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EMC/EMI Precautions

This product has been tested and found to comply with the FCC limits for aclass A device. The intended use of this
product isin acommercial, industrial work environment. Operation of this product within a domestic environment
may cause radio interference, in which case the user may be required to take adequate measures.

This product has been tested and found to comply with the European Community Directive for EMC,
89/336/EEC. In order to maintain compliance with the EMC Directive this product must be installed in an EEC
EMC compliant chassis that has a CE marking. Additionally, all cables used to connect the computer and peripher-
als must be shielded, grounded and securely fastened.
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Part 1
Introduction

Welcome to the PC-CamLink User’s Guide

The purpose of this manual is to help you obtain the maximum performance from the PC-CamLink. This guide
explores how to use key hardware features and software tools which make This manua coversthe installation, setup
and use of the PC-CamLink hardware and IFC-SDK (software development kit). This manual is meant to explain
most of what you need to know about PC-CamLink to take advantage of the features designed into it.

After installing your hardware and software, please take the time to read the Software Release Notes and any
“readme” filesfor the latest information available. The Software Release Notes are available in electronic form on
the CD-ROM, and on your system after you have installed the ITEX software.

Introduction and Overview

PC-CamL.ink is a PCI-bus “plug-n-play” board that provides image capture for Camera Link™ digital camera ap-
plications. PC-CamLink offers efficient Camera Link™ cabling for camerainput, and general-purpose 1/0 for con-
trolling or monitoring externa events. PC-CamLink supports the Base M ode configuration of the Camera Link in-
terface. Thismeansthereis one CameraLink connector supporting one camerainput up to 24 bits. The PC-CamLink
supports 8, 10, 12, 14, and 16 bit monochrome and 24-bit RGB color input.

One of the most important features of PC-CamLink isthe ability to reformat multi-tap datainto normal raster scan
imagesin real time.

Installation and Setup

This section describes how to quickly install PC-CamLink board and IFC software, run the diagnostic software, con-
nect a camera and start acquiring images.

NOTE Pleaseinstall the IFC Software before installing the PC-CamLink board.
System Requirements for using PC-CamLink

o PCI-bus computer with Pentium processor or equivalent, and at least 32MB
¢ Windows 95, 98, ME, 2000 or Windows NT 4.0
e An open half length 32-bit PCI-bus expansion slot.

Optional: To support hardware overlays, the VGA video card should have one of the following chipsets: S3 Virge,
Intel 740 or ATl 3D RAGE / RAGE PRO.

Rev 01; July 30, 2001 1
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Software Installation

IMPORTANT Please read BEFORE installing the IFC-SDK:

o Uninstall any previous versions of the IFC-SDK. To do this, run the Windows “ Add/Remove Program Utility”
located in the Control Panel folder on your system. The Control Panel folder can be found by selecting:
Start - Settings - Control Panel from the Windows task bar.

o Installing the IFC-SDK under Windows NT requires Administrative Privileges.

o Make sure that the Microsoft C/C++ or Visual Basic compiler, version 5.0 or later, has already been installed,
beforeinstalling the IFC-SDK, so that IFC extension help will be installed and enabled properly.

1. Before running the Setup program, make sure all other Windows applications have been closed. To install the
ITEX SDK software, place the CD in the appropriate drive to start the installation automatically. If Auto-Start
is not enabled, manually start theinstall program by selecting “Run” from the Windows Start Menu and type:

<CD drive >:\SETUP.EXE
2. Click-on “Install Software”.

3. Select the appropriate Operating System (this should automatically be selected) and software (IFC/Win32)
then click “ Start Install” to begin installation.

4. Atthe“Welcome” screen, click “Next”. Please take amoment to read the Software License Agreement, click
“Yes’ to continue.

5. Enter User Information, then click “Next” to continue to the Destination screen. Choose alocation on the local
system hard drive to install the IFC. Note: This destination is referred to as the “IFCroot” directory. Click
“Next” to continue.

