho errar] &rmar oLt

[

Image Srcis the handle of the source image. This input can accept only
a complex image. The image must have a resolutiofl afZ".

Image Dstis the handle of the 8-bit, 16-bit, or 32-bit floating-point
image that contains the resulting spatial image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

4 1 E

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referencedlbyage Src

gn.
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error out is a cluster that describes the error status after this VI

EE
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
>  Note: This VI uses a buffer equal to the size of the complex image. An 8-bitimage

with a resolution of 256 x 256 pixels uses 64 KB of memory. The FFT
associated with this image requires eight times the memory, or

64 x 8 = 512KB. The calculation of the inverse FFT also requires a
temporary buffer of 512 KB. Therefore, the total memory necessary for this
operation is 1080 KB.

IMAQ ComplexFlipFrequency

Transposes the complex components of an FFT image of a complex image. The high and
low frequency components of an FFT image are inverted to produce a central symmetric
representation of the spatial frequencies.

=)

(2] [2)

Image Src 4 Image D'zt Out
Imange Dst ==———x g {4
EI1or in [ho eror) error out

Image Srcis the handle of the source image for the image to be
transposed. This input can accept only a complex image.

Image Dstis the handle of the complex image that contains the resulting
FFT image. This input can accept only a complex image.

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

H B

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ ComplexConjugate

Computes the conjugate of a complex image. This VI converts the complex pixel data
z=a+ib of an FFT image int&@ =a—ib.

=

[2][2)

Image Src
Image D gt mesmee

Image Dt Ot

Z
@ £5
L

Ermar in (o error) errar oLt

to measure the conjugate. This input can accept only a complex image.

Image Dstis the handle of the complex image that contains the resulting

Image Srcis the handle of the source image for the image that is used
FFT image. This input can accept only a complex image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

== Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same asnage Dst Otherwise]mage Dst
Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ ComplexAttenuate

Attenuates the frequencies of a complex image.

=)

[2][3)

LDW I:IESS.-"ngh pazs [LDW pESS] ........................ .
Image Src ﬁ Irmage Dst Out
Irmage Dst mfh
E01ar in (o error) 2ror oLt
Low pass/High pass (Low passjetermines which frequencies are

attenuated. Choose low pass (F) to attenuate the high frequencies or
high pass (T}jo attenuate the low frequencies. The default is FALSE,
which specifies lowpass.

Image Srcis the image reference source.

F
Image Dstis the reference of the image destination.
= error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst

Out refers to the image referencedlbyage Src

e error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ ComplexTruncate

Truncates the frequencies of a complex image.

=)

[2][3)

LDW FI-ESS."Ingh FIESS [LDW FIESS] ........................ .
Image Src Sl Image Dst Out
Image Dt ===|@g £
Truncation Frequency % —'_—ﬂ_
erar in (o errar)

errar out

Low pass/High pass (Low passjetermines which frequencies are
truncated. Choose low pass (F) to remove the high frequencies or high
pass (TYo remove the low frequencies. The default is FALSE, which
specifies lowpass.

I
-

Image Srcis the image reference source. It must be an 8-bit or RGB
image.

Image Dstis the reference of the image destination. If it is connected,
it must be the same type as thege Src

Truncation Frequency % is the percentage of the frequencies that are
retained within a Fourier-transformed image. This percentage is
expressed with respect to the length of the diagonal of the FFT image
and the Booleahow pass/High pass (Low pass)The default value

is 10.

B HE

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
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For example, the defaults Low pass (F) and 10 result in retaining 10 percent of the
frequencies starting from the center (low frequencies). The selection of High pass (T) and
10 results in retaining 10 percent of the frequencies starting from the outer periphery.

IMAQ ComplexAdd

Adds two images where the first is a complex image, or adds a complex image and a
complex constant.

=)

(2] [2)

Congtant —————
Image Src A [};; Irmage Dst Out
Irmage Dist=====) g e,
Image S B
errar in [ho error errar aut

Constantis the complex constant added to the inlpuage Src Afor
image-constant operations. The default is 0.

Image Src Ais the handle of the first source image and must be a
complex image.

Image Dstis the handle of the complex image that contains the resulting
FFT image. This input can accept only a complex image.

HH A

Image Src Bis the handle of the second source image. This input can

Cag
accept an 8-bit, 16-bit, 32-bit floating-point, or complex image. If the
image is not a complex image, then the imaginary part dhthge Dst
is equal tdmage Src A

= error in (no error) is a cluster that describes the error status before this

VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src A

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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An operation between an image and a constant occurs when thénaget Src Bis not
connected. The two possibilities are distinguished in the following equations.
Dst(x, y) = SrcAx, y) + SrcB(x y), or
Dst(x, y) = SrcA%, y) + Constant

The different image type combinations supported by this VI are described in the
following table, wheré is the resulting image that is connected to the outpage Dst

Image Connected Image Connected
to Image Src A to Image Src B Equations

a complex imagd;, an 8-bit, 16-bit, or 32-bit | Real() = Real(y) + (gt 11661 OF 130610
floating-point image:

| | | Imaginary() = Imaginary(,)
g-bitr 116-biv OF 132.pit

a complex imagd,, | another complex imagé,.| Real() = Real(.,) + Real(.,)

Imaginary() = Imaginary(,,)
+ Imaginaiy)

IMAQ ComplexSubtract

Subtracts two images where the first is a complex image, or subtracts a complex constant
from a complex image.

[z] [2] (4]

Congtant ————
Image S5rc A E} Image Dst Out
Irmage Dst === @ ¢m,

Image S B f—ﬂ_

Ermar in (o errar)

errar out

Constantis the complex constant subtracted from the inmage Src
A for image-constant operations. The default is 0.

o Image Src Ais the handle of the first source image and must be a
complex image.

Image Dstis the handle of the complex image that contains the resulting
FFT image. This input can accept only a complex image.
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Image Src Bis the handle of the second source image. This input can
accept an 8-bit, 16-bit, 32-bit floating-point, or complex image. If the
image is not a complex image, then the imaginary part dhthge Dst

is equal tdmage Src A

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst Otherwise]mage Dst

Out refers to the image referencedlbyage Src A

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

An operation between an image and a constant occurs when théniget Src Bis not
connected. The two possibilities are distinguished in the following equations.

Dst(x, y) = SrcAx, y) —SrcB(x y), or
Dst(x, y) = SrcAX, y) —Constant

The different image type combinations supported by this VI are described below. The
first column describes the image connectetirtage Src Aand the second column
describes the image type connectelirtage Src B.The third column describes the image
type that should be connected to the outm#ge Dst.

The different image type combinations supported by this VI are described in the
following table, wherd is the resulting image that is connected to the output Image Dst.

Image Connected
to Image Src A

Image Connected to
Image Src B Equations

a complex imagdy

an 8-bit, 16-bit, or 32-bit | Real() = Real(,) — (5. 1166 O 130-6i0)
floating-point image:

Imaginary() = Imaginary(,)
lgpits I16-6iv O l32.pit
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Image Connected Image Connected to
to Image Src A Image Src B Equations

a complex imagd,, | another complex imagés,. | Real() = Real(,,) — Real(,,)

Imaginary() = Imaginary(,,)
— Imaginaryl,)

IMAQ ComplexMultiply

Multiplies two images where the first is a complex image, or multiples a complex image
and a complex constant.

=

[2][2)

Constant —————
Image Sic A B} Image Dt Out
Image Dist === @" #1,
Image Sz B f—ﬂ_
error in [ho errar) efror out

Constant The inpuitmage Src Ais multiplied by this complex constant
for image-constant operations. The default is O.

Image Src Ais the handle of the first source image and must be a
complex image.

Image Dstis the handle of the complex image that contains the resulting
FFT image. This input can accept only a complex image.

Image Src Bis the handle of the second source image. This input can
accept an 8-bit, 16-bit, 32-bit floating-point, or complex image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

IHEHE

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same asnage Dst Otherwise]mage Dst

Out refers to the image referencedlbyage Src A

':n.
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=mo

An operation between an image and a constant occurs when thénigget Src Bis not
connected. The two possibilities are distinguished in the following equations.

Dst(x, y) = SrcAx, y) x SrcB(x y), or
Dst(x, y) = SrcAx, y) x Constant

The different image type combinations supported by this VI are described in the
following table,wherel is the resulting image that is connected to the output Image Dst.

Image
Connected to Image Connected
Image Src A to Image Src B Equations

a complex imagd;,, | an 8-bit, 16-bit, or 32-bit | Real() = Reall(,) * (5.t l16.bi O 30-0i)
floating-point image:

| | | Imaginary() = Imaginaryl(,)
8-bitr 116-bitr O 132-it

X (Ig-pits 11601 OF 132.5i)

a complex imagd,, | another complex imagé;,. | Real() = Real(,,) x Real(,,) —
Imaginary(.,) x Imaginary(.,)

Imaginary() = Imaginary(.,) x Real(,,)
+ Real(.,) x Imaginaryl(_,)

IMAQ ComplexDivide

Divides one image by another where the first is a complex image, or divides a complex
image by a complex constant.

[z) AN

Congtant ————
Image S5ric A Image Dst Out

Image Dst @ <h

Image ScBe=d H t
10T oLl

&rmar in (o erraor)
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Chapter 21 Complex Vis

Constant The inputimage Src Ais divided by this complex constant
for image-constant operations. The default is 0.

Division by 0 is not allowed. If the constant is 0 it automatically is replaced
by 1. If one of the two source images is empty, the result is a copy of the
other.

Image Src Ais the handle of the first source image and must be a
complex image.

Image Dstis the handle of the complex image that contains the resulting
FFT image. This input can accept only a complex image.

Image Src Bis the handle of the second source image. This input can
accept an 8-bit, 16-bit, 32-bit floating-point, or complex image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenimage Dst Outis the same alsnage Dst Otherwise]mage Dst

Out refers to the image referenced lbyage Src A

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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An operation between an image and a constant occurs when thénigget Src Bis not
connected. The two possibilities are distinguished in the following equations.

Dst(x, y) = SrcAx, y) + SrcB(x y), or
Dst(x, y) = SrcAx, y) + Constant

The different image type combinations supported by this VI are described in the
following table,wherel is the resulting image that is connected to the outpage Dst

Image Image
Connected to| Connected to
Image Src A | Image Src B Equations
a complex | an 8-bit, Real() = Real(,) + (Igpits | 16-bit OF I32-6i0)
image:l 16-bit, or . : )
¢ 32-bit Imaginary() = Imaginary(c) + (Ig.siv l16-iv OF l32.6i)
floating-point
image:
lg-pivs | 16-bits OF
|32t

a complex another

image:l complex Reall.;) x Reall,) + Imaginary(l ;) x Imaginary(! .,)

image:| Reall) =
g ez

Rea(lcz)2 + Imaginary(l C2)2

Imaginary(l.;) x Reall,) + Reall ) x Imaginaryl .,)
Imaginary(l) =

Rea(lcz)2 + Imaginary(l c2)2

IMAQ CompleximageToArray

Extracts the pixels from a complex image (2 x 32-bit floating point) into a 2D complex
array ([CSG]).

) (2] [8)

Image Image Pirels [Complex)]
Optional Bectangle m 45

&rrar in [ho ermar] 4 B Error oLt
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Image is the reference to the complex image.

[132] Optional Rectanglespecifies a rectangular region of the complex image
to be extracted. The operation is applied to the entire image if the input
is empty or not connected.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Pixels (Complex)s a 2D array (Line, Column) containing all the
pixel values that comprise the image. The first index corresponds to the

vertical axis and the second to the horizontal index. The final size of the
array is equal to the size of the image or to the size of the optional
rectangle.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9YVI Overview and Programming
Concepts

IMAQ ArrayToCompleximage

Creates a complex image, starting from a complex 2D array ([CSG]).

[T) [2][2)

Image Image Out
Image Pixels [Complex] @ 12
&rrar in [ho ermar] A § &rror out
Image is the reference to the complex image to be created.
Image Pixels (Complexj)s the complex 2D array (Line, Column)

containing all the pixel values that form the image. The first index
corresponds to the vertical axis and the second to the horizontal index.
The final size of the image is equal to the size of the array. The image
passed in the inpuimage is forced to the same size as the complex 2D
array encoded binput Pixels.
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error in (no error) is a cluster that describes the error status before this

Sa o
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts
Image Outis the reference to the destination (output) image.
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ ComplexPlaneToArray

Extracts the pixels from the real part, imaginary part, magnitude, or phase from a
complex image into a floating-point 2D array.

) (2] [2)

Flane
Image
Optional Rectangle

Image Fixelz [float]

eror in [no ermor| eror out

Planeindicates which component of the complex image is extracted
into an array. The following values are valid:

0 (Default) Real

1 Imaginary

2 Magnitude
3 Phase
o Image is the reference to the input complex image.
[132] Optional Rectanglespecifies a rectangular region of the complex image

to be extracted. The operation is applied to the entire image if the input
is empty or not connected.
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errorin (no error) is a cluster that describes the error status before this

FH
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

[56L] Image Pixels (float)is a 2D floating-point array (Line, Column)
containing all the pixel values that comprise the image. The first index
corresponds to the vertical axis and the second to the horizontal index.
The final size of the array is equal to the size of the image or to the size
of the optional rectangle.

=T error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ ArrayToComplexPlane

Replaces the real part or the imaginary part of a complex image, starting from a 2D array
of floating-point values.

=)

[2][2)

Plane
Image Image Out
Image Pixels [Float)
error in [no ermor| error out
Planespecifies which component of the complex image is replaced with

the values encoded in the array of floating pointage Pixels.The
following values are valid:

0 (Default) Real

1 Imaginary

Image is the reference to the input complex image.

[5GL] Image Pixels (Float)is a 2D floating-point array (Line, Column)
containing all the pixel values that form the image. The first index
corresponds to the vertical axis and the second to the horizontal index.
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The final size of the image is equal to the size of the array. The image
passed in the inplinageis forced to the same size as the array encoded
by Input Pixels.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Image Outis the reference to the destination (output) image.
) error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ ComplexPlaneTolmage

Extracts the pixels from the real part, imaginary part, magnitude, or phase from a
complex image (2 x 32-bit floating point) into an 8-bit, 16-bit, or 32-bit floating-point

image.
Flane
Image Src Image Dst Out
Irmage Drst
erar in [no erar) 1L erar oLt
Planeindicates which component of the complex image is extracted.

The following values are valid:

0 (Default) Real
1 Imaginary
2  Magnitude

3 Phase
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Image Srcmust be a complex image.

T
Image Dstmust be an 8-bit, 16-bit, or 32-bit floating-point image.
error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
== Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. It is the san@age Dst
error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ ImageToComplexPlane

Extracts the pixels from an 8-bit, 16-bit, or 32-bit floating-point image into the real part
or imaginary part of a complex image (2 x 32-bit floating point).

BEE [2][2)

Flane
Image Src EviD Irmage Dt Out

Imange Dst ===y {4

erar in [ho errar) 2rrar oLt

Planespecifies which component of the complex image is replaced. The
following values are valid:

0 (Default) Real

0 Imaginary

== Image Srcmust be an 8-bit, 16-bit, or 32-bit floating-point image.

Image Dstmust be a complex image.
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=T error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of the VI. Iflthage Dstis connected,
thenlmage Dst Outis the same alsnage Dst OtherwiseJmage Dst
Out refers to the image referencedlbyage Src

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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This chapter describes the Color VIs in IMAQ Vision.
An RGB-chunky image (standard color) is a color image coded in three

parts: red, green, and blue. A pixel encoded in 32 bits is actually four
channels:

alpha channel (not used) mm—T—T—

red channel 1
green channel ——
blue channel o —— ]

A color pixel encoded as an unsigned 32-bit integer control can be
decomposed as shown in the following graphic.

