XYRectify tip sheet

This tip sheet was prepared for users with a working knowledge of
the iWitness™ close-range photogrammetry software system

The purpose of this tip sheet is to provide the basic understanding of
using XYRectify and to present an accurate means of scaling the
XYRectify (rectified JPEG image) using a CAD diagramming software.

For this procedure, it is assumed the user has basic familiarity with the
XYRectify software. If not, please refer to the XYRectify User Manual. We
will also use the CAD Zone Quick Scene diagramming software in
combination with an originally shot oblique image that was later rectified
using the XYRectify software.

Background

Rectification is the image processing technique whereby an image taken
obliquely to a plane is converted to an equivalent ‘normal’ image of that
same plane. An easy way to picture the rectification process is to consider
the conversion of an oblique aerial image of the ground to a corresponding
vertical image. This process, which requires the establishment of a minimum
of four control points of known XY coordinates in the object plane, along with
the marking of the four corresponding image points, is carried out using
XYRectify. Following rectification, XY coordinates can be measured within
XYRectify, or with the scale-homogeneous rectified image and a CAD
diagramming program.

1. Ifitis at all possible, it is best to pre-calibrate the camera in iWitness,
and use the focal length & other camera parameters as the calibration
settings for XYRectify.

If the camera is NOT in the XYRectify Global Camera Database (see Figure
1), upon importing the image, Figure 2 is presented.

] This camera is naot in the database,
[ Camera details must be completed manually

Figure 1
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Camera parameters

Image dimensions are:
2304  pixels wide 2 3456  pixels high

The following three fields must have valid entry data

Enker camera make and model

Camera name far | default

Enter Focal length in mm 26,000

Enter the following data if known, otherwise leave as itis

: Pammn
Size of image pizel (mm) W Camera Image
Size of imaging sensar (mnm) width 11,52 height 17.28

Principal point coordinates (mm) ) | 0.0

vp | 0.0

Radial lens distortion coefficients K1 0.0 Kz 0.0 k3 | n.o
Decentring distortion coefficients P1 | 0,000e+000 Pz | 0.000e+000

Cancel | (o4

Figure 2

2. In this instance, the focal length of 26mm is simply read in XYRectify
from an image’s EXIF header tag. If the Pixel size is not correct, the user
should go to www.dpreview.com and select the Canon EOS 350D camera:
http://www.dpreview.com/reviews/CanonEQS350D/page2.asp and determine
the pixel size: In this case being: Sensor width 22.2mm / Max. Image width
3456 pixels = .0064mm.

In Figure 2, type .0064 in the “Size of image pixel” field.

3. In Figure 3, note that the camera was not calibrated, so there’s no
correction for the DISTORTION Parameters (specifically K1). For most
rectified measurements, K1 is important, but K2 and K3, as well as P1 and
P2, are not absolutely necessary. If the camera has been calibrated, then it is
best to click the “Apply corrections” box. The pixel size (mm) should be
correct relative to the c(mm) focal length (as noted in Figure 2.) NOTE: it is
always better to work with a camera that’s been calibrated using iWitness to
optimize accuracy for use in XYRectify.
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Camera parameters

Information
Model: | Canon EQS DIGITAL REBEL =T

Sensor specifics

Wiide High
Resolution {pixels): | 2304 | 3456
Pixel size {mm): | 0.0064 | 0.00&4

Focal length and principal paink

 (rm): 26,0000

xp (mmy: | 0.0000 L Ok
wp (s 0,0000
Distorbions

k1: |0.00008+000  pq; |0.0000e+000

k2: |0.0000e+000  P2: |0.0000e+000

K3: |0.0000e4+000 | apply correckions

Figure 3

4. At this stage the camera parameters are set up and the image will be
imported. Double-click the image thumbnail to display it.

5. Control Points:

XYRectify requires a minimum of 4 control points on a fairly planar surface
and spread out (in this example a roadway intersection.) The control points
are XY coordinates that need to be accurate. In this instance a total station
was used to measure a quantity six XY coordinates; but a total station is not
the only means of obtaining these XY coordinates, they could come from
many different sources.