6. Select Installation Type. “Typica” isrecommended and will install al files. Toingtal software on a Run-time
system (loads only the DLLSs, Device Driver, Diagnostics and Camera Configurator), select “Compact”. Click
“Next” to continue.

7. Select the product documentation and examples you wish to install, and click “Next”.
8. Enter aProgram Folder name, and click “Next”.

9. You have the option of ingtalling the Acrobat Reader (for viewing and printing documentation supplied in PDF
format), choose “Yes” or “No”.
For Windows 95 users, DirectX Media Components are installed at this point. Setupisdone. Click “Finish” to
restart your computer. Shut down your computer and install the PCVision hardware.

For Windows 98 users, DirectX Media Components are installed at this point.

10. When “ Setup” has finished copying files, you will need to reboot your computer to complete the installation.
Click “Finish” to restart your computer.

2 Rev 01; July 30, 2001



405-00009-00 PC-CamLink User’s Manual

Environment Changes

The following additions have been made to your system:

o Windows 98 driver location: c¢:\windows\systemlitipci.vxd

e Windows NT driver location: c:\winnt\system32\drivers\mvcentp.sys

e ThelFC configuration file path has been added to your computer environment: |IFCCNF=C:\IFCROOT\config.

Under Windows 98 thisisin your Autoexec.bat file. Under Windows NT, “Right Click” on“My Computer” then
select “Properties - Environment”.

e ThelFC Program Folder now contains al the example programs, | FC utilities, documentation, and rel ease notes.
NOTE IFCROOT refers to the destination directory where IFC was installed for example c:\IFC52.

o Hepfileversions of the PC-CamLink Manuals areinstalled on your hard disk. Help files for other manuals are
available on the CD-ROM in the DOC directory. Entire chapters can be printed from the Content tab.

e Adobe Acrobat versions of the PC-CamLink and other manuals are available on the CD-ROM in the
DOC\PDFDOC directory for printing hard copy.

NOTE If you update or reingtall your C++ compiler, the link to extension help islost. Uninstall and rein-
stall the IFC software to reestablish this link. This is faster than copying and editing the
IFCSW.CNT file.

Rev 01; July 30, 2001 3
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The jumpers on the PC-CamLink board control the power-up values for the outputs, and select the input resistor for
the Opto-coupled inputs. Leaving the outputs undefined during power-up can adversely affect external equipment
connected to the OPTO-22 pardld port, or thethe TTL, Differential and Opto-coupled outputs. You should set these
jumpers for the preferred power-up conditions for any equipment connected to the PC-CamLink, to prevent damag-
ing or hazardous conditions in the attached equipment.

The following table defines the functions of all jumpers. Figure 1 illustrates the jumper positions 1-2 and 2-3. A
sguare pad identifies pin 1. The numbers 1,2,3 are not on the board.

Jumper
JP1

JP2

JP3

JP4

JP5

JP6

JP7

JP8

JP9

Pins Controlled
OPTO_IN(1-0)

DIFF_OUT(1-0)
and CC4

OPTO_IN(1-0)

TTL_OUT(2-0)

OUT(7-0)

OUT(7-0)

TTL_OUT(2-0)

OPTO_OUT(1-0)

DIFF_OUT(1-0)

Position  Function
1-2 Opto Input O Input Resistor 475 ohms (5 Volt operation)
2-3 Opto Input O Input Resistor 2.7 K ohms (24 Volt operation)
1-2 Differential Outputs and CC4 Tri-Stated (disabled) on
power-up
2-3 Differential Outputs and CC4 Enabled on power-up
1-2 Opto Input 1 Input Resistor 475 ohms (5 Volt operation)
2-3 Opto Input 1 Input Resistor 2.7 K ohms (24 Volt operation)
1-2 TTL Outputs high (1) on power-up
2-3 TTL Outputs low (0) on power-up
1-2 Parallel Outputs high (1) on power-up
2-3 Parallel Outputs low (0) on power-up
1-2 Parallel Outputs tri-stated (disabled) on power-up
2-3 Parallel Output enabled on power-up
1-2 TTL Outputs tri-stated (disabled) on power-up
2-3 TTL Outputs enabled on power-up
12 Opto Outputs high (1) on power-up
2-3 Opto outputs low (0) on power-up
12 Differential Outputs high (1) on power-up
2-3 Differential Outputs low (0) on power-up