=7 [T [ed vatue]
EH o :|

A color image always is encoded in memory in the form (R, G, B).
However, there are a number of other coding models such as (H, S, L)
and (H, S, V). The (H, S, L) model is composed as hue, saturation, and
lightness, and the (H, S, V) model as hue, saturation, and value.

To recuperate the values for hue, saturation, lightness, or value a
measurement is made from the red, green, and blue components. Note
that these measurements require time, depending on the values to
extract. These extractions are not completely objective. In effect, a
color converted between two of the different color models (for instance,
RGB to HSL) and then reconverted back to the original color model,
does not have exactly the same values as the original image. This
difference is because of the 8-bit encoding of the image planes, which
causes some loss of data.
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The principal operations that can be performed on color images are:

» Extraction or replacement of a color image plane (R, G, B, H, S,

L, V)

« Application of a threshold to a color image based on one of the
three color models (RGB, HSL, or HSV)

« Performance of a histogram on a color image based on one of the
three color models (RGB, HSL, or HSV)

The other Vls are auxiliary Vls that enable the user to extract or replace
a pixel, a line, or a part of an image, convert the image from one color
model to another, and convert the image to and from an array of data.

Color Planes Inversion [PC]

Prior to version 4.0, color pixels (RGB_CHUNKY) were organized the

same way across all platforms:

All Platforms

[0]

Alpha

[1]

Red

2]

Green

3]

Blue

When processing the pixels as 32 bits withGhler.llb  library, there
was a difference in the 32 bits value depending on the host machine:

Big Endian

Ilawickosh 68k, FPower PC, SUIT

FC
Little Endizn
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From the 4.0 version on, a new memory organization is used. The pixel
bytes are stored according to the CPU logic, but the 32-bit access
register order is constant across all platforms:

Macintosh 68k,
Power PC, and

SUN Windows
[0] | Alpha [0] | Blue
[1] Red [1] Green
[2] Green [2] Red
[3] Blue [3] Alpha

The following graphic describes a color pixel for all platforms:

This solution offers many advantages, including the ability to write real
multi-platform applications using th®olor.llb library.

For color image transfer from an image grabber to the host memory, use
DMA direct or BlockMove instructions can be used for better
performance.

Note that this change does not improve color images display speed
under LabVIEW or BridgeVIEW because of overhead processing
needed to organize display data as 24-bit triplets.

[0] Red
[1] Green
[2] Blue

© National Instruments Corporation 22-3 IMAQ Vision for G Reference Manual



Chapter 22 Color Vs

IMAQ ExtractColorPlanes

Extracts the three planes (RGB, HSV, or HSL) from an image.

2]

Color Mode

Image Src [RGB] Red [ar Hug] Plane aut
Fied [or Hue) Plane = o] ey == Green [or Sat) Plane out
Green [or Sat) Plane f = f== Blue [or Light or Yal] Plan...
Blue [or Light ar 4 al] Flane e arror aut

1O i R0 Erop) s ;

Color Mode defines the image color format to use for the operation.
The default is 0, which specifies RGB.

Fl

0 (Default) RGB
1 HSL

2 HSV

Image Src (RGB)is the reference to an image that has its three planes
extracted: RGB, HSV or HSL. It must be an RGB-chunky image.

Red (or Hue) Planeis the reference to the destination image. It
contains the first color plane. This plane can be either the red plane
(Color Mode 0) or the hue planeCplor Mode 1 or 2). It must be an
8-bit image. The color plane is not extracted if the input is not
connected.

o

Green (or Sat) Planeis the reference to the destination image. It
contains the second color plane. This plane can be either the green plane
(Color Mode 0) or the saturation plan€g¢lor Mode 1 or 2). It must be

an 8-bit image. The color plane is not extracted if the input is not
connected.

Blue (or Light or Val) Plane is the reference to the destination image.

It contains the third color plane. This plane can be either the blue plane
(Color Mode 0), the lightness plan€blor Mode 1), or the value plane
(Color Mode 2). It must be an 8-bitimage. The input must be connected
for the color plane to be extracted.

o
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errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Red (or Hue) Plane outs the reference to the image containing the red
(or hue) plane of the source (input) image.

Green (or Sat) Plane ouis the reference to the image containing the
green (or saturation) plane of the source (input) image.

Blue (or Light or Val) Plane outis the reference to the image
containing the blue (or lightness or value) plane of the source (input)
image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ ReplaceColorPlane

Replaces one or more image planes from a color image (RGB, HSL, or HSV). Only the
planes connected at the input are replaced. If all three planes are connected then the input
Image Srcis not necessary and only theage Dstis used. The image is resized to the
dimensions of the planes passed on input; therefore their size must be identical. If one or
two planes are connected, then the planes must have the same dimension as the source
image.

8]

Color Mode

Image Src [RGB

Image Dzt [(RGE] =1,

Fed [or Hue] Planeg == =

Green [or Sat] Plane

Blue [or Light ar % al) Plane
2rar in [ho ermar]

Image Dst Out [RGE]

efrar ouk
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Color Mode defines the image color format to use for the operation.
The default is 0, which specifies RGB.

0 (Default) RGB
1 HSL

2 HSV

Image Src (RGB)is the reference to an image that has its three color
planes replaced. It must be an RGB-chunky image. This image is not
necessary if the destination image and the three color planes are
connected.

Image Dst (RGB)is the reference to the destination imagenitst be
an RGB-chunky image.

Red (or Hue) Planeis the reference to the first color plane. This plane
can be either the red plan@dlor Mode 0) or the hue planeCplor

Mode 1 or 2). It must be an 8-bit image. The color plane is not replaced
if the input is not connected.

Green (or Sat) Planeis the reference to the second color plane. This
plane can be either the green pla@elpr Mode 0) or the saturation
plane Color Mode 1 or 2). It must be an 8-bit image. The color plane
is not replaced if the input is not connected.

Blue (or Light or Val) Plane is the reference to the third color plane.
This plane can be either the blue pla@elpor Mode 0), the lightness
plane Color Mode 1), or the value planeCplor Mode 2). It must be
an 8-bit image. The color plane is not replaced if the input is not
connected.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Out (RGB)is the reference to the output RGB image that is
obtained by replacing one or more planes of the source color image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ ColorHistogram

Calculates the histograms extracted from the three planes of an image. This VI can
function in one of three modes corresponding to the three color models (RGB, HSL, or
HSV). IMAQ ColorHistograph, a variant of the IMAQ ColorHistogram VI, has the
advantage that its output data is directly compatible with a LabVIEW or

BridgeVIEW graph.

2]

Color Mode ————
ImageRGE [RGE] e lialline Fed [or Hue] Hiztogram Repart
Image Mazk <Y Green [or Sat] Histogram Re...
Mumber of Clazses — | = Blue [or Light or ¥al] Hist...
&frar in [no error] error ot

Color Mode defines the image color format to use for the operation.
The default is 0, which specifies RGB.

H

0 (Default) RGB
1 HSL
2 HSsV

ImageRGB (RGB)is the input source image used for calculating the
histogram. It must be an RGB-chunky image.

Image Mask, if connected, must be an 8-bit image.

Number of Classespecifies the number of classes used to classify the
pixels. The default is 256.

EHEE

errorin (no error) is a cluster that describes the error status before this

T
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9| Overview and Programming
Concepts
Red (or Hue) Histogram Reportis a cluster that returns the detailed

results from a histogram calculated on a red or hue plane (depending on
the Color Mode). This cluster is the same as the cluster used by IMAQ
Histogram. It contains the following elements.
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Histogram returns the histogram values in an array. The
elements found in this array are the number of pixels per class.
Thenth class contains all pixel values belonging to the interval
[Starting Valuet (n — 1) xInterval Width Starting Valuet n

x Interval Width— 1].

Minimal Value returns the smallest pixel value used in
calculating the histogram.

Maximal Value returns the largest pixel value used in
calculating the histogram.

Starting Value is always equal to 0 here. It returns the smallest
pixel value from the first class calculated in the histogram. It
can be equal to thidinimal value from thdnterval Range or

the smallest value found for the image type connected.

Interval Width returns the length of each class.

Mean Valuereturns the mean value of the pixels used in
calculating the histogram.

Standard Deviationreturns the standard deviation from the
histogram. A higher value corresponds to a better distribution
of the values in the histogram and the image.

Area (pixels) returns the number of pixels used in the
histogram calculation. This is influenced by the contents of
Image Mask

Green (or Sat) Histogram Reportis a cluster that returns the detailed
results from a histogram calculated on the green or saturation plane
(depending on th€olor Mode). It has the same elements as found in
Red (or Hue) Histogram Report

Blue (or Light or Val) Histogram Report is a cluster that returns the
detailed results from a histogram calculated on the blue, lightness, or
value planes (depending on tBelor Mode). It has the same elements
as found inRed (or Hue) Histogram Report

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ ColorHistograph

Calculates the histograms extracted from the three planes of an image. This VI can
function in one of three modes corresponding to the three color models (RGB, HSL, or
HSV). The output from this VI is directly compatible with a LabVIEW or

BridgeVIEW graph.

F
: 2]

Color Mode ————

ImageRGE [RGB] Ll Fed [or Hue] Hiztogram Graph
Image Mazk £y Green [or Sat] Higtogram Graph
Mumnber of Clazses — T e Blue [or Light or Wal] Hist...
ermor in [no eror) error out

Color Mode defines the image color format to use for the operation.
The default is 0, which specifies RGB.

H

0 RGB (default)
1 HSL

2 HSV

ImageRGB (RGB)is the RGB-chunky input source image used for
calculating the histogram.

Image Mask, if connected, must be an 8-bit image.

Smo
Number of Classesspecifies the number of classes used to class the
pixels. The default is 256.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=T Red (or Hue) Histogram Graphis a cluster that returns the detailed
results from a histogram calculated on a red or hue plane (depending on
the Color Mode). This cluster is the same as the cluster used by IMAQ
Histograph. It contains the following elements.

© National Instruments Corporation 22-9 IMAQ Vision for G Reference Manual



Chapter 22

IMAQ Vision for G Reference Manual 22-10

Color Vs

Starting Value is always equal to O here. This parameter is
returned in the type Histogram Report, as in the VI IMAQ
Histograph.

Incremental Value returns the incrementing value that
specifies how much to add tarting Value in calculating the
median value of each class from the histogram. The median
valuexp from thenth class isx, = Starting Valuet n x
Incremental Value

Histogram returns the histogram values in an array. The
elements found in this array are the number of pixels per class.
thenth class contains all pixel values belonging to the interval
[Starting Valuet (n — 1) xInterval Width Starting Valuet n

x Interval Width— 1].

Green (or Sat) Histogram Graphis a cluster that returns the detailed
results from a histogram calculated on the green or saturation plane
(depending on th€olor Mode). It has the same elements as found in
Red (or Hue) Histogram Graph

Blue (or Light or Val) Histogram Graph is a cluster that returns the
detailed results from a histogram calculated on the blue, lightness, or
value planes (depending on tGelor Mode). It has the same elements
as found inRed (or Hue) Histogram Graph

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ ColorThreshold

Applies a threshold to the three planes of an RGB-chunky image and places the result into
an 8-bit image. A test is performed with each rariged((or Hue) Range Green (or

Sat) Range andBlue (or Light or Val) Range), to determine whether the corresponding
pixel from thelmage Srcis set to the value specified Replace Value If a pixel from
thelmage Srcdoes not have corresponding pixel values specified in all three ranges,
then the corresponding pixel image Dst Outis set to 0.

F
: 2]

Replace ¥ alue
Color tode
Image Src [RGB] o Image Dt Out

Image Dst =¥ ]
Red [or Hue] Range f @ h peeseeses glar oLt
[Green [or Sat] Range ] ¢
Blue [or Light ar Wal] B ange semmmmmms i B
eMar in (o enor] seee———

Note: By default the pixels in the Image Dst Out take the new value specified by
ReplaceValue as all three ranges are set for 0 to 255. Therefore you easily
can apply a threshold to one of the three ranges without having to set the
values of the other two ranges.

Replace Valuespecifies the value applied to the destination image
when the corresponding pixel from threage Srcis found in all three
ranges. The default is 1.

Color Mode defines the image color format to use for the operation.
The default is 0, which specifies RGB.

0 (Default) RGB

1 HSL
2 HSsV
== Image Src (RGB)is the reference to the image to threshold. It must be

an RGB-chunky image.
Image Dstmust be connected and must be an 8-bit image.
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H

Red (or Hue) Rangeis a cluster used to determine the thresholding
range for the red or hue plane (depending orChler Mode). Any

pixel values not included in this range are reset to zero in the destination
image. The pixel values included in this range are altered depending on
the status of thReplaceinput. By default, all pixel values are included

(0, 255).

Lower Value is the minimal pixel value in the red or hue plane
that is used for the threshold. The default is 0.

Upper Valueis the maximal pixel value in the red or hue plane
that is used for the threshold. The default is 255.

Green (or Sat) Ranges a cluster used to determine the thresholding
range for the green or saturation plane (depending o@dler Mode).

Any pixel values not included in this range are reset to zero in the
destination image. The pixel values included in this range are altered
depending on the status of tReplaceinput. By default, all pixel

values are included (0, 2553reen (or Sat) Rangehas the same
elements as found iRed (or Hue) Range

Blue (or Light or Val) Range is a cluster used to determine the
thresholding range for the blue, lightness, or value plane (depending on
the Color Mode). Any pixel values not included in this range are reset
to zero in the destination image. The pixel values included in this range
are altered depending on the status ofRbplaceinput. By default, all

pixel values are included (0, 25Blue (or Light or Val) Range has

the same elements as foundRad (or Hue) Range

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Outis the reference to the destination (output) image which
receives the processing results of thelWlage Dst Outis the same as
Image Dst

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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IMAQ ColorUserLookup

Applies a lookup table (LUT) to each color plane.
£ [&]

Color Mode ———
Image Src [RGE] L Image Dst Out [RGE]

Image Dst [RGE] =T i

Red [or Hue) Lookup Table f @ 1 e rror ot
Green [or Sat] Lookup Table
Bl [or Light ar % al) Look...
eror in [no eror)

Image Mask, if connected, must be an 8-bit image.

Color Mode defines the image color format to use for the operation.
The default is 0, which specifies RGB.

HE

0 (Default) RGB
1 HSL
2 HSV

Image Src (RGB)is the reference to the source imageniist be an
RGB-chunky image.

Image Dst (RGB)is the reference to the destination image. If
connected, it must be an RGB-chunky image.

Red (or Hue) Lookup Tableis the LUT applied to the first color plane
(depending on th€olor Mode). This array can contain a maximum of

256 elements. The array is filled automatically when less than 256
elements are specified. This procedure does not change pixel values that
are not explicitly specified from the values of the LUT given by the user
on input. By default this array is empty and no replacement occurs on
this plane.

[116]
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[116]

[116]

Green (or Sat) Lookup Tableis the LUT applied to the second color
plane (depending on th&olor Mode). This array can contain a

maximum of 256 elements. The array is filled automatically when less
than 256 elements are specified. This procedure does not change pixel
values that are not explicitly specified from the values of the LUT given
by the user on input. By default this array is empty and no replacement
occurs on this plane.

Blue (or Light or Val) Lookup Table is the LUT applied to the third
color plane (depending on ti@olor Mode). This array can contain a
maximum of 256 elements. The array is filled automatically when less
than 256 elements are specified. This procedure does not change pixel
values that are not explicitly specified from the values of the LUT given
by the user on input. By default this array is empty and no replacement
occurs on this plane.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Dst Out (RGB)is the reference to the output RGB image that is
obtained by applying the color LUT to the source image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

For example, you can use IMAQ ColorUserLookup to inverse the lightness plane for an
RGB-chunky image.

o5, I D=t Out (RGE)
made L= ]
Image Sk (RGB)I G : EL-L ="

Each leveh is replaced by the value (255); resulting in an inverse of the
lightness plane.
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IMAQ ColorEqualize

Equalizes a color image. This VI equalizes either the lightness plane (default) or all three
planes (red, green, and blue).