Create a Control Point file using MS Notepad. Type in the name of the
control point, and then its X, and Y coordinates, separated by TABS. See
Figure 4. Save the file in your working folder.

2 control - Notepad N Y
In our example “Lwr_BE” means

File Edit Faormat "."iEW2 2HE!;I e “Lower Bu/IS_Eye" as deﬁned by

Lwr_EE . -122. : :

Center_BE 26.8 =19, 98 tbe Whlte X and. t.he .Whlte

Upper _EE 31.25  7O.26 circle in the rectified image.

Left_cL -4.09  -30.03

E;thEEL e T Left_CL is the end of the double
h centerline on the left side (note:

Figure 4 the image is actually illustrated

upside down, so that is why it
appears on the right side in the
image marking process noted in
Figure 7.)




6. Click on the File + Import Control... and open the newly created control
points file.

¥ | XYRectify - Untitled

=8 Window Help

Mew Chrl+M
CpEm... Chrl+O
Close... I
Save Chrl+S ]
Save As...

Imnport Images. ..

W

1 samplel
Z samplel
3 resulk applied corrections 4 cps
4 resulk applied corrections 4 cps

Exit Figure 5

7. A “Control Points” thumbnail is presented in the thumbnails located to the
left side of the screen (see Figure 10). Double-click it and the control points
dialog will be presented, as in Figure 6.

Control Points

Label | % | ¥ EREE
g || - RN 22,300 -122.550
W CENTER BE | 26.800 -19,980
[ I 31.250 78,260
B a -4.080 -30,030
B rcir a 57.660 -32.220
- b

Projective Transformation

Transformation perfarmed? | MO RMS |

Mumber of measured CPs 0 (minimurn of 4)
Rectified Image
Creake Image

¥ Full image
™ Bounded by control points + 10% Close

'

Figure 6

Click in the Label field with the “red plus” and it becomes a “yellow plus”.

Mark the corresponding location of the control point in the image and it
becomes a “green plus”. See Figure 7.



Control Points

% ¥ | WK | Y |3-:

22,900 122,550
B center B 26,800 -19,980

B erer_BE 31.250 79.260

. LEFT_CL -4.090 -30.030
. RIGHT_CL 57,660 -32.220

= Sl

i Projective Transformation

Transformation perfarmed? I MO RMS I

Murnber of measured CPs i (rrinimunn of 4

~Rectified Image —————————————————————
¥ Fullimage Create Image
™ Bounded by control points + 10% Close |
Figure 7

Do this same action for the remaining (minimum of 4) control points.

Note in Figure 7 that the “"Rectified Image” in the lower left of the dialog
box displays two options, “Full Image” and “Bounded by control points”. The
default is “Full Image”. The operator can choose to rectify either the entire
original image (full image), or a portion of the original image (bounded by
control points ...) equal to the area encompassed by the control points, plus a
border area of approximately 10%. In this example, we are going to leave
the tick mark on the default “"Full Image”.

Figure 8 illustrates all 6 Control Points Marked, from the Control Points
Dialog Box:

Figure 8




8. Click the "Create Image” in Figure 9.

Control Points E|
Label | s | i | W | W | A
. CEMTER._BE 26,500 -12.930 -0.404 0,354
. IUPPER._BE 31.250 #3260 -0.549 -0.030
. LEFT_cCL -4.090 -30.030 0.663 -0.129
. RIGHT_ L a7.660 -32.220 1.051 -0.033
. LAST_PT 266,680 -41.2380 -0.051 -0.005 -

Projective Transformation

TransFarmation perfarmed? ¥ES RIMS 0.472
Mumber of measured CPs & frninirnum of <)

Rectified Image q
Iv Full image
| Bounded by contral points + 10%:

Creake Image

Figure 9

The Save As dialog will now be presented. Give the resulting Projective
Transformation Image a new name; (we’ll call it “crash”.) Save it to your
working folder.

The newly created rectified image we named “crash.jpg” is now planar
rectified and an image thumbnail of it is presented above the Control
thumbnail in Figure 10. Note: the rectified image “crash.jpg” is also saved to
your working folder.