123 123 123
O (O
Square Pad for Pin 1 position 1-2 position 2-3

Figure 1. Jumper Positions
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Factory Default Configuration

The following table gives the factory default settings for al jumpers on the PC-CamLink board. All outputs are dis-
abled or tri-stated (except the Opto outputs) during power-up, and set to default to 1 if enabled. The 5 Volt 475 ohm
resistor is chosen for the two Opto-coupled inputs. Figure 2 shows this configuration.

Jumper  Position  Pins Controlled Function
JP1 1-2 OPTO_IN(1-0) Opto Input O Input Resistor 475 ohms (5 Volt operation)
JP2 1-2 DIFF_OUT(1-0) Differential Outputs and CC4 Tri-Stated (disabled) on power-up
JP3 1-2 OPTO _IN(1-0) Opto Input 1 Input Resistor 475 ohms (5 Volt operation)
JPA 1-2 TTL_OUT(2-0) TTL Outputs high (1) on power-up
JP5 1-2 OUT(7-0) Parallel Outputs high (1) on power-up
JP6 1-2 OUT(7-0) Parallel Outputs tri-stated (disabled) on power-up
Jp7 1-2 TTL_OUT(2-0) TTL Outputs tri-stated (disabled) on power-up
JP8 1-2 OPTO_OUT(1-0) Opto Outputs high (1) on power-up
JPO 1-2 DIFF_OUT(1-0) Differential Outputs high (1) on power-up

Use the worksheet at the end of this manual to document your changes to the factory configuration.

123 123
IPL | o 0] IP2

123 123

Figure 2. PC-CamLink Factory Default Configuration
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Hardware Installation

Before installing the board, turn off power to the computer and peripherals. Discharge static electricity from your
body by touching a metal part of the computer chassis (or use a static protection strap if available).

NOTE Hardware Jumpers on the PC-CamLink board set the default power-up state of the Parallel 1/0
port (P1O) and the TTL, Differential, Opto-coupled outputs on the I/O connector. Refer to Appen-
dix B for information on these jumpers.

1. Remove the computer chassis cover. Locate an empty PCI-bus slot. PC-CamLink may fit into a partialy ob-
structed slot. Remove the back-panel slot cover if necessary, for the PC-CamLink connector to pass through.

E
E

PC-CamLink Board

! I
===
Figure 3. Install the PC-CamLink in the Computer

2. Slide the PC-CamLink board carefully into the slot so the end-bracket slips properly into the filler bracket.
Make sure the board is pressed firmly into the connector, and does not touch other boards, components, or heat
sinks. Install the end-bracket screw.

3. If you have the 1/O ribbon cable, attach it to the 50-pin header connector. Replace the chassis cover, but do not
plug the computer in yet.

4, Connect al other peripherals to your computer. Do not connect the camera and cable yet. The Diagnostic
software must be run with no camera connected. Power up and boot your system.

o Under Windows 95 or 98, the Plug-and-Play Configuration Manager detects new hardware after installing PC-
CamLink. If you're prompted for a* manufacturer’s CD or diskette” to install the IFC device driver, place the
CD-ROM in the appropriate drive and follow the instructions for installing the driver. The driver islocated in the
root directory on the CD. Windows NT should boot normally.