2]

nght ."l FLG.'B [nght] ........................ .+
Image Src [RGE] [ Image Dst Out [RGE]

-------

Image D'zt [RGE] =i {4

ermar in [ho errar) errar oLt

TF Light / R,G,B (Light) specifies whether the operation is performed on
the lightness plane or on all three planes (red, green, blue). An
equalization on the lightness plane conserves the hue and saturation
from the color image. An equalization of the three planes (red, green,
blue), gives a stronger contrast but changes the hue and saturation of the
color image. The default is FALSE.

Image Src (RGB)is the reference to the source imageniist be an
RGB-chunky image.

Image Dst (RGB)is the reference to the destination image. If
connected, it must be an RGB-chunky image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

1 B

Image Dst Out (RGB)is the reference to the output RGB image that is
obtained after equalization of the source color image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

ERE
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IMAQ GetColorPixelValue

Reads the pixel values from a color image. This VI returns the pixel value as an unsigned
32-bit integer indicator. This indicator can be converted into a cluster containing three
elements possessing either (R, G, B), (H, S, L), or (H, S, V) using the VI IMAQ
IntegerToColorValue.

[2]

Image ﬁ;}F Piwel Walue [U32]
¥ Coordinate B Y
% Coordinate —' H 4
errar out

&rrar in [ho ermar]

Image must be an RGB-chunky image.

X Coordinate is the horizontal position of the pixel.

Y Coordinate is the vertical position of the pixel

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

o

Pixel Value (U32)returns the pixel value as an unsigned 32-bit integer
indicator.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The following graphic illustrates the use of this VI.

Irnage Ste (RGE)
4 Coordinate
' Coordinate
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The red, green, and blue values also can be manipulated with the following sequence.

Inage St (RGE)
i Coordinate
' Coordinate

IMAQ SetColorPixelValue

Changes the pixel value for a color image. This VI receives the pixel
value as an unsigned 32-bit integer control. The values (R, G, B),

(H, S, L), or (H, S, V) can be converted into an unsigned 32-bit integer
control using the VI IMAQ ColorValueTolnteger.

[2]

Image {? Image Out

% Coordinate -
¥ Coordinate @ 12

_F"i:-:el Yalue ij_me error ouk
&rrar in [ho ermar]

Image must be an RGB-chunky image.

X Coordinate is the horizontal position of the pixel.

Pixel Value (U32)contains the pixel value as an unsigned 32-bit
integer control.

Pao
Y Coordinate is the vertical position of the pixel.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

== Image Outis the reference to the destination (output) image.
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error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

=mo

The following graphic illustrates the use of this VI.

------- -
. Irnage Out

s Coordinate =

' Coordinate

IMAQ GetColorPixelLine

Extracts a line of pixels from a color image. This VI returns an array of unsigned 32-bit
integer indicators. This array can be converted into an array of clusters coding the three
color values as either (R, G, B), (H, S, L), or (H, S, V) using the VI IMAQ
IntegerToColorValue.

R
: 2]

Image e Pixelz Line [U32)

Line Coordinates & 1h
&rrar it [ho errar] 2rrar oLt
Image must be an RGB-chunky image.
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Line Coordinatesis an array specifying the two endpoints of the line

[x32]
to extract.

Note: A line designated by the coordinates [0, 0, 0, 255] consists of 256 pixels.
The output Pixels Line contains the values specified by this line. Any pixel
values outside the image automatically is set to 0 in Pixels Line.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

Pixels Line (U32)returns the pixel values as a 1D array of unsigned
32-bit integer indicators.

=
&

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The following graphic illustrates the use of this VI.

10 Colar walae ar'ral,||

[=0&]
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IMAQ SetColorPixelLine

Changes a line of pixels from a color image. This VI receives an array of unsigned 32-bit
integer controls. An array of clusters coding the color three values (R, G, B), (H, S, L),
or (H, S, V) can be converted into an array of pixels (unsigned 32-bit integer controls)
using the VI IMAQ IntegerToColorValue.

[2]

Line Coordinates

Image st Image Out
Pixels Line[U32) & Th
erar in (o errar] error oLt

132 Line Coordinatesis an array specifying the two endpoints of the line
to modify. Any pixels designated by théne Coordinatesfound
outside the actual image are not replaced.

Image must be an RGB-chunky image.

32-hit integer controls.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Pixels Line(U32)contains the pixel values as a 1D array of unsigned

Concepts
e Image Outis the reference to the destination (output) image.
=T error out is a cluster that describes the error status after this VI

executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The following graphic illustrates the use of this VI.

Ji+Hs] [Line Coordinates]

Irnage Out]
1D Color walue array| g =
[=l|:|'] E}u;! s
@ £h
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An array of red, green, and blue values also can be modified with the following sequence.

[Line Coordinates Iﬂl—l

Fed Yalues

I Ot
Image :—:;f El u

Elue Walues

@ 1h

IMAQ ColorimageToArray

Extracts the pixels from a color image, or from part of a color image, into a 2D array.
This VI returns the values as a 2D array of unsigned 32-bit integer indicators. This 2D
array can be converted into a 2D array of clusters coding the three color values as either
(R, G, B), (H, S, L), or (H, S, V) using the VI IMAQ IntegerToColorValue.

8]

Image = (3
Optional Rectangle @ 1h

ermar in (o erar)

Image Fisels [U32]

errar out

[S=z] Image must be an RGB-chunky image.

Optional Rectangledesignates a rectangular region
(Left / Top / Right / Bottom) within an image in which the pixels are to
be changed. If this array is empty the entire image is changed.

= error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

[u32] Image Pixels (U32)eturns the pixel values as a 2D array of unsigned

32-bit integer indicators.
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=T error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

The following graphic illustrates the use of this VI.

image][Elk{gpe
Optional Rectangle|| [132] —E@ 5
op ale|

Irage]| 7 Tpeee
[optional Rectangle]| [132]
— [vs] [Blue values]

IMAQ ArrayToColorimage

Creates a color image from a 2D array. This VI receives the values as a 2D array of
unsigned 32-bit integer controls. A 2D array of clusters coding the three color values as
either (R, G, B), (H, S, L), or (H, S, V) can be converted into a 2D array of pixels
(unsigned 32-bit integer controls) using the VI IMAQ ColorValueTolnteger.

2]

Image —+E Image Out
Image Pixels B4y

2I1or in [no ermor| error aut
Image must be an RGB-chunky image.
[u32] Image Pixels (U32xontains the pixel values as a 2D array of unsigned

32-bit integer controls.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Image Outis the reference to the destination (output) image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

The following graphic illustrates the use of this VI.

A 2D array of red, green, and blue values also can be modified with the following

sequence.
Irnage Out
[
@ 1h

IMAQ RGBToColor

Converts an RGB color value into another format (HSL or HSV).

2]

Color Mode ————

Hed value =T Red [or Hue] value
Green value 5 E Green [or Sat] value
Blue value —HT Blue [or Light ar %al] value
error in [no ermor| error out
Color Mode defines the image color format conversion to perform. The
default is 0, which specifies no change.
0 RGB (Default) no change
1 HSL Convert to HSL
2 HSV Convert to HSV
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Red valueis the input red value.

Green valueis the input green value.

Blue value isthe input blue value.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Red (or Hue) valueis the output value for the first color plane
(depending on th€olor Mode) chosen.

Green (or Sat) valueis the output value for the second color plane
(depending on th€olor Mode) chosen.

Blue (or Light or Val) value is the output value for the third color
plane (depending on th@&olor Mode) chosen.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ IntegerToColorValue

Converts colors in the form of an unsigned 32-bit integer control into a cluster composed
of the three colors in mode (R, G, B), (H, S, L), or (H, S, V). These colors can be entered
as a single value, a 1D array, a 2D array, or a combination of the above.

(8]

Color Mode ———
U132 value L3z 4B Color W alue
10 U332 aray @ {_5 10 Calor walue array
20 U32 array TR [ Color walue array
ermar in (o errar) errar oLk
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Color Mode defines the image color format to use for the output. The
default is 0, which specifies that the input and output values are

H

the same.

0 RGB (Default) no change
1 HSL Convert to HSL

2 HSV Convert to HSV

U32 valuea color value encoded as an unsigned 32-bit integer control.

1D U32 array a set of color values encoded as a 1D array of unsigned
32-bit integer controls.

=
B

2D U32 array a set of color values encoded as a 2D array of unsigned
32-bit integer controls.

=
£

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

R

Color Value is a cluster containing the color value resulting from the
input U32 Value. This cluster can contain the values (R, G, B),

(H, S, L), or (H, S, V), depending on the status of the&Caddr Mode.
The cluster is composed of the following elements.

Red (or Hue) Valueis the first color plane value (depending
on theColor Mode).

Green (or Sat) Valueis the second color plane value
[uE ]
- (depending on th€olor Mode).

Blue (or Light or Val) Value is the third color plane value
(depending on th€olor Mode).

[=0s] 1D Color value arrayis a 1D array containing the color value resulting
from the inputlD U32 Array. This array can contain the values
(R, G, B), (H, S, L), or (H, S, V), depending on the status of the set
Color Mode.
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2D Color value arrayis a 2D array containing the color value resulting
from the inpu2D U32 Array. This array can contain the values
(R, G, B), (H, S, L), or (H, S, V), depending on the status of the set
Color Mode.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

IMAQ ColorValueTolnteger

Converts clusters composed of three colors in mode (R, G, B), (H, S, L), or (H, S, V) into
colors encoded in the form of an unsigned 32-bit integer control. The elements of these
clusters can contain single values, 1D arrays, 2D arrays, or a combination of the above.

R
: 2]

Color Mode ———

Calar Yalue B pu3z 132 value
10 Color walue array E £y 10 32 aray
20 Color value array e i — L=7D U3z array

Error in [ho error) error out
Color Mode defines the image color format to use for the output. The
default is 0, which specifies that the input and output values are
the same.
0 RGB (Default) no change
1 HSL Convert to HSL
2 HSV Convert to HSV
Color Value is a cluster containing a color in (R, G, B), (H, S, L), or

(H, S, V) (depending on th€olor Mode).

Red (Hue) Valueis the first color plane value (depending on
the Color Mode).

Green (Sat) Valueis the second color plane value (depending
on theColor Mode).
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Blue (Light,Val) Value is the third color plane value
(depending on th€olor Mode).

1D Color value arrayis a 1D array of clusters containing the color
values. The values are in (R, G, B), (H, S, L), or (H, S, V) depending on
the status of the s€olor Mode. These clusters are the same type as
Color Value.

2D Color value array is a 2D array of clusters containing the color
values. The values are in (R, G, B), (H, S, L), or (H, S, V) depending on
the status of the s€olor Mode. These clusters are the same type as
Color Value.

errorin (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

U32 valuereceives the color value resulting from the inGotor
Value and it isencoded as an unsigned 32-bit integer control.

1D U32 array receives the color value resulting from the inpDt
Color Value Array and it isencoded as a 1D array of unsigned 32-bit
integer controls.

2D U32 array receives the color value resulting from the inpDt
Color Value Array and it isencoded as a 2D array of unsigned 32-bit
integer controls.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 91 Overview and Programming
Concepts

© National Instruments Corporation 22-27 IMAQ Vision for G Reference Manual



External Library Support Vis

This chapter describes the External Library Support VIs in IMAQ
Vision. This set of VlIs allows G programmers who have a good
understanding of DLLs (Windows) or Shared Libraries (Macintosh) to
write their own image grabber device VIs.

These VIs give you additional functionalities that are not provided by
LabVIEW or BridgeVIEW when using an external library. These VIs
allow you to do the following actions:

* Get a pointer in the pixel space of an image

e Copy the data of a char* type pointer to a G programming
language string

« Copy a memory block addressed by a pointer to a G programming
language string

* Change the border size of an image
* Modify the pixel values at the border of an image
« Interlace or separate images

IMAQ GetlmagePixelPtr

Obtains a pointer on the pixels of an image. This VI also returns information on the
organization of the image pixels in memory.

BB GE|EE A

Function Image border size
Image E+a Pixel Pointer out
Fiwel Pointer in L Linewidth[Fixels)
¥ Coordinate 0 {h% Pisel Size [Bytes]
' Coordinate Tranzfer Max Size
erar in [ho errar) errar oLt
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q

7 Note:

Function has three modes:

0 Map Pixel Pointer Obtains the pointer on a pixel of an image and
obtains information related to the organization
of the pixels of this image in memory.

1 Unmap Pixel PointeiFrees the pointer and related information
previously obtained using Map Pixel Pointer.

2 Get Pixel Info Obtains information related to the organization
of the pixels of an image in memory without
mapping a pointer.

Image is the reference of the image on which the pointer is obtained.

Pixel Pointer inis only used in the Unmap Pixel Pointer mode (see the
Function description). When the VI is executed to obtain a pointer
(using the Map Pixel Pointer function), some information regarding the
pointer that is required to unmap the pixel pointer is recorded.

You need to give this pointer to the VI to retrieve this information when
executing the Unmap Pixel Pointer function.

X Coordinate allows you to select the X coordinate of the pixel in the
image on which the pointer is required. This parameter is not used in the
mode Unmap Pixel Pointer mode. The default is 0.

Y Coordinate allows you to select the Y coordinate of the pixel in the
image on which the pointer is required. This parameter is not used in the
mode Unmap Pixel Pointer mode. The default is 0.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image border sizeis the border size of the image.
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Pixel Pointer Out is the pointer on the pixels of the image. This pointer

is obtained only in the Map Pixel Pointer mode. The following table
gives the pointer type for different platforms.

Platform Pointer Type

IMAQ Vision for LabVIEW 4 for Windows 3.1 | 16-bit FAR

32-bit flat

Other platforms

LineWidth (Pixels) returns the total number of pixels in a horizontal

[(132]
- line in the image. This is the sum of the X size of the image, the borders
of the image, and the left and right alignments of the image, as shown

in the following image. This number may not match the horizontal size
of the image.
line Wicith

Al Enﬂrnen ordet «Fes - biorclet .-‘-‘-.I'i__{glﬁrr%ent

border
o

wHEes

border
-

Pixel Size (Bytesyeturns the size in bytes of each pixel in the image.

[(132]
- This value multiplied with théineWidth gives the number of bytes
occupied by a line of the image in memory.
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Transfer Max Sizereturns the number of bytes from the pixel pointer

to the end of the image. This size represents the maximum size of bytes
that can be transferred. For example, for an 8-bit image of size

256 x 256 and border 1, the line width is 272 and the maximum transfer
size from pixel (0, 0) is 69632 bytes.

error out is a cluster that describes the error status after this VI

=
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
Example

The following graphic illustrates a typical implementation scheme for IMAQ
GetlmagePixelPtr.

| True t

Call Library Function:
transfer(void *buffer, int =
int g, int dx, it dy)

Farform the transfer only
ME if the requeried space exists]
-----
I"MaE Piwel Pointerl E 4k Linrnap Fixel Pointer
8=

This VI receives an image and a rectangle. The transfer call needs five parameters:
destination address, X and Y start coordinates, and the X and Y size of the transfer. This
V1 uses the following steps:

« From the image rectangle, computes the image size.
* Resizes the image and obtains a pixel pointer on the coordinates [0, 0] of the image.

« Verifies that the maximum transfer size is compatible with the parameters needed by
the called library.

e If everything is correct, begins transferring.
* Unmaps the pixel pointer.