Figure 10

21 crash.jpg

Conkral Painks

9. Output File from XYRectify:

The saved JPEG is accompanied by a ‘tfw’ or ‘World file” which defines the XY
reference coordinate system for the rectified image. The TFW (ASCII text
file) is named the same name as your image; in this example case
“crash.twf” located in your working folder.

The image can now be imported into your favorite CAD package.



The TFW File created during the XYRectify Process

After marking the control points in XYRectify, a TFW “world” file is
automatically created and saved in the working folder. There are 6 lines of
numbers that represent the TFW file. The TFW six line numbers look similar
to this:

0.3190419410
0.0000000000
0.0000000000
-0.3190419410
-115.3208527345
204.8477400810

Explanation of the TFW line numbers
- LINE 1: The first line value represents the scale of any pixel in X.

- LINE 2: The second value represents the rotation in X.
- LINE 3: The third value represents the rotation in Y.

- LINE 4: The fourth value represents the scale of any pixel in Y
(negative, because Y is ‘flipped’).

- LINE 5: The fifth value represents the X value of the top-left pixel.
- LINE 6: The sixth value represents the Y value of the top-left pixel.
Using this tip sheet all that is necessary for the reader to understand is that

the first line of the TFW file represents the size of the pixel in the
Measured Units of the 4+ Control Points measured within XYRectify.

Therefore, if one knows the size of the image format, one can simply
calculate the UNIT size of the image format in width (X) or height (Y).

To acquire the XYRectify JPEG image format in pixels, simply right
clicking on the JPEG image ("Summary” tab.) See Figure 11 below:



Figure 11 Properties

General | Summary
Property Walue
Image
[ width 1232 pivels | €
[ Height 1795 pixels | ¢——
[ Horizonkal Resolutiofr T
[ vertical Resolution 1 dpi
[ it Depth 24
D Frame Count 1
Description
L& Title
& subject
L& kevwords
B'Ccumments
Origin
B gaothor
[ (04 l [ Zancel ]

In our example, the pixel size reported in the TFW file is 0.3190419410.
The numbers of pixels in the image width is 1232 (Figure 11). Therefore,
.3190419410 x 1232 (pixels) is 393.06. If the Units of Measurement from the
Control Points was Feet, then the calculation means the XYRectify image is
393.06 feet in the overall width of the image’s format.

NOTE: Pixels are dimensionally square generated as part of the XYRectify
process. For accurate CAD scaling, all that is required at this point, is to

calculate either the width of the pixels relative to the image format'’s
width, or conversely the pixels height relative to the image format height.

Using the Calculation for CAD Scaling

As previously noted, we are using Quick Scene by CAD Zone as the CAD
diagramming program for this tip sheet. The Crash Zone as well as other
CAD diagramming programs offer “image scaling” functionality.

Figure 12
In Quick Scene, use the File Pull down Menu and select “Import Images”.
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Figure 13 illustrates the XYRectify (rectified image.)

i Quick Scene 4.1 - [Untitled ] - [ Evaluating: O Remaining ]
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Figure 13




Quick Scene: Click on the "Bitmap scale” icon (see Figure 14.)
Draw/Edit
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Figure 15 Quick Scene will prompt you to select (i.e., click) on the image,
followed by carefully clicking on the bottom left and right corners of the

ilmage (see figure 16). Note: this is the image width as described earlier.
Bitmapus.l:ale : Select Bitmap Entity _

o | @

Figure 15




Figure 16 ,

In Figure 16, notice how after clicking on the corner of the image (see left
arrow), Quick Scene places a m color “marker” for the first Scale
point. The cursor on the right is illustrated as ‘pre-selecting’ the second
scale distance. Notice on the right, how the crosshair is perfectly indexed to
the corner of the image. Click it to add the second .

Figure 17

X

Bitmap Scale

Digtance Between Paoints: |25?' B.44"

E nter Actual Diztance: I393DE1 j

| Adjust Bitrap Mow I Cloze

In Figure 17, type in the proper image width distance (in our case it is
393.06’), followed by clicking “Adjust Bitmap Now".

The XYRectify planar rectified image is now accurately scaled and ready to be

“traced” and/or any of the planar surface entities can now be measured in
the image within Quick Scene.
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