6 Rev 01; July 30, 2001
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Run the Diagnostic Utility

After installing the PC-CamLink for thefirst time, it isagood ideato run the diagnostic utility to verify theinstalla-

tion is correct and the board is functioning properly. The diagnostic tests must be run without a camera connected.

This program will auto-detect the number of boards you have plugged into the system, initializes them, then per-

forms some functional and memory tests.

NOTE Before running thistool, shut down any other Windows applications that are running to prevent
“timeouts’ from occurring causing the program to generate fal se failures.

NOTE Run the diagnostic test with no camera connected. The program tests the internal timebase, and a
camera that supplies timing could cause false failures.
Do not connect or disconnect cameras with the computer power on. Because the connectors pro-
vide 12 \olt power, the camera or PCVision could be damaged by “ hot plugging” .

1. Double-click on the Diagnosticsicon in the IFC program group.

2. The program will report back any hardware failuresit finds for each module, ina“.DLG” filecaled “DIAG”
(located in the C:\IFCroot\BIN directory).

If thereisafailure, contact your local field applications engineer to verify the problem, or contact Customer Support
at Coreco Imaging, Inc.

Connect a Camera and Acquire an Image

o Use the Camera Configurator® Utility to match your camera or video source to the correct video port, initialize
the system, and acquire a picture.

You are now ready to connect and configure a camera, and acquire an image. First, shut down the compuiter.

NOTE Do not connect or disconnect cameras with the computer power on. The camera or PC-CamLink
could be damaged by “ hot plugging” .

1. Turn power off if you have not already done so.

2. Connect your video source to the 26-pin Camera Link connector. Refer to Figure 4.

NOTE The Camera Link cable does not supply power to the camera. Use an external supply, or the sepa-
rate PC-CamLink Power Cable 509-00078-00 shown in Appendix A of this manual.

[ Camera

PC-CamLink
Board

Figure 4. Camera Connection

Rev 01; July 30, 2001 7
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Configurator Utility
The Camera Configurator® utility makesit very easy to set up and configure each video input to a camera. Addition-
al information about cameras occurs later in this manual. At thistimewe are just interested in initiaizing and acquir-
ing an image.
A cameramust be connected before power isturned on. Connecting or disconnecting cameras with power on can
damage the camera or PC-CamL.ink.
1. Double-click on the Configurator icon in the IFC program group. The utility will take a moment to detect and
initialize the hardware.
When you start the Camera Configurator (or select File]New), the program detects al the Coreco Imaging, Inc. hard-
ware (supported by IFC) ingtalled, and creates a Hardware Data Structure that defines al the installed frame grabber
boards.
2. Now you should see the screen shown in Figure 5, the Configurator window, with an Image Display window
inside.
The Camera Configurator opens with three main viewing panes:
e Config View - hardware configuration file and hardware parameters.
e Camera View - camera definitions and image display. (does not open if no hardware isinstalled)

e Log View - command log and error log.
Any changes you make to these panes (change size, close, hide) will be applied the next time the program opens.
3. First click on aport in the Config File (Config View), then click on acameranamein the List of Cameras (Cam-
eraView). The display ("display context”) changesimmediately.
a. If “Single Click Assignment” is checked, that camera gets assigned to the port highlighted in the Config
View.
b. If “Single Click Assignment” is not checked, double-click on the camera name, right-click on the camera
name, or drag and drop the camera name onto the highlighted port.
Refer to the IFC Camera Configurator User’s Manual for additional information on using the Camera Configurator.
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v+ Camera Configurator - PCVtest [_[F]x]
File View Toolks ‘Window Help
DS H|FE| 7N aE | e
Config View s | e vien =T
= EE--?C;EV?:D:E J ILwa 29.96883 F/5 Width = G40 _ Height = 480 Depth = 8 Bits/Pixel
B9 Board 0 I X EA]| [EED & % | T en | % 3L
Z sz? = DEFﬁgg:g:ﬁgg& |8 Povison =] Boad0 7| & Part0 =] single Ciick Assignment
List of Cameras =