= Note: The transfer call, as it is shown above, only supports images with a border
width of zero that have a horizontal size aligned on a multiple of 8. This
restriction exists because no passed parameter discriminates between the
number of pixels per line and the memory address increment to the
next line.
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The following code uses IMAQ GetimagePixelPtr to apply a fundtiam the pixels of
a floating-point image. The pointer on the pixel (0, 0) of the im&gstPixelPtr) has
been retrieved from the VI. In the following C codsize , ySize , andLinewidth have
been obtained from other Vis.

int xSize; // is the x size of the image.

int ySize; // is the y size of the image (Given by IMAQ GetimageSize
or IMAQ Getlmagelnfo)

int LineWidth; // is the line width of the image (Given by IMAQ
GetlmagePixelPtr)

float *FirstPixelPtr; // Given by IMAQ GetimagePixelPtr

float *TempPixelPtr;

inti, j;

for (j = 0; j < ySize; j++) / for each line of the image

{
TempPixelPtr = FirstPixelPtr;

for (i = 0; i < xSize; i++)// for each pixel of the line

{
*TempPixelPtr = f (*TempPixelPtr);// apply the function

TempPixelPtr++;// pixel increment

}

FirstPixelPtr += LineWidth;// line increment

}
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IMAQ CharPtrToString

Copies a C character string to a G programming language string. In LabVIEW 4.0 and
BridgeVIEW 1.0, the Call Library function does not directly support entry points
returning a character pointer (char*). This VI allows the use of a char* pointer to get the
associated string.

8]

char* (3 programming language string
m Y
eror in [no eror] error out

char* is the C character string pointer. The end of the character string
is marked with a 0 (\0O) value. The following table gives the pointer
type for different platforms.

Platform Pointer Type

IMAQ Vision for LabVIEW 4 for Windows 3.1 | 16-bit FAR

Other platforms 32-bit flat (universal type)

o

The copied string size is limited to 65536 bytes.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

G programming language stringis a G programming language string
containing all characters befoi@ (end of string mark in C).

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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The following graphic illustrates a typical implementation scheme for IMAQ
CharPtrToString.

Call Library Function:
char *get_camera_namel)

camera nane|
o <5

IMAQ MemPeek

Copies a memory zone in a G programming language string. In LabVIEW 4.0 and
BridgeVIEW 1.0 the Call Library function does not directly manipulate a C structure; this
VI provides this function.

[2)

void” cfﬂk Data =string
Bytes count m <Y
eror in (o errar] erar oLt
void* is the pointer on the memory zone to be copied. The following

table gives the pointer type for different platforms.

Platform Pointer Type

IMAQ Vision for LabVIEW 4 for Windows 3.1 | 16-bit FAR

Other platforms 32-bit flat (universal type)

The size of the memory zone is not limited.

Bytes countis the number of bytes to be copied in the G programming
language string.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Data string is the G programming language string containing the bytes
of the specified memory zone.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Example

In this example, a function returning a pointer on a structure has the following

description:

typedef struct theStruct{
unsigned long a;

long b;

short c;

} theStruct;

It is possible to find this structure using the following diagram:

Call Library Function:
theStruct $get_infol)

2 [thestruct

[creda

LabVIEW and BridgeVIEW map flat data in BigEndian mode, so the bytes need to be
inverted when using Windows.
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IMAQ Interlace

Extracts odd and even fields from an interlaced image or builds an image using two field

BB GE|EE 2]

Interlace/Separate [Interlace]
Image frame Irmage frame Out
Image even TR Image even Out

Image odd f—ﬂ_mﬂm Image odd Out

2Iror in [no ermor| Error out
Interlace/Separate (Interlace) The default is the interlace mode, which
specifies that an interlaced image is built using two field images
(Image evenandimage odd. In the separate mode, the odd and even
fields from an interlaced imagénage frame) are extracted.
[S=z] Image frameis the reference to the image in which odd and even fields
have to be extracted.
Image evenis the reference to the image that forms the even lines of the
interlaced image.
o Image oddis the reference to the image that forms the odd lines of the
interlaced image.
error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
== Image Frame Outcontains the interlaced image.

Image even Outcontains the even lines of the input image.

Image odd Outcontains the odd lines of the input image.

gn.
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=T error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts

>  Note: When two fields are interlaced, the first line in the resulting frame comes
from the even field and the second comes from the odd field.

IMAQ ImageBorderOperation

Fills the border of an image.

B EIGE] 6

Image in Image out
Function m <y
erar in [ho errar] ! &rrar oLt
Image in is the reference to the image that has to be modified.
Function indicates the method used to fill the border of the image. This

parameter has three possible values:

0 Border Mirror

1 Border Copy

2 Border Clear

Repeats the pixel values of the image near the
border into the border by symmetry.

Sets the value of the border pixels to the value
of the image pixel near the border.

Sets all border pixels to 0.

o error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming

Concepts

Image Outis the reference to the destination (output) image.
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error out is a cluster that describes the error status after this VI

[E=5]
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
IMAQ ImageBorderSize

Sets the border size of the image and determines the current border size of the image.

BB GE|EE A

F

ENEE

R

GetfSet Statug? [Set] e :
Image i i\-@i Image out

Image border size in m<h Image baorder size out

error in [no ermor) error out

Get/Set Status (Getdetermines whether the image border size is
changed to the Image border size value (Set) or the currentimage border
size value is retrieved (Get).

Image inis the reference to the image that has to be modified.

Image border size indetermines the new border size of the image.

error in (no error) is a cluster that describes the error status before this
VI executes. For more information about this control, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts

Image Outis the reference to the destination (output) image.

Image border size outis the border size of the image.

error out is a cluster that describes the error status after this VI
executes. For more information about this indicator, see the section
IMAQ VI Error Clustersin Chapter 9VI Overview and Programming
Concepts
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Appendix

Customer Communication

L

For your convenience, this appendix contains forms to help you gather the information necessary
to help us solve your technical problems and a form you can use to comment on the product
documentation. When you contact us, we need the information on the Technical Support Form
and the configuration form, if your manual contains one, about your system configuration to
answer your questions as quickly as possible.

National Instruments has technical assistance through electronic, fax, and telephone systems to
quickly provide the information you need. Our electronic services include a bulletin board
service, an FTP site, a fax-on-demand system, and e-mail support. If you have a hardware or
software problem, first try the electronic support systems. If the information available on these
systems does not answer your questions, we offer fax and telephone support through our technical
support centers, which are staffed by applications engineers.

Electronic Services

Bulletin Board

National Instruments has BBS and FTP sites dedicated for 24-hour support with a collection of
files and documents to answer most common customer questions. From these sites, you can also
download the latest instrument drivers, updates, and example programs. For recorded instructions
on how to use the bulletin board and FTP services and for BBS automated information, call

(512) 795-6990. You can access these services at:

United States: (512) 794-5422
Up to 14,400 baud, 8 data bits, 1 stop bit, no parity

United Kingdom: 01635 551422
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

France: 01 48 65 15 59
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

FTP Support

To access our FTP site, log on to our Internet Hstatinst.com , as anonymous and use
your Internet address, suchjassmith@anywhere.com , as your password. The support files
and documents are located in thepport  directories.
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&2 Fax-on-Demand Support

Fax-on-Demand is a 24-hour information retrieval system containing a library of documents on a
wide range of technical information. You can access Fax-on-Demand from a touch-tone
telephone at (512) 418-1111.

E-Mail Support (currently U.S. only)

You can submit technical support questions to the applications engineering team through e-mail
at the Internet address listed below. Remember to include your name, address, and phone number
so we can contact you with solutions and suggestions.

support@natinst.com

Telephone and Fax Support

National Instruments has branch offices all over the world. Use the list below to find the technical
support number for your country. If there is no National Instruments office in your country,
contact the source from which you purchased your software to obtain support.

%Zgo
2 Telephone Fax

Australia 03 9879 5166 02 9874 4455
Austria 0662 45 79 90 0 0662 45 79 90 19
Belgium 02 757 00 20 02 757 03 11

Canada (Ontario)
Canada (Quebec)

905 785 0085
514 694 8521

905 785 0086
514 694 4399

Denmark 45 76 26 00 45 76 26 02
Finland 09 725725 11 09 725 725 55
France 0148 14 24 24 0148 14 24 14
Germany 089 741 31 30 089 714 60 35
Hong Kong 2645 3186 2686 8505
Israel 03 5734815 03 5734816
Italy 02 413091 06 57284309
Japan 03 5472 2970 03 5472 2977
Korea 02 596 7456 02 596 7455
Mexico 5520 2635 5520 3282
Netherlands 0348 433466 0348 430673
Norway 32848400 328486 00
Singapore 2265886 2265887
Spain 91 640 0085 91 640 0533
Sweden 08 73049 70 08 7304370
Switzerland 056 200 51 51 056 200 51 55
Taiwan 02 377 1200 02 737 4644

United States
U.K.

512 794 0100
01635 523545

512 794 8411
01635 523154



Technical Support Form

Photocopy this form and update it each time you make changes to your software or hardware, and
use the completed copy of this form as a reference for your current configuration. Completing
this form accurately before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem,
include the configuration forms from their user manuals. Include additional pages if necessary.

Name

Company

Address

Fax(__ ) Phone (___ )

Computer brand Model Processor
Operating system (include version number)

Clock speed MHz RAM__ MB Display adapter

Mouse __yes __ no Other adapters installed

Hard disk capacity ~ MB Brand

Instruments used

National Instruments hardware product model Revision

Configuration

National Instruments software product Version

Configuration

The problem is:

List any error messages:

The following steps reproduce the problem:




IMAQ Vision for G
Hardware and Software Configuration Form

Record the settings and revisions of your hardware and software on the line to the right of each
item. Complete a new copy of this form each time you revise your software or hardware
configuration, and use this form as a reference for your current configuration. Completing this
form accurately before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

National Instruments Products

DAQ hardware
Interrupt level of hardware

DMA channels of hardware

Base I/O address of hardware

Programming choice
BridgeVIEW or LabVIEW
Other boards in system

Base I/O address of other boards

DMA channels of other boards

Interrupt level of other boards

Other Products

Computer make and model

Microprocessor

Clock frequency or speed

Type of video board installed

Operating system version

Operating system mode

Programming language

Programming language version

Other boards in system

Base I/0O address of other boards

DMA channels of other boards

Interrupt level of other boards




Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our
products. This information helps us provide quality products to meet your needs.

Title: IMAQ™ Vision for G Reference Manual
Edition Date: June 1997
Part Number: 321379B-01

Please comment on the completeness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Title

Company

Address

Phone (__ ) Fax(___ )

Mail to: Technical Publications Fax to: Technical Publications
National Instruments Corporation National Instruments Corporation
6504 Bridge Point Parkway (512) 794-5678

Austin, TX 78730-5039



Glossar

Numbers/Symbols

1D
2D
3D

3D view

AIPD

area threshold
arithmetic operators

auto-median function

binary image

binary morphology

© National Instruments Corporation

One-dimensional.
Two-dimensional.
Three-dimensional.

Displays the light intensity of an image in a three-dimensional
coordinate system, where the spatial coordinates of the image form
two dimensions and the light intensity forms the third dimension.

National Instruments’ internal image format used for saving
calibration information associated with an image and for saving
complex images.

Detects objects based on their size, which can fall within a
user-specified range.

The image operations multiply, divide, add, subtract, and
remainder.

A function that uses dual combinations of opening and closing
operations to smooth the boundaries of objects.

An image containing objects usually represented with a pixel
intensity of 1 (or 255) and the background of 0.

Functions that perform morphological operations on a binary
image.
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BMP

border function

C

circle function

closing

color images

color lookup table

complex images

connectivity

connectivity-4

connectivity-8
convex function
convolution

convolution kernel

D

Danielsson function

IMAQ Vision for G Reference Manual

Image format commonly used for 8-bit images on PCs.

Removes objects (or particles) in a binary image that touch the
image border.

Detects circular objects in a binary image.

A dilation followed by an erosion. A closing fills small holes in
objects and smooths the boundaries of objects.

Images containing color information, usually encoded in the
RGB form.

Table for converting the value of a pixel in an image into a red,
green, and blue (RGB) intensity.

Save information obtained from the FFT of an image. The complex
numbers which compose the FFT plane are encoded in 64-bit
floating-point values: 32 bits for the real part and 32 bits for the
imaginary part.

Defines which of the surrounding pixels of a given pixel constitute
its neighborhood.

Only pixels adjacent in the horizontal and vertical directions are
considered as neighbors.

All adjacent pixels are considered as neighbors.
Computes the convex regions of objects in a binary image.
Seelinear filter.

Simple 3 x 3,5 x 5, or 7 x 7 matrices (or templates) used to
represent the filter in the filtering process. The contents of these
kernels are a discrete two-dimensional representation of the
impulse response of the filter that they represent.

Similar to the distance functions, but with more accurate results.
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density function

differentiation filter

digital image

dilation

distance calibration

distance function

E

Equalize function

erosion

exponential and gamma
corrections

Exponential function

F

Fast Fourier Transform
FFT
Fourier spectrum

Fourier Transform

frequency filters

© National Instruments Corporation

For each gray level in a linear histogram, it gives the number of
pixels in the image that have the same gray level.

Extracts the contours (edge detection) in gray level.

An imagé(x, y) that has been converted into a discrete number of
pixels. Both spatial coordinates and brightness are specified.

Increases the size of an object along its boundary and removes tiny
holes in the object.

Determination of the physical dimensions of a pixel by defining the
physical dimensions of a line in the image.

Assigns to each pixel in an object a gray-level value equal to its
shortest Euclidean distance from the border of the object.

Seehistogram equalization.

Reduces the size of an object along its boundary and eliminates
isolated points in the image.

Expand the high gray-level information in an image while
suppressing low gray-level information.

Decreases the brightness and increases the contrast in bright
regions of an image, and decreases contrast in dark regions.

A method used to compute the Fourier transform of an image.
Fast Fourier Transform.
The magnitude information of the Fourier transform of an image.

Transforms an image from the spatial domain to the frequency
domain.

Counterparts of spatial filters in the frequency domain. For images,
frequency information is in the form of spatial frequency.
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Gaussian filter

gradient convolution filter

gradient filter

gray level

gray-level dilation

gray-level erosion

gray-level images

gray-level morphology

H

highpass attenuation

highpass FFT filter

highpass filter

highpass frequency filter

highpass truncation

IMAQ Vision for G Reference Manual

The graphical programming language used to develop LabVIEW
and BridgeVIEW applications.

A filter similar to the smoothing filter, but using a Gaussian kernel
in the filter operation. The blurring in a Gaussian filter is more
gentle than a smoothing filter.

Seegradient filter.

Extracts the contours (edge detection) in gray-level values.
Gradient filters include the Prewitt and Sobel filters.

The brightness of a point (pixel) in an image.

Increases the brightness of pixels in an image that are surrounded
by other pixels with a higher intensity.

Reduces the brightness of pixels in an image that are surrounded by
other pixels with a lower intensity.

Images with monochrome information.

Functions that perform morphological operations on a gray-level
image.

Inverse of lowpass attenuation.

Removes or attenuates low frequencies present in the FFT domain
of an image.

Emphasizes the intensity variations in an image, detects edges (or
object boundaries), and enhances fine details in an image.

Attenuates or removes (truncates) low frequencies present in the
frequency domain of the image. A highpass frequency filter
suppresses information related to slow variations of light intensities
in the spatial image.

Inverse of lowpass truncations.
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histogram

histogram equalization

hit-miss function

hole filling function
HSL

HSV

image

image file

image processing

image visualization
inner gradient

intensity calibration

intensity range

intensity threshold

© National Instruments Corporation

Indicates the quantitative distribution of the pixels of an image per
gray-level value.

Transforms the gray-level values of the pixels of an image to
occupy the entire range (0 to 255 in an 8-bit image) of the
histogram, increasing the contrast of the image.

Locates objects in the image similar to the pattern defined in the
structuring element.

Fills all holes in objects that are present in a binary image.
Color encoding scheme in Hue, Saturation, and Lightness.

Color encoding scheme in Hue, Saturation, and Value.

A two-dimensional light intensity functidgx, y), where x andy
denote spatial coordinates and the vdlaeany pointX, y) is
proportional to the brightness at that point.

A file containing image information and data.

Encompasses various processes and analysis functions which you
can apply to an image.

The presentation (display) of an image (image data) to the user.
Finds the inner boundary of objects.

Assigning user-defined quantities such as optical densities or
concentrations to the gray-level values in an image.

Defines the range of gray-level values in an object of an image.

Characterizes an object based on the range of gray-level values in
the object. If the intensity range of the object falls within the user
specified range, it is considered as an object; otherwise it is
considered as part of the background.
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L

labeling

Laplacian filter

line profile

linear filter

logarithmic and inverse
gamma corrections

Logarithmic function

Logic operators

lookup table

lowpass attenuation

lowpass FFT filter

lowpass filter

lowpass frequency filter

IMAQ Vision for G Reference Manual

The process by which each object in a binary image is assigned a
unique value. This process is useful for identifying the number of
objects in the image and giving each object a unique identity.

Extracts the contours of objects in the image by highlighting the
variation of light intensity surrounding a pixel.

Represents the gray-level distribution along a line of pixels in an
image.

A special algorithm that calculates the value of a pixel based on its
own pixel value as well as the pixel values of its neighbors. The
sum of this calculation is divided by the sum of the elements in the
matrix to obtain a new pixel value.

Expand low gray-level information in an image while compressing
information from the high gray-level ranges.

Increases the brightness and contrast in dark regions of an image,
and decreases the contrast in bright regions of the image.

The image operations AND, NAND, OR, XOR, NOR, difference,
mask, mean, max, and min.

Table containing values used to transform the gray-level values of
animage. For each gray-level value in the image, the corresponding
new value is obtained from the lookup table.

Applies a linear attenuation to the frequencies in an image, with no
attenuation at the lowest frequency and full attenuation at the
highest frequency.

Removes or attenuates high frequencies present in the FFT domain
of an image.

Attenuates intensity variations in an image. You can use these
filters to smooth an image by eliminating fine details and
blurring edges.

Attenuates high frequencies present in the frequency domain of the
image. A lowpass frequency filter suppresses information related to
fast variations of light intensities in the spatial image.
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lowpass truncation

L-skeleton function

mask

mask filter

mask image

mechanical action

median filter

morphological
transformations

M-skeleton

neighborhood operations

nonlinear filter

nonlinear gradient filter
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Removes all frequency information above a certain frequency.

Uses an L-shaped structuring element in the Skeleton function.

Isolates parts of an image for further processing.

Removes frequencies contained in a mask (range) specified by the
user.

An image containing a value of 1 and values of 0. Pixels in the
source image with a corresponding mask image value of 1 are
processed, while the others are left unchanged.

Specifies how a zone is activated. IiBthiech mode, the first
click on a zone turns the zone to TRUE and a second click turns it
to FALSE. In theLatch mode, a click causes the zone to be
temporarily TRUE.

A low pass filter that assigns to each pixel the median value of its
neighbors. This filter effectively removes isolated pixels without
blurring the contours of objects.

Extract and alter the structure of objects in an image. You can use

these transformations for expanding (dilating) or reducing
(eroding) objects, filling holes, closing inclusions, or smoothing
borders. They mainly are used to delineate objects and prepare
them for quantitative inspection analysis.

Uses an M-shaped structuring element in the skeleton function.

Operations on a point in an image that take into consideration the
values of the pixels neighboring that point.

Replaces each pixel value with a nonlinear function of its
surrounding pixels.

A highpass edge-extraction filter that favors vertical edges.
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nonlinear Prewitt filter

nonlinear Sobel filter

Nth order filter

0

opening

operators

optical representation

outer gradient

P

palette

PICT

picture element
pixel

pixel calibration
pixel depth

Power 1/Y function

Power Y function
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A highpass edge-extraction filter that favors horizontal and vertical
edges in an image.

A highpass edge-extraction filter that favors horizontal and vertical
edges in an image.

Filters an image using a nonlinear filter. This filter orders (or
classifies) the pixel values surrounding the pixel being processed.
The pixel being processed is set to Nih pixel valuewhere Nis

the order of the filter.

An erosion followed by a dilation. An opening removes small
objects and smoothes boundaries of objects in the image.

Allow masking, combination, and comparison of images. You can
use arithmetic and logic operators in IMAQ Vision.

Contains the low-frequency information at the center and the high-
frequency information at the corners of an FFT-transformed image.

Finds the outer boundary of objects.

The gradation of colors used to display an image on screen, usually
defined by a color lookup table.

Image format commonly used for 8-bit images on Macintosh and
Power Macintosh platforms.

An element of a digital image.
Picture element.

Directly calibrating the physical dimensions of a pixel in an image.
The number of bits used to represent the gray level of a pixel.
Similar to a logarithmic function but with a weaker effect.

Seeexponential function.
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Prewitt filter Extracts the contours (edge detection) in gray-level values using a
3 x 3 filter kernel.

probability function Defines the probability that a pixel in an image has a certain
gray-level value.

proper-closing A finite combination of successive closing and opening operations
that you can use to fill small holes and smooth the boundaries of
objects.

proper-opening A finite combination of successive opening and closing operations

that you can use to remove small particles and smooth the
boundaries of objects.

Q

guantitative analysis Obtaining various measurements of objects in an image.

R

region of interest An area of the image that is graphically selected from a window
displaying the image. This area can be used focus further
processing.

Reverse function Inverts the pixel values in an image, producing a photometric

negative of the image.
RGB Color image encoding using red, green, and blue colors.

RGB chunky Color encoding scheme using red, green and blue (RGB) color
information where each pixel in the color image is encoded using
32 bits: 8 bits for red, 8 bits for green, 8 bits for blue, and 8 bits for
the alpha value (unused).

Roberts filter Extracts the contours (edge detection) in gray level, favoring
diagonal edges.

ROI Region of interest.
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S

segmentation function

separation function
Sigma filter

skeleton function

skiz

smoothing filter

Sobel filter

spatial calibration

spatial filters

spatial resolution

Square function
Square Root function

standard representation

structuring element

IMAQ Vision for G Reference Manual

Fully partitions a labeled binary image into non-overlapping
segments, with each segment containing a unique object.

Separates objects that touch each other by narrow isthmuses.
A highpass filter that outlines edges.

Applies a succession of thinning operations to an object until its
width becomes one pixel.

Obtains lines in an image that separate each object from the others
and are equidistant from the objects that they separate.

Blurs an image by attenuating variations of light intensity in the
neighborhood of a pixel.

Extracts the contours (edge detection) in gray-level values using a
3 x 3filter kernel.

Assigning physical dimensions to the area of a pixel in an image.

Alter the intensity of a pixel with respect to variations in intensities
of its neighboring pixels. You can use these filters for edge
detection, image enhancement, noise reduction, smoothing, and
so forth.

The number of pixels in an image, in terms of the number of rows
and columns in the image.

Seeexponential function.
Seelogarithmic function.

Contains the low-frequency information at the corners and
high-frequency information at the center of an FFT-transformed
image.

A binary mask used in most morphological operations. A
structuring element is used to determine which neighboring pixels
contribute in the operation.
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T

thickening

thinning

threshold

threshold interval

TIFF

truth table

zones
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Alters the shape of objects by adding parts to the object that match
the pattern specified in the structuring element.

Alters the shape of objects by eliminating parts of the object that
match the pattern specified in the structuring element.

Separates objects from the background by assigning all pixels with
intensities within a specified range to the object and the rest of the
pixels to the background. In the resulting binary image, objects are
represented with a pixel intensity of 255 and the background is set
to O.

Two parameters, the lower threshold gray-level value and the upper
threshold gray-level value.

Image format commonly used for encoding 8-bit and 16-bit images
and color images on both Macintosh and PC platforms.

A table associated with a logic operator which describes the rules
used for that operation.

Areas in a displayed image that respond to user clicks. You can use
these zones to control events which can then be interpreted within
LabVIEW or BridgeVIEW.
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3D view, 2-8.See alsdMAQ 3DView VI.

A

Addition operator (table), 4-2
advanced binary morphology functioiBee
binary morphology functions.
AIPD format, gray-level image, 1-3
alpha channel, 1-3
Analysis Vls, 19-11 to 19-23
IMAQ BasicParticle, 19-11 to 19-13
IMAQ Centroid, 19-10 to 19-11
IMAQ ChooseMeasurements,
19-20to 19-23
IMAQ ComplexMeasure, 19-15 to 19-20
IMAQ ComplexParticle, 19-13 to 19-15
IMAQ Histograph, 19-3 to 19-6
IMAQ History, 19-1 to 19-3
IMAQ LinearAverages, 19-8 to 19-9
IMAQ LineProfile, 19-6 to 19-8
IMAQ Quantify, 19-9 to 19-10
AND operator.See alsd_ogic Operator VIs.
equation (table), 4-2
truth table, 4-4
area parameters, 8-5 to 8-7
holes’ area, 8-6
number of holes, 8-6
number of pixels, 8-5
particle area, 8-5
particle number, 8-5
ratio, 8-6
scanned area, 8-6
total area, 8-6 to 8-7
area threshold, 8-4
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L

Arithmetic Operator VIs, 15-1 to 15-9

IMAQ Add, 15-1 to 15-2

IMAQ Divide, 15-5 to 15-6

IMAQ Modulo, 15-8 to 15-9

IMAQ MulDiv, 15-7 to 15-8

IMAQ Multiply, 15-4 to 15-5

IMAQ Subtract, 15-2 to 15-4
arithmetic operators, 4-2
auto-median function

gray-level morphology, 7-38

primary binary morphology, 7-21 to 7-22
axes.Seechord and axis parameters.
axis of symmetry, of gradient kernel, 5-6

B&W (gray) palette, 2-2
binary morphology functions
advanced, 7-22 to 7-32
border function, 7-22
circle function, 7-30 to 7-31
convex function, 7-31 to 7-32
Danielsson function, 7-29 to 7-30
distance function, 7-29
highpass filters, 7-24 to 7-25
hole filling function, 7-22
labeling function, 7-23
lowpass filters, 7-23 to 7-25
segmentation function, 7-27 to 7-29
separation function, 7-25 to 7-26
skeleton functions, 7-26 to 7-27
primary, 7-9 to 7-22

auto-median function, 7-21 to 7-22
closing function, 7-12 to 7-13
dilation function, 7-9 to 7-11
erosion function, 7-9 to 7-11
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external edge function, 7-13 to 7-14
hit-miss function, 7-14 to 7-16
internal edge function, 7-13 to 7-14
opening function, 7-12 to 7-13
proper-closing function, 7-21
proper-opening function, 7-20
thickening function, 7-18 to 7-20
thinning function, 7-17 to 7-18

binary palette, 2-4

BMP format, gray-level image, 1-3

border function, advanced binary

morphology, 7-22
B&W (gray) palette, 2-2

C

center of mass X and center of mass Y,
coordinates, 8-8
chord and axis parameters, 8-9 to 8-11
max chord length, 8-10
max intercept, 8-10
mean chord X, 8-10
mean chord Y, 8-10
mean intercept perpendicular, 8-10
particle orientation, 8-10 to 8-11
circle function, advanced binary morphology,
7-30 to 7-31See alsdMAQ Circles VI.
closing function
gray-level morphology, 7-35 to 7-36
primary binary morphology, 7-12 to 7-13
clustering, automatic thresholding, 7-3 to 7-5
color images
histogram of, 2-6
number of bytes per pixel (table), 1-4
processing, 1-5to 1-6
thresholding, 7-3
color lookup table (CLUT)
transformation, 1-2
Color Vs, 22-1 to 22-27
color planes inversion [PC],
22-2 to 22-23
IMAQ ArrayToColorimage,
22-22 t0 22-23
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IMAQ ColorEqualize, 22-15
IMAQ ColorHistogram, 22-7 to 22-8
IMAQ ColorHistograph, 22-9 to 22-10
IMAQ ColorimageToArray,
22-21t0 22-22
IMAQ ColorThreshold, 22-11 to 22-12
IMAQ ColorUserLookup, 22-13 to 22-14
IMAQ ColorValuetolnteger,
22-26 to 22-27
IMAQ ExtractColorPlanes, 22-4 to 22-5
IMAQ GetColorPixelLine,
22-18 to 22-19
IMAQ GetColorPixelValue,
22-16 to 22-17
IMAQ IntegerToColorValue,
22-24 t0 22-26
IMAQ ReplaceColorPlane, 22-5 to 22-6
IMAQ RGBTocolor, 22-23 to 22-24
IMAQ SetColorPixelLine,
22-20to0 22-21
IMAQ SetColorPixelValue,
22-17 to 22-18
overview, 22-1 to 22-2
compactness factor, shape-feature
parameters, 8-15
complex images, number of bytes per pixel
(table), 1-4
Complex Vls, 21-1 to 21-20
IMAQ ArrayToCompleximage,
21-15t0 21-16
IMAQ ArrayToComplexPlane,
21-17to0 21-18
IMAQ ComplexAdd, 21-8 to 21-9
IMAQ ComplexAttenuate, 21-6
IMAQ ComplexConjugate, 21-5
IMAQ ComplexDivide, 21-12 to 21-14
IMAQ ComplexFlipFrequency,
21-4to0 21-5
IMAQ ComplexImageToArray,
21-14to 21-15
IMAQ ComplexMultiply, 21-11 to 21-12
IMAQ ComplexPlaneToArray,
21-16 to 21-17
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IMAQ ComplexPlaneTolmage,
21-18to 21-19
IMAQ ComplexSubtract, 21-9 to 21-11
IMAQ ComplexTruncate, 21-7 to 21-8
IMAQ FFT, 21-2to 21-3
IMAQ ImageToComplexPlane,
21-19t0 21-20
IMAQ InverseFFT, 21-3to 21-4
overview, 21-1to 21-2
connectivity
connectivity-4, 8-4
connectivity-8, 8-3
overview, 8-3
connectivity 4/8 input, 9-15, 18-3
contour extraction and highlighting, Laplacian
filters, 5-14 to 5-15
contour thickness, Laplacian filters,
5-15t0 5-16
Conversion Vls, 14-1 to 14-6
IMAQ Cast, 14-2 to 14-3
IMAQ Convert, 14-1 to 14-2
IMAQ ConvertByLookup, 14-4 to 14-5
IMAQ Shift16to8, 14-5 to 14-6
convex function, advanced binary
morphology, 7-31 to 7-35ee alsdMAQ
Convex VI.
convolution, defined, 5-3, 17-1
convolution filters Seelinear filters or
convolution filters.
convolution kernel, defined, 5-3
convolution matrix, 17-1
coordinates, 8-8 to 8-9
center of mass X and center
of mass Y, 8-8
max chord X and max chord Y, 8-9
min(X, Y) and max(X, Y), 8-9
creating imagesSeeimage creation.
cumulative histogram, 2-6
customer communications, xxii, A-1 to A-2
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D

Danielsson function, advanced binary
morphology, 7-29 to 7-3(Bee alsdMAQ
Danielsson VI.

densitometry parameters, 8-18 to 8-19

destroying imagesSeelMAQ Dispose VI.