I Camera Timing Parameters

Parameter Name

LEN Polarity

IFC_FALLING_EDGE

FEN Polarity

IFC_FALLING_EDGE

Horizantal Syne Frequency [K

16.734000

Harizantal Sync Pulze Width |

4.700000

H Sypnc Polarity

IFC_ACTIVE_LOW

Wertical Sync Frequency [Hz)

£0.000000

Wertical Sync Pulse ‘Width (lin

3.000000

W Sync Polarity

IFC_ACTIVE_LOW

Pixel Clock Frequency (MHz]

12.280000

Pixel Clock Polarity

IFC_RISING_EDGE

Timing J, General

Analegh, Triggtt

List View I l'E“TreeV\ew I

2 O M10-6404480 Htal NI
2 Cy-M10-E40:480-N1-PLL
M DEF_CCH126512P
W DEF_CCH1 245125
M DEF_CCT20:574F
EH DEF_CCP20:5745
M DEF_CCPEGET4P
R DEF_CCPRSHGT4X
M DEF_CCI20:574F
S DEF_CCI20:5744
W DEF_RS51 2:480P
EHDEF_RS512:480%
M DEF_RS640x480P
EHDEF_RSE40:480%
M DEF_RS720:480P
EHDEF_RS720:480%
W DEF_R3752:480P
R DEF_RS752:480%

14:07:54

4

For Help, press F1
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Save Files

You can save three different file types using the Camera Configurator. All files are saved as text (*.txt).

You can save the frame grabber and camera port assignments to a Configuration File. Configuration files do not
contain the camera parameters or your changes to the parameter values.

You can save your parameter changes to a new or existing Camera Definition file in the camera database. This
updates only the one definition file. All configuration files that point to that definition file in the camera data-
base will use the updated information.

You can save your parameter changes to a Portable Configuration File. This updates only the one Configuration
File, and not the camera database. Only the current Portable Configuration File receives the updated informa-
tion.

e A Camera Definition File defines one camera’s parameter values, without the frame grabber or port assign-
ment. Thisfileis used in the camera database. All configuration filesthat call out this camera definition name
use the updated information. Your files are saved to the Config\User directory. You cannot overwrite the origi-
nal cameradefinitions. All User and original definitions are displayed in the List of Cameras.

e A Configuration File defines the installed frame grabbers, and the camera port assignments. The configura-
tion file calls out the camera file names used in the camera database. The configuration file does not contain the
camera parameter values.

o A Portable Configuration File defines the frame grabbers, port assignments, and camera parameter values.
The portable configuration file does not call out camera definitionsin the camera database.

File Names

All IFC examples try to load a default configuration file. The name of the default file changes with the frame
grabber board used. The PC-CamLink examples on the CDROM look for the file name Inktest.txt.

10 Rev 01; July 30, 2001
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Part 2
Hardware

e The PC-CamLink isan image capture board that uses the Camera Link™ interface to acquire images from digital
output or “digitizing” cameras up to 24-bits.

e The PC-CamLink provides fully programmable timing and a variety of trigger and I/O, options that are ideal for
many machine vision applications.

e The PCl-bus interface incorporates a hardware “ scatter gather” table for highly efficient, fully automated and
simultaneous image transfers from the image memory.

e PC-CamLink uses the high data transfer rates of the PCI-bus to eliminate the need for on-board processing or
display circuitry. Image display and processing is handled by the host computer resources. The linear format
image memory allows acquisition of avariety of image sizes. The image memory behaves as atemporary buffer
between the camerainterface and the host PCI-bus system.

e The PC-CamLink is capable of bus mastering image data directly to a destination memory within the PCI-bus
system, such as system memory or VGA memory. Transfer ratesin excess of 100M B/s can be sustained, depend-
ing upon the host capahilities. Images can be transferred to host memory in afraction of the time that they were
acquired. By minimizing the PCI-bus transfer time and CPU overhead, more bandwidth is available for process-
ing or other system resources.