Difference operator, equation (table), 4-2

differentiation filter, 5-25

digital image processing, 1-1

digital imagesSeeimages.

digital object definition, 8-2 to 8-5

area threshold, 8-4 to 8-5
connectivity, 8-2 to 8-4
intensity threshold, 8-2
dilation function
gray-level morphology, 7-33 to 7-34
primary binary morphology, 7-9 to 7-11
Display Vis
Display (Basics), 12-2to 12-10
IMAQ GetPalette, 12-8 to 12-9
IMAQ PaletteTolerance (Macintosh/
Power Macintosh only),
12-9t0 12-10
IMAQ WindClose, 12-4 to 12-5
IMAQ WindDraw, 12-2 to 12-4
IMAQ WindMove, 12-6
IMAQ WindShow, 12-5
IMAQ WindSize, 12-7 to 12-8
Display (Special), 12-34 to 12-46
IMAQ GetlLastKey, 12-46
IMAQ GetScreenSize,
12-37 to 12-38
IMAQ GetUserPen, 12-42 to 12-43
IMAQ SetupBrush, 12-43 to 12-45
IMAQ SetUserPen, 12-40 to 12-42
IMAQ WindDrawRect, 12-37
IMAQ WindGetMouse,
12-35to 12-36
IMAQ WindRoiColor, 12-36
IMAQ WindSetup, 12-34 to 12-35
IMAQ WindXYZoom,
12-38to 12-40
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Display (Tools), 12-10 to 12-23
IMAQ WindGrid, 12-22 to 12-23
IMAQ WindLastEvent,
12-18t0 12-21
IMAQ WindToolsClose, 12-18
IMAQ WindToolsMove, 12-17
IMAQ WindToolsSelect,
12-14t0 12-16
IMAQ WindToolsSetup,
12-12t0 12-14
IMAQ WindToolsShow,
12-16to 12-17
IMAQ WindZoom, 12-21 to 12-22
Display (User), 12-29 to 12-34
IMAQ WindUserClose, 12-33
IMAQ WindUserEvent,
12-331t0 12-34
IMAQ WindUserMove, 12-32
IMAQ WindUserSetup,
12-29t0 12-30
IMAQ WindUserShow,
12-31t012-32
IMAQ WindUserStatus,
12-30t0 12-31
Regions of Interest, 12-23 to 12-28
IMAQ MaskToROI, 12-28
IMAQ ROIToMask, 12-27 to 12-28
IMAQ WindEraseROlI, 12-26
IMAQ WindGetROl, 12-24
IMAQ WindSetROI, 12-25to 12-26
disposing of imagesseelMAQ Dispose VI.
distance calibration, 8-1
distance function, advanced binary
morphology, 7-29See alsdMAQ
Distance VI.
diverse tool VisSeeTools (Diverse) Vis.
diverse-measurement parameters, 8-19
Division operator (table), 4-2
documentation
conventions used in manual, xxi
organization of manual, xix to xx
related documentation, xxii
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E

edge extraction, gradient filters, 5-7 to 5-9
edge highlighting, gradient filters, 5-7 to 5-9
edge thickness, gradient filters, 5-9
electronic support services, A-1 to A-2
ellipse major axis, 8-12 to 8-13
ellipse minor axis parameter, 8-13
ellipse ratio parameter, 8-13
elongation factor parameter, 8-15
entropy, automatic thresholding, 7-6
Equalize functionSee alsdMAQ
Equalize VI.
example 1, 3-4 to 3-5
example 2, 3-5
purpose and use, 3-4
transfer function and effect (table), 3-3
equivalent ellipse minor axis parameter, 8-12
erosion function
gray-level morphology, 7-33 to 7-34
primary binary morphology, 7-9 to 7-11
error clusters, 9-4 to 9-5
error managemengeelMAQ Error VI.
exponential and gamma correction,
3-9to 3-11
Exponential function
exponential and gamma correction, 3-9
transfer function and effect (table), 3-4
external edge function, primary binary
morphology, 7-13 to 7-14
External Library Support Vis, 23-1 to 23-11
IMAQ CharPtrToString, 23-6 to 23-7
IMAQ GetlmagePixelPtr, 23-1 to 23-5
IMAQ ImageBorderOperation,
23-10to0 23-11
IMAQ ImageBorderSize, 23-11
IMAQ Interlace, 23-9 to 23-10
IMAQ MemPeek, 23-7 to 23-8
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F

Fast Fourier Transforngee alsdrequency
filters.
complex images, 1-3
definition of Fourier Transform function,
6-3t0 6-4
FFT display, 6-4 to 6-7
optical representation, 6-6 to 6-7
standard representation, 6-6
File VIs, 11-1to 11-6
IMAQ GetFilelnfo, 11-4 to 11-5
IMAQ ReadFile, 11-1to 11-4
IMAQ WriteFile, 11-5to 11-6
Filter Vs, 17-1to 17-12See also
Complex Vls.
IMAQ BuildKernel, 17-5t0 17-6
IMAQ Convolute, 17-2to 17-3
IMAQ Correlate, 17-11t0 17-12
IMAQ EdgeDetection, 17-6 to 17-7
IMAQ GetKernel, 17-3to 17-5
IMAQ LowPass, 17-10to 17-11
IMAQ NthOrder, 17-8 to 17-9
filtering. See spatial filtering.
Fourier Transform function, 6-3 to 6-4
frequency filters, 6-1 to 6-15ee also
Complex Vls.
definition, 6-3 to 6-4
FFT display, 6-4 to 6-7
optical representation, 6-6 to 6-7
standard representation, 6-6
highpass FFT filters, 6-9 to 6-12
attenuation, 6-10
overview, 6-2
truncation, 6-10 to 6-12
lowpass FFT filters, 6-6 to 6-9
attenuation, 6-7 to 6-8
overview, 6-2
truncation, 6-8 to 6-9
mask FFT filters, overview, 6-3
overview, 6-1 to 6-3
frequency processing, 21-1
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G

Gaussian convolution filter, 5-20
Gaussian filters, 5-20 to 5-22
definition, 5-20
example, 5-20 to 5-21
kernel definition, 5-21
predefined Gaussian kernels, 5-21 to 5-22
Geometry Vls, 20-1 to 20-8
IMAQ 3DView, 20-1 to 20-4
IMAQ Rotate, 20-4 to 20-5
IMAQ Shift, 20-5 to 20-6
IMAQ Symmetry, 20-7 to 20-8
gradient convolution filter, 5-5
gradient filter, 5-4 to 5-12
definition, 5-4
edge extraction and edge highlighting,
5-7 to 5-9
edge thickness, 5-9
example, 5-5
filter axis and direction, 5-6 to 5-7
kernel definition, 5-5 to 5-6
nonlinear, 5-25
predefined gradient kernels, 5-10 to 5-12
Prewitt filters, 5-10
Sobel filters, 5-11 to 5-12
gradient palette, 2-3
gray (B&W) palette, 2-2
gray-level images
number of bytes per pixel (table), 1-4
types of, 1-3
gray-level morphology, 7-32 to 7-38ee also
IMAQ GrayMorphology VI.
auto-median function, 7-38
closing function, 7-35 to 7-36
dilation function, 7-33 to 7-34
erosion function, 7-33 to 7-34
opening function, 7-34 to 7-36
proper-closing function, 7-37
proper-opening function, 7-36 to 7-37
gray-level value, 1-1
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H

hexagonal frame, 1-&ee also
Square/Hexa input.
Heywood circularity factor, shape-feature
parameters, 8-15
highpass FFT filters, 6-9 to 6-12
attenuation, 6-10
overview, 6-2
truncation, 6-10 to 6-12
highpass filters
advanced binary morphology functions,
7-24t0 7-25
classification summary (table), 5-3
definition, 5-1
histogram See alsamage histogram.
definition, 2-4
histogram Vis
IMAQ Histogram, 19-1 to 19-3
IMAQ Histograph, 19-3 to 19-6
hit-miss function, primary binary morphology,
7-14to 7-16
concept and mathematics, 7-15
example 1, 7-15
example 2, 7-16
hole filling function, advanced binary
morphology, 7-22
HSL (hue, saturation, and lightness)
component, 1-5
hydraulic radius, shape-feature parameters,
8-15t0 8-16

image creation
IMAQ Create VI, 10-1 to 10-2
IMAQ Create&LockSpace VI,
10-3to 10-4
programming concepts, 9-10
Image Dst input, 9-10 to 9-13
image files, 1-5
image histogram, 2-4 to 2-8
3D view, 2-8
of color images, 2-6
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cumulative, 2-6
definition, 2-4 to 2-5
interpretation, 2-6
line profile, 2-7 to 2-8
linear, 2-5
scale of histogram, 2-7
Image Mask input, 9-11 to 9-12
image pixel frame, 1-6 to 1-8
hexagonal frame, 1-8
neighborhood size (table), 1-7
rectangular frame, 1-7
Image Src input, 9-10, 9-12 to 9-13
image tool VisSeeTools (Image) Vls.
image-type icons, 9-2 to 9-3
image visualization, 12-1
images
color images, 1-3
complex images, 1-3to 1-4
definition, 1-1, 9-1
gray-level images, 1-3
image definition, 1-2
number of planes, 1-2
processing color images, 1-5to 1-6
programming concepts, 9-9 to 9-17
arithmetic or logical operations, 9-13
combinations of input and
output, 9-11
connectivity 4/8, 9-15
creating images, 9-10
Image Dst input, 9-10 to 9-13
Image Mask input, 9-11 to 9-12
Image Src input, 9-10, 9-12 to 9-13
image structure, 9-9
line entity, 9-14
overview, 9-1to 9-2
rectangle entity, 9-14
Square/Hexa input, 9-16 to 9-17
structuring element, 9-16
table of pixels, 9-15
properties of digitized image, 1-1to 1-2
resolution, 1-1
types and formats, 1-3to 1-4
IMAQ 3DView VI, 20-1 to 20-4
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IMAQ Add VI, 15-1 to 15-2
IMAQ And VI, 15-10 to 15-11
IMAQ ArrayToColorimage VI,
22-22 to 22-23
IMAQ ArrayToCompleximage VI,
21-15t0 21-16
IMAQ ArrayToComplexPlane VI,
21-17 to 21-18
IMAQ ArrayTolmage VI, 13-23 to 13-24
IMAQ AutoBThreshold VI, 16-4 to 16-5
IMAQ AutoMThreshold VI, 16-5 to 16-7
IMAQ BuildKernel VI, 17-5to 17-6
IMAQ Cast VI, 14-2 to 14-3
IMAQ Centroid VI, 19-10 to 19-11
IMAQ CharPtrToString VI, 23-6 to 23-7
IMAQ ChooseMeasurements VI,
19-20to 19-23
IMAQ Circles VI, 18-13 to 18-14
IMAQ ClipboardTolmage VI, 13-25
IMAQ ColorEqualize VI, 22-15
IMAQ ColorHistogram, 22-7 to 22-8
IMAQ ColorHistograph VI, 22-9 to 22-10
IMAQ ColorimageToArray VI,
22-21to0 22-22
IMAQ ColorThreshold VI, 22-11 to 22-12
IMAQ ColorUserLookup VI, 22-13 to 22-14
IMAQ ColorValuetolnteger VI,
22-26 to 22-27
IMAQ Compare VI, 15-15 to 15-16
IMAQ ComplexAdd VI, 21-8 to 21-9
IMAQ ComplexAttenuate VI, 21-6
IMAQ ComplexConjugate VI, 21-5
IMAQ ComplexDivide VI, 21-12 to 21-14
IMAQ ComplexFlipFrequency VI,
21-4t0 21-5
IMAQ CompleximageToArray VI,
21-14to 21-15
IMAQ ComplexMeasure VI, 19-15 to 19-20
IMAQ ComplexMultiply VI, 21-11 to 21-12
IMAQ ComplexParticle VI, 19-13 to 19-15
IMAQ ComplexPlaneToArray VI,
21-16 to 21-17
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IMAQ ComplexPlaneTolmage VI,
21-181t0 21-19
IMAQ ComplexSubtract VI, 21-9 to 21-11
IMAQ ComplexTruncate VI, 21-7 to 21-8
IMAQ Convert VI, 14-1to 14-2
IMAQ ConvertByLookup VI, 14-4 to 14-5
IMAQ Convex VI, 18-12
IMAQ Convolute VI, 17-2to 17-3
IMAQ Copy VI, 13-1to 13-2
IMAQ Correlate VI, 17-11 to 17-12
IMAQ Create VI, 10-1 to 10-3
IMAQ Create&LockSpace VI, 10-3 to 10-4
IMAQ Danielsson VI, 18-8
IMAQ Dispose VI, 10-4 to 10-5
IMAQ Distance VI, 18-7 to 18-8
IMAQ Divide VI, 15-5to 15-6
IMAQ Draw VI, 13-26 to 13-27
IMAQ DrawText VI, 13-27 to 13-30
IMAQ EdgeDetection VI, 17-6 to 17-7
IMAQ Equalize VI, 16-11 to 16-12
IMAQ Error VI, 10-5 to 10-6
IMAQ Expand VI, 13-5to 13-7
IMAQ Extract VI, 13-4 to 13-5
IMAQ ExtractColorPlanes, 22-4 to 22-5
IMAQ FFT VI, 21-2 to 21-3
IMAQ FillHole VI, 18-10to 18-11
IMAQ Filllmage VI, 13-31 to 13-32
IMAQ GetCalibration VI, 13-11 to 13-12
IMAQ GetColorPixelLine VI, 22-18 to 22-19
IMAQ GetColorPixelValue VI,
22-16to 22-17
IMAQ GetFilelnfo VI, 11-4to 11-5
IMAQ GetlmagePixelPtr VI, 23-1 to 23-5
IMAQ GetlmageSize VI, 13-2
IMAQ GetKernel VI, 17-3to 17-5
IMAQ GetlLastKey VI, 12-46
IMAQ GetOffset VI, 13-7 to 13-8
IMAQ GetPalette VI, 12-8 to 12-9
IMAQ GetPixelLine VI, 13-18
IMAQ GetPixelValue VI, 13-16
IMAQ GetRowCol VI, 13-19
IMAQ GetScreenSize VI, 12-37 to 12-38
IMAQ GetUserPen VI, 12-42 to 12-43
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IMAQ GrayMorphology VI, 18-5 to 18-7
IMAQ Histograph VI, 19-3 to 19-6
IMAQ History VI, 19-1 to 19-3
IMAQ ImageBorderOperation VI,
23-10to 23-11
IMAQ ImageBorderSize VI, 23-11
IMAQ ImageToArray VI, 13-22 to 13-23
IMAQ ImageToClipboard VI, 13-24 to 13-25
IMAQ ImageToComplexPlane VI,
21-19t0 21-20
IMAQ ImageTolmage VI, 13-14 to 13-15
IMAQ IntegerToColorValue VI,
22-24 10 22-26
IMAQ Interlace VI, 23-9 to 23-10
IMAQ InverseFFT VI, 21-3 to 21-4
IMAQ Label VI, 16-13 to 16-14
IMAQ LinearAverages VI, 19-8 to 19-9
IMAQ LineProfile VI, 19-6 to 19-8
IMAQ LogDiff VI, 15-13 to 15-14
IMAQ LowPass VI, 17-10to 17-11
IMAQ MagicWand VI, 13-30 to 13-31
IMAQ Mask VI, 15-17
IMAQ MaskToROI VI, 12-28
IMAQ MathLookup VI, 16-8 to 16-10
IMAQ MemPeek VI, 23-7 to 23-8
IMAQ Modulo VI, 15-8 to 15-9
IMAQ Morphology VI, 18-3 to 18-5
IMAQ MulDiv VI, 15-7 to 15-8
IMAQ Multiply VI, 15-4 to 15-5
IMAQ MultiThreshold VI, 16-2 to 16-4
IMAQ NthOrder VI, 17-8 to 17-9
IMAQ Or VI, 15-11to 15-12
IMAQ PaletteTolerance (Macintosh/Power
Macintosh only) VI, 12-9 to 12-10
IMAQ Quantify VI, 19-9 to 19-10
IMAQ ReadFile VI, 11-1to 11-4
IMAQ RejectBorder VI, 18-11 to 18-12
IMAQ RemoveParticle VI, 18-9 to 18-10
IMAQ ReplaceColorPlane VI, 22-5 to 22-6
IMAQ Resample VI, 13-10to 13-11
IMAQ RGBTocolor VI, 22-23 to 22-24
IMAQ ROIToMask VI, 12-27 to 12-28
IMAQ Rotate VI, 20-4 to 20-5
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IMAQ Segmentation VI, 18-14 to 18-15
IMAQ Separation VI, 18-17 to 18-18
IMAQ SetCalibration VI, 13-12 to 13-13
IMAQ SetColorPixelLine VI, 22-20 to 22-21
IMAQ SetColorPixelValue VI,

22-17 to 22-18
IMAQ SetimageSize VI, 13-3
IMAQ SetOffset VI, 13-9
IMAQ SetPixelLine VI, 13-20
IMAQ SetPixelValue VI, 13-17
IMAQ SetRowCol VI, 13-21 to 13-22
IMAQ SetupBrush VI, 12-43 to 12-45
IMAQ SetUserPen VI, 12-40 to 12-42
IMAQ Shift VI, 20-5 to 20-6
IMAQ Shiftl6to8 VI, 14-5 to 14-6
IMAQ Skeleton VI, 18-15t0 18-16
IMAQ Status VI, 10-6 to 10-7
IMAQ Subtract VI, 15-2 to 15-4
IMAQ Symmetry VI, 20-7 to 20-8
IMAQ Threshold VI, 16-1 to 16-2
IMAQ UserLookup VI, 16-7 to 16-8
IMAQ Vision programming conceptSee

programming concepts.
IMAQ WindClose VI, 12-4 to 12-5
IMAQ WindDraw VI, 12-2 to 12-4
IMAQ WindDrawRect VI, 12-37
IMAQ WindEraseROI VI, 12-26
IMAQ WindGetMouse VI, 12-35 to 12-36
IMAQ WindGetROI VI, 12-24
IMAQ WindGrid VI, 12-22 to 12-23
IMAQ WindLastEvent VI, 12-18 to 12-21
IMAQ WindMove VI, 12-6
IMAQ WindRoiColor VI, 12-36
IMAQ WindSetROI VI, 12-25 to 12-26
IMAQ WindSetup VI, 12-34 to 12-35
IMAQ WindShow VI, 12-5
IMAQ WindSize VI, 12-7 to 12-8
IMAQ WindToolsClose VI, 12-18
IMAQ WindToolsMove VI, 12-17
IMAQ WindToolsSelect VI, 12-14 to 12-16
IMAQ WindToolsSetup VI, 12-12 to 12-14
IMAQ WindToolsShow VI, 12-16 to 12-17
IMAQ WindUserClose VI, 12-33
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IMAQ WindUserEvent VI, 12-33 to 12-34

IMAQ WindUserMove VI, 12-32

IMAQ WindUserSetup VI, 12-29 to 12-30

IMAQ WindUserShow VI, 12-31 to 12-32

IMAQ WindUserStatus VI, 12-30 to 12-31

IMAQ WindXYZoom VI, 12-38 to 12-40

IMAQ WindZoom VI, 12-21 to 12-22

IMAQ WriteFile VI, 11-5to 11-6

IMAQ Xor VI, 15-12 to 15-13

intensity calibration, 8-2

intensity range, 8-2

intensity threshold, 8-2

interclass variance, automatic
thresholding, 7-6

internal edge function, primary binary
morphology, 7-13 to 7-14

L

L-skeleton function, 7-26
labeling function, advanced binary
morphology, 7-23See alsdMAQ
Label VI.
Laplacian convolution filter, 5-13
Laplacian filters, 5-12 to 5-17
contour extraction and highlighting,
5-14 to 5-15
contour thickness, 5-15to 5to 16
definition, 5-12
example, 5-12 to 5-13
kernel definition, 5-13
predefined kernels, 5-16 to 5-17
length parameters, 8-7 to 8-8
breadth, 8-7
height, 8-8
holes' perimeter, 8-7
particle perimeter, 8-7
line entity, 9-14
line profile, 2-7 to 2-8
linear filters, defined, 5-2
linear filters or convolution filters, 5-3 to 5-22
gradient filter, 5-4 to 5-12
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edge extraction and edge
highlighting, 5-7 to 5-9
edge thickness, 5-9
example, 5-5
filter axis and direction, 5-6 to 5-7
kernel definition, 5-5 to 5-6
predefined gradient kernels,
5-10to 5-12
Prewitt filters, 5-10
Sobel filters, 5-11 to 5-12
Laplacian filters, 5-12 to 5-17
contour extraction and highlighting,
5-14 to 5-15
contour thickness, 5-15to 5to 16
example, 5-12 to 5-13
kernel definition, 5-13
predefined kernels, 5-16 to 5-17
overview, 5-3to 5-4
linear histogram, 2-5
logarithmic and inverse gamma correction,
3-7t03-9
Logarithmic function
logarithmic and inverse gamma
correction, 3-7
transfer function and effect (table), 3-3
Logic Operator Vls, 15-10 to 15-17
IMAQ And, 15-10to 15-11
IMAQ Compare, 15-15 to 15-16
IMAQ LogDiff, 15-13 to 15-14
IMAQ Mask, 15-17
IMAQ Or, 15-11to 15-12
IMAQ Xor, 15-12 to 15-13
logic operators, 4-2 to 4-7
example 1, 4-5 to 4-6
example 2, 4-6 to 4-7
list of operators (table), 4-2
truth tables, 4-4
uses, 4-3
lookup table transformations, 3-1 to 3-Bee
alsoProcessing Vis.
definition, 3-1
equalization, 3-4 to 3-5
example, 3-2to 3-3
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exponential and gamma correction,
3-9to0 3-11
logarithmic and inverse gamma
correction, 3-7 to 3-9
overview, 3-1 to 3-2
predefined lookup tables, 3-3 to 3-4
Reverse function, 3-6 to 3-7
lowpass FFT filters, 6-6 to 6-9
attenuation, 6-7 to 6-8
overview, 6-2
truncation, 6-8 to 6-9
lowpass filters
advanced binary morphology functions,
7-23t0 7-25
classification summary (table), 5-3
definition, 5-1
nonlinear, 5-26
LUT. Seelookup table transformations.

M-skeleton function, 7-27
Management VIs, 10-1 to 10-7
IMAQ Create, 10-1 to 10-3
IMAQ Create&LockSpace, 10-3 to 10-4
IMAQ Dispose, 10-4 to 10-5
IMAQ Error, 10-5to 10-6
IMAQ Status, 10-6 to 10-7
manual.Seedocumentation.
mask FFT filters, overview, 6-3
masking images, with operators, 4-1
max chord length parameter, 8-10
max chord X and max chord Y,
coordinates, 8-9
max intercept parameter, 8-10
mean chord X parameter, 8-10
mean chord Y parameter, 8-10
mean intercept perpendicular parameter, 8-10
median filter, 5-27
metric technique, automatic thresholding, 7-6
min(X, Y) and max(X, Y), coordinates, 8-9

IMAQ Vision for G Reference Manual I-10

MMX compatibility of IMAQ Vision for G,
9-3t0 94
Intel MMX technology, 9-3
MMX icon, 9-4
overview of MMX features, 9-4
moments of inertia,, lyy, Ixy, Shape-feature
parameters, 8-14
moments technique, automatic
thresholding, 7-6
morphology analysis, 7-1 to 7-38
advanced binary morphology functions,
7-22t0 7-32
border function, 7-22
circle function, 7-30 to 7-31
convex function, 7-31 to 7-32
Danielsson function, 7-29 to 7-30
distance function, 7-29
highpass filters, 7-24 to 7-25
hole filling function, 7-22
labeling function, 7-23
lowpass filters, 7-23 to 7-25
segmentation function, 7-27 to 7-29
separation function, 7-25 to 7-26
skeleton functions, 7-26 to 7-27
gray-level morphology, 7-32 to 7-38
auto-median function, 7-38
closing function, 7-35 to 7-36
dilation function, 7-33 to 7-34
erosion function, 7-33 to 7-34
opening function, 7-34 to 7-36
proper-closing function, 7-37
proper-opening function,
7-36 to 7-37
overview, 7-1
primary binary morphology functions,
7-9to 7-22
auto-median function, 7-21 to 7-22
closing function, 7-12 to 7-13
dilation function, 7-9 to 7-11
erosion function, 7-9 to 7-11
external edge function, 7-13to 7-14
hit-miss function, 7-14 to 7-16
internal edge function, 7-13 to 7-14
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opening function, 7-12 to 7-13

proper-closing function, 7-21

proper-opening function, 7-20

thickening function, 7-18 to 7-20

thinning function, 7-17 to 7-18
structuring element, 7-7 to 7-8
thresholding, 7-1to 7-7

automatic, 7-3to 7-7

clustering, 7-3to 7-5

color image, 7-3

entropy, 7-6

example, 7-2to 7-3

interclass variance, 7-6

metric, 7-6

moments, 7-6

Morphology Vls, 18-1 to 18-18

IMAQ Circles, 18-13to 18-14

IMAQ Convex, 18-12

IMAQ Danielsson, 18-8

IMAQ Distance, 18-7 to 18-8

IMAQ FillHole, 18-10 to 18-11

IMAQ GrayMorphology, 18-5 to 18-7
IMAQ Morphology, 18-3 to 18-5
IMAQ RejectBorder, 18-11 to 18-12
IMAQ RemoveParticle, 18-9 to 18-10
IMAQ Segmentation, 18-14 to 18-15
IMAQ Separation, 18-17 to 18-18
IMAQ Skeleton, 18-15to 18-16
overview, 18-1 to 18-3

Multiplication operator (table), 4-2

NAND operator

equation (table), 4-2
truth table, 4-4

nonlinear filters, 5-22 to 5-28
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classification summary (table), 5-3
definition, 5-2, 5-22

differentiation filter, 5-25

example, 5-24

gradient filter, 5-25

lowpass filter, 5-26

I-11

Index

median filter, 5-27
Nth order filter, 5-27 to 5-28
Prewitt filter, 5-23
Roberts filter, 5-25
Sigma filter, 5-26
Sobel filter, 5-23
NOR operator
equation (table), 4-2
truth table, 4-4
normalization factor, 5-3
NOT operator, truth table, 4-4
Nth order filter, 5-27 to 5-28

0

object measurements, 8-5to 8-18
areas, 8-5to 8-7
chords and axes, 8-9 to 8-11
coordinates, 8-8 to 8-9
lengths, 8-7 to 8-8
shape equivalence, 8-11 to 8-14
shape features, 8-14 to 8-18
opening function
gray-level morphology, 7-34 to 7-36
primary binary morphology, 7-12 to 7-13
operatorsSee alsdrithmetic Operator VIs;
Logic Operator Vls.
arithmetic, 4-2
concepts and mathematics, 4-1
logic, 4-2 to 4-7
example 1, 4-5 to 4-6
example 2, 4-6 to 4-7
list of operators (table), 4-2
truth tables, 4-4
optical representation, FFT display, 6-6 to 6-7
OR operatorSee alsd_ogic Operator VIs.
equation (table), 4-2
truth table, 4-4
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P

palettes, 2-1 to 2-4, 2-1 to 2-8

binary palette, 2-4

B&W (gray) palette, 2-2

definition, 2-1

gradient palette, 2-3

image histogram, 2-4

overview, 2-1 to 2-2

rainbow palette, 2-3

temperature palette, 2-3
particle orientation parameter, 8-10 to 8-11
PICT format, gray-level image, 1-3
pixel calibration, 8-1
pixel depth, 1-2
pixel frame.Seeimage pixel frame.
pixel tool Vis.SeeTools (Pixel) Vls.
pixels, table of, 9-15
planesSee alscColor Vis.

color planes inversion [PC],

22-2 t0 22-23

planes, number of, 1-2
Power 1/Y function

example, 3-8

logarithmic and inverse gamma

correction, 3-7

transfer function and effect (table), 3-3
Power Y function

example, 3-10

exponential and gamma correction, 3-9

transfer function and effect (table), 3-4
predefined gradient kernels, 5-11 to 5-12
predefined lookup tables, 3-3 to 3-4
Prewitt filters

nonlinear, 5-23

predefined gradient kernels, 5-10
primary binary morphology functionSee

binary morphology functions.

Processing Vls, 16-1to 16-14

IMAQ AutoBThreshold, 16-4 to 16-5

IMAQ AutoMThreshold, 16-5 to 16-7

IMAQ Equalize, 16-11 to 16-12

IMAQ Label, 16-13 to 16-14

IMAQ MathLookup, 16-8 to 16-10
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IMAQ MultiThreshold, 16-2 to 16-4
IMAQ Threshold, 16-1 to 16-2
IMAQ UserLookup, 16-7 to 16-8
programming concepts, 9-1 to 9-17.
See alsd/Is.
manipulation of images, 9-9 to 9-17
arithmetic or logical operations, 9-13
combinations of input
and output, 9-11
connectivity 4/8, 9-15
creating images, 9-10
Image Dst input, 9-10 to 9-13
Image Mask input, 9-11 to 9-12
Image Src input, 9-10, 9-12 to 9-13
image structure, 9-9
line entity, 9-14
overview, 9-1to 9-2
rectangle entity, 9-14
Square/Hexa input, 9-16 to 9-17
structuring element, 9-16
table of pixels, 9-15
MMX compatibility, 9-3 to 9-4
proper-closing function
gray-level morphology, 7-37
primary binary morphology, 7-21
proper-opening function
gray-level morphology, 7-36 to 7-37
primary binary morphology, 7-20

Q

gquantitative analysis, 8-1 to 8-19

definition of digital object, 8-2 to 8-5
area threshold, 8-4 to 8-5
connectivity, 8-2 to 8-4
intensity threshold, 8-2

densitometry, 8-18 to 8-19

diverse measurements, 8-19

intensity calibration, 8-2

object measurements, 8-5to 8-18
areas, 8-5to0 8-7
chords and axes, 8-9to 8-11
coordinates, 8-8 to 8-9
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lengths, 8-7 to 8-8

shape equivalence, 8-11 to 8-14

shape features, 8-14 to 8-18
spatial calibration, 8-1

R

rainbow palette, 2-3
RASTR format, gray-level image, 1-3
rectangle big side, shape-equivalence
parameters, 8-13
rectangle entity, 9-14
rectangle ratio, shape-equivalence
parameters, 8-14
rectangle small side, shape-equivalence
parameters, 8-14
rectangular frame, 1-7
Regions of Interest, 12-23 to 12-28
IMAQ MaskToROI, 12-28
IMAQ ROIToMask, 12-27 to 12-28
IMAQ WindEraseROI, 12-26
IMAQ WindGetROlI, 12-24
IMAQ WindSetROI, 12-25 to 12-26
Remainder operator (table), 4-2
resolution
of images, 1-1
spatial, 1-1
Reverse function
example, 3-6 to 3-6
purpose and use, 3-6
transfer function and effect (table), 3-3
RGB chunky image type, 1-3, 9-1
Roberts filter, 5-25