Rev 01; July 30, 2001 11
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FEATURES

Sensor Interface

e CameralLink, Base Mode, up to 24-bit differential digital datainput: from 20 MHz up to 62.5 MHz
e 8,10, 12, 14, 16, or 24-bit single tap

e 8,10, or 12-bit dual tap

o 24-bit RGB color (8-bits per color)

Image Buffering and Output

e 16MB high bandwidth SDRAM supports acquisition rates up to 187.5MB/s (24 bits at 62.5 MHz)

o Provides ROI (cropped) transfer to reduce data volume

¢ On-the-fly re-sequencing of image data for multi-tap cameras

o Datare-formatting to allow non-destructive overlays. Transfer 8-bit or 16-bit imagesin normal or 4:2:2 format
o Color plane separation during transfer possible

o Output clipping of Windows colors during bus master to eliminate conflicts with Windows reserved colors
External Trigger, Timing

o Advanced multi-trigger acquisition modes

e 2 External Trigger available as differential, TTL or Opto-coupled

o Softwaretriggering for host controlled acquisition

o Trigger divider allows precise control over incoming trigger events

Programmable Window Generator

e Enablesacquisition of subset of cameraimage

e Maximum window size: 64K by 64K, resolution of 1 pixel and 1 line

e Programmable independent X/Y decimation (by 2, 4, 8, 16) performed during image acquisition

e Color images stored using packed 24‘—bit or 16-hit formats, or sequential color planes

Camera Timing and Control

e CameralLink timinginputs: Clock (PCLK), Linevalid (LVAL), Framevalid (FVAL), Datavalid (DVAL), and
spare input (SPR)

e External Sync and Programmable Integration outputs

e 4 Static control lines for selecting camera modes

o Serial port interface between camera and PC-CamLink frame grabber

Look Up Tables (LUTS)

e Dua 16 by 16 LUTsfor pixel transformations

o Arithmetic operations on or between 8-bit image data
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Multi-Tap Data Resequencing

o Reformats multi—tap data on the fly

o Providesline/row resequencing to output most any multi-tap image in normal raster scan format
o Color plane separation during transfer possible

On Board Digital I/0

e OPTO-22 compatible 8-bitsin 8-bits out

e 3 TTL outputs, 2 Differential outputs, and 2 Opto-coupled outputs

PCI Interface

o Pixel replication on transfer to host by factors of 2 or 4 independently in horizontal and vertical axis; performed
during bus master transfer to host

e Scatter gather hardware feature for highly efficient image transfers

o Busmaster of image data at 120MB/s sustained

o Target access (random R/W) to onboard registers, image memory and LUTs
e Multiple interrupt sources

Display - Windows

e Display Resolution as per installed video display card

o Non-destructive hardware enabled overlay support

o DirectX compatible display card (SVGA) required for real time display
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Camera Link Connector
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Figure 6. PC-CamLink Block Diagram
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Acquisition Mode

The PC-CamLink davesto the camerathrough the Camera Link connector. Thetiming signals are input directly to
the PC-CamL.ink timing control. The PC-CamLink supports area scan and line scan cameras and sensors.

Clock  TITTITITTITTITTITTITIITTITITT

Datavalid T
Linevaid  JUUUUUUUUUULULUUL
Framevdid — ——~fF— —

R B B
Slave

e | PC with

PC-CamLink

Figure 7. Acquisition and Timing

Normal Acquisition

The beginning and ending of anormal acquisition isbased on the framing signal FVAL (frame enable) in areascan
mode, or LVAL (line enable) in line scan mode.

Line Scan: In Line Scan mode, The Vertical Active (VACT) defines the number of lines acquired to create aframe
image. Line scan is anon-interlaced acquire. The starting field select bits must be programmed to next field. A snap