S

scale of histogram, 2-7
segmentation functiorsee alsdMAQ
Segmentation VI.
advanced binary morphology,
7-2710 7-29
compared with skiz function, 7-28 to 7-29
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separation function, advanced binary
morphology, 7-25 to 7-26ee alsdMAQ
Separation VI.
shape-equivalence parameters, 8-11 to 8-14
ellipse major axis, 8-12 to 8-13
ellipse minor axis, 8-13
ellipse ratio, 8-13
equivalent ellipse minor axis, 8-12
rectangle big side, 8-13
rectangle ratio, 8-14
rectangle small side, 8-14
shape-feature parameters, 8-14 to 8-18
compactness factor, 8-15
elongation factor, 8-15
Heywood circularity factor, 8-15
hydraulic radius, 8-15 to 8-16
moments of inertiayl, lyy, Ixy, 8-14
Waddel disk diameter, 8-16 to 8-18
definitions of primary
measurements, 8-16
derived measurements (table),
8-17 to 8-18
Sigma filter, 5-26
skeleton functions, 7-26 to 7-2%ee also
IMAQ Skeleton VI.
L-skeleton, 7-26
M-skeleton, 7-27
skiz, 7-27
skiz function
compared with segmentation function,
7-28to 7-29
purpose and use, 7-27
smoothing convolution filter, 5-18
smoothing filter, 5-17 to 5-20
definition, 5-17
example, 5-17 to 5-18
kernel definition, 5-18 to 5-19
predefined smoothing kernels,
5-19 to 5-20
Sobel filters, nonlinear, 5-23
spatial calibration, 8-1
spatial filtering, 5-1 to 5-28
categories, 5-1
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classification summary (table), 5-3
definition, 5-1
Gaussian filters, 5-20 to 5-22
example, 5-20 to 5-21
kernel definition, 5-21
predefined Gaussian kernels,
5-21to 5-22
gradient filter, 5-4 to 5-12
edge extraction and edge
highlighting, 5-7 to 5-9
edge thickness, 5-9
example, 5-5
filter axis and direction, 5-6 to 5-7
kernel definition, 5-5 to 5-6
predefined gradient kernels,
5-10to 5-12
Prewitt filters, 5-10
Sobel filters, 5-11 to 5-12
Laplacian filters, 5-12 to 5-17
contour extraction and highlighting,
5-14 to 5-15
contour thickness, 5-15to 5 to 16
example, 5-12 to 5-13
kernel definition, 5-13
predefined kernels, 5-16 to 5-17
linear filters or convolution filters,
5-3to 5-22
nonlinear filters, 5-22 to 5-28
differentiation filter, 5-25
example, 5-24
gradient filter, 5-25
lowpass filter, 5-26
median filter, 5-27
Nth order filter, 5-27 to 5-28
Prewitt filter, 5-23
Roberts filter, 5-25
Sigma filter, 5-26
Sobel filter, 5-23
smoothing filter, 5-17 to 5-20
example, 5-17 to 5-18
kernel definition, 5-18 to 5-19
predefined smoothing kernels,
5-19 to 5-20
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spatial resolution, 1-1
Square function
example, 3-10
exponential and gamma correction, 3-9
transfer function and effect (table), 3-4
Square Root function
example, 3-8
logarithmic and inverse gamma
correction, 3-7
transfer function and effect (table), 3-3
Square/Hexa input, 9-16 to 9-17, 18-2
standard representation, FFT display, 6-6
status SeelMAQ Status VI.
structuring element, 7-7 to 7-8
definition, 7-7
dilation function example, 7-12
erosion function example, 7-11
morphological transformation, 7-7 to 7-8
programming concepts, 9-16

T

table of pixels entity, 9-15
technical support, A-1 to A-2
temperature palette, 2-3
thickening function, primary binary
morphology, 7-18 to 7-20
thinning function, primary binary
morphology, 7-17 to 7-18
3D view, 2-8.See alsdMAQ 3DView VI.
threshold interval, 8-2
thresholding, 7-1 to 7-See also
Processing ViIs.
automatic, 7-3to 7-7
clustering, 7-3to 7-5
entropy, 7-6
interclass variance, 7-6
metric, 7-6
moments, 7-6
color image, 7-3
example, 7-2to 7-3
with operators, 4-1
overview, 7-1to 7-2
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TIFF format, gray-level image, 1-3 \

tools and utilitiesSeeimage histogram; Vis

palettes.

Tools (Diverse) Vls, 13-24 to 13-32
IMAQ ClipboardTolmage, 13-25
IMAQ Draw, 13-26 to 13-27
IMAQ DrawText, 13-27 to 13-30
IMAQ Filllmage, 13-31 to 13-32
IMAQ ImageToClipboard,

13-24t0 13-25
IMAQ MagicWand, 13-30 to 13-31
tools for displaySeeDisplay VIs, Display
(Tools).

Tools (Image) Vis
IMAQ Copy, 13-1to 13-2
IMAQ Expand, 13-5to 13-7
IMAQ Extract, 13-4 to 13-5
IMAQ GetCalibration, 13-11 to 13-12
IMAQ GetlmageSize, 13-2
IMAQ GetOffset, 13-7 to 13-8
IMAQ ImageTolmage, 13-14 to 13-15
IMAQ Resample, 13-10 to 13-11
IMAQ SetCalibration, 13-12 to 13-13
IMAQ SetimageSize, 13-3
IMAQ SetOffset, 13-9

Tools (Pixel) Vs, 13-16 to 13-24
IMAQ ArrayTolmage, 13-23 to 13-24
IMAQ GetPixelLine, 13-18
IMAQ GetPixelValue, 13-16
IMAQ GetRowCol, 13-19
IMAQ ImageToArray, 13-22 to 13-23
IMAQ SetPixelLine, 13-20
IMAQ SetPixelValue, 13-17
IMAQ SetRowCol, 13-21 to 13-22

truth tables for logic operators, 4-2

in advanced version of IMAQ Vision
(table), 9-7 to 9-9
Analysis, 19-11 to 19-23
IMAQ BasicParticle, 19-11 to 19-13
IMAQ Centroid, 19-10 to 19-11
IMAQ ChooseMeasurements,
19-20 to 19-23
IMAQ ComplexMeasure,
19-15to0 19-20
IMAQ ComplexParticle,
19-13t0 19-15
IMAQ Histograph, 19-3 to 19-6
IMAQ History, 19-1 to 19-3
IMAQ LinearAverages, 19-8 to 19-9
IMAQ LineProfile, 19-6 to 19-8
IMAQ Quantify, 19-9 to 19-10
Arithmetic Operators, 15-1 to 15-9
IMAQ Add, 15-1 to 15-2
IMAQ Divide, 15-5to 15-6
IMAQ Modulo, 15-8 to 15-9
IMAQ MulDiv, 15-7 to 15-8
IMAQ Multiply, 15-4 to 15-5
IMAQ Subtract, 15-2 to 15-4
in base and advanced versions of IMAQ
Vision (table), 9-6 to 9-7
Color, 22-1 to 22-27
color planes inversion [PC],
22-2 to 22-23
IMAQ ArrayToColorimage,
22-22 to 22-23
IMAQ ColorEqualize, 22-15
IMAQ ColorHistogram, 22-7 to 22-8
IMAQ ColorHistograph,

22-9t0 22-10
1] IMAQ ColorimageToArray,
I . . 22-2110 22-22
utilities. Seeimage histogram; palettes. IMAQ ColorThreshold

22-11t022-12
IMAQ ColorUserLookup,
22-13t0 22-14
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IMAQ ColorValuetolnteger,
22-26 to 22-27

IMAQ ExtractColorPlanes,
22-4t0 22-5

IMAQ GetColorPixelLine,
22-18t0 22-19

IMAQ GetColorPixelValue,
22-16 to 22-17

IMAQ IntegerToColorValue,
22-24 t0 22-26

IMAQ ReplaceColorPlane,
22-5t0 22-6

IMAQ RGBTocolor, 22-23 to 22-24

IMAQ SetColorPixelLine,
22-20t0 22-21

IMAQ SetColorPixelValue,
22-17 t0 22-18

overview, 22-1 to 22-2

Complex, 21-1 to 21-20

IMAQ ArrayToCompleximage,
21-15t0 21-16

IMAQ ArrayToComplexPlane,
21-17t0 21-18

IMAQ ComplexAdd, 21-8 to 21-9

IMAQ ComplexAttenuate, 21-6

IMAQ ComplexConjugate, 21-5

IMAQ ComplexDivide,
21-12t0 21-14

IMAQ ComplexFlipFrequency,
21-4t0 21-5

IMAQ CompleximageToArray,
21-141t0 21-15

IMAQ ComplexMultiply,
21-11to0 21-12

IMAQ ComplexPlaneToArray,
21-16 to 21-17

IMAQ ComplexPlaneTolmage,
21-18t0 21-19

IMAQ ComplexSubtract,
21-9to 21-11

IMAQ ComplexTruncate,
21-7to0 21-8

IMAQ FFT, 21-2 to 21-3
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IMAQ ImageToComplexPlane,
21-19to 21-20
IMAQ InverseFFT, 21-3to 21-4
overview, 21-1 to 21-2
Conversion, 14-1 to 14-6
IMAQ Cast, 14-2 to 14-3
IMAQ Convert, 14-1 to 14-2
IMAQ ConvertByLookup,
14-4to 14-5
IMAQ Shift16to8, 14-5 to 14-6
Display (Basics), 12-2 to 12-10
IMAQ GetPalette, 12-8 to 12-9
IMAQ PaletteTolerance (Macintosh/
Power Macintosh only),
12-9to0 12-10
IMAQ WindClose, 12-4 to 12-5
IMAQ WindDraw, 12-2 to 12-4
IMAQ WindMove, 12-6
IMAQ WindShow, 12-5
IMAQ WindSize, 12-7 to 12-8
Display (Special), 12-34 to 12-46
IMAQ GetlLastKey, 12-46
IMAQ GetScreenSize,
12-37 to 12-38
IMAQ GetUserPen, 12-42 to 12-43
IMAQ SetupBrush, 12-43 to 12-45
IMAQ SetUserPen, 12-40 to 12-42
IMAQ WindDrawRect, 12-37
IMAQ WindGetMouse,
12-35t0 12-36
IMAQ WindRoiColor, 12-36
IMAQ WindSetup, 12-34 to 12-35
IMAQ WindXYZoom,
12-381t0 12-40
Display (Tools), 12-10 to 12-23
IMAQ WindGrid, 12-22 to 12-23
IMAQ WindLastEvent,
12-18to0 12-21
IMAQ WindToolsClose, 12-18
IMAQ WindToolsMove, 12-17
IMAQ WindToolsSelect,
12-14t0 12-16
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IMAQ WindToolsSetup,
12-12to0 12-14
IMAQ WindToolsShow,
12-16to 12-17
IMAQ WindZoom, 12-21 to 12-22
Display (User), 12-29to 12-34
IMAQ WindUserClose, 12-33
IMAQ WindUserEvent,
12-33t0 12-34
IMAQ WindUserMove, 12-32
IMAQ WindUserSetup,
12-29to 12-30
IMAQ WindUserShow,
12-31t0 12-32
IMAQ WindUserStatus,
12-30to 12-31
error clusters, 9-4 to 9-5
External Library Support, 23-1 to 23-11
IMAQ CharPtrToString,
23-6 to 23-7
IMAQ GetlmagePixelPtr,
23-1t0 23-5
IMAQ ImageBorderOperation,
23-10to0 23-11
IMAQ ImageBorderSize, 23-11
IMAQ Interlace, 23-9 to 23-10
IMAQ MemPeek, 23-7 to 23-8
File Vs, 11-1t0 11-6
IMAQ GetFilelnfo, 11-4to 11-5
IMAQ ReadFile, 11-1to 11-4
IMAQ WriteFile, 11-5t0 11-6
Filter, 17-1to 17-12
IMAQ BuildKernel, 17-5to 17-6
IMAQ Convolute, 17-2 to 17-3
IMAQ Correlate, 17-11to 17-12
IMAQ EdgeDetection, 17-6 to 17-7
IMAQ GetKernel, 17-3to 17-5
IMAQ LowPass, 17-10to 17-11
IMAQ NthOrder, 17-8 to 17-9
Geometry, 20-1 to 20-8
IMAQ 3DView, 20-1 to 20-4
IMAQ Rotate, 20-4 to 20-5
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IMAQ Shift, 20-5 to 20-6
IMAQ Symmetry, 20-7 to 20-8
image-type icons, 9-2 to 9-3
Logic Operators, 15-10 to 15-17
IMAQ And, 15-10 to 15-11
IMAQ Compare, 15-15to 15-16
IMAQ LogDiff, 15-13 to 15-14
IMAQ Mask, 15-17
IMAQ Or, 15-11 to 15-12
IMAQ Xor, 15-12 to 15-13
Management VIs, 10-1 to 10-7
IMAQ Create, 10-1to 10-3
IMAQ Create&LockSpace,
10-3to 10-4
IMAQ Dispose, 10-4 to 10-5
IMAQ Error, 10-5 to 10-6
IMAQ Status, 10-6 to 10-7
Morphology, 18-1 to 18-18
IMAQ Circles, 18-13to 18-14
IMAQ Convex, 18-12
IMAQ Danielsson, 18-8
IMAQ Distance, 18-7 to 18-8
IMAQ FillHole, 18-10to 18-11
IMAQ GrayMorphology,
18-5t0 18-7
IMAQ Morphology, 18-3 to 18-5
IMAQ RejectBorder, 18-11 to 18-12
IMAQ RemoveParticle,
18-9to0 18-10
IMAQ Segmentation, 18-14 to 18-15
IMAQ Separation, 18-17 to 18-18
IMAQ Skeleton, 18-15t0 18-16
overview, 18-1to 18-3
Processing, 16-1 to 16-14
IMAQ AutoBThreshold,
16-4 to 16-5
IMAQ AutoMThreshold,
16-5to 16-7
IMAQ Equalize, 16-11 to 16-12
IMAQ Label, 16-13 to 16-14
IMAQ MathLookup, 16-8 to 16-10
IMAQ MultiThreshold, 16-2 to 16-4
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IMAQ Threshold, 16-1 to 16-2
IMAQ UserLookup, 16-7 to 16-8
Regions of Interest, 12-23 to 12-28
IMAQ MaskToROI, 12-28
IMAQ ROIToMask, 12-27 to 12-28
IMAQ WindEraseROlI, 12-26
IMAQ WindGetROlI, 12-24
IMAQ WindSetROlI, 12-25 to 12-26
Tools (Diverse), 13-24 to 13-32
IMAQ ClipboardTolmage, 13-25
IMAQ Draw, 13-26 to 13-27
IMAQ DrawText, 13-27 to 13-30
IMAQ Filllmage, 13-31 to 13-32
IMAQ ImageToClipboard,
13-24t0 13-25
IMAQ MagicWand, 13-30 to 13-31
Tools (Image)
IMAQ Copy, 13-11t0 13-2
IMAQ Expand, 13-5to0 13-7
IMAQ Extract, 13-4 to 13-5
IMAQ GetCalibration,
13-111t013-12
IMAQ GetlmageSize, 13-2
IMAQ GetOffset, 13-7 to 13-8
IMAQ ImageTolmage,
13-14t0 13-15
IMAQ Resample, 13-10to 13-11
IMAQ SetCalibration,
13-121t013-13
IMAQ SetimageSize, 13-3
IMAQ SetOffset, 13-9
Tools (Pixel), 13-16 to 13-24
IMAQ ArrayTolmage,
13-231t0 13-24
IMAQ GetPixelLine, 13-18
IMAQ GetPixelValue, 13-16
IMAQ GetRowCol, 13-19
IMAQ ImageToArray,
13-22to 13-23
IMAQ SetPixelLine, 13-20
IMAQ SetPixelValue, 13-17
IMAQ SetRowCol, 13-21 to 13-22
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Waddel disk diameter, 8-16 to 8-18
definitions of primary
measurements, 8-16
derived measurements (table),
8-17 to 8-18
windows managemereeDisplay VIs.

X

XOR operator, equation (table), 4&ee also
Logic Operator Vls.
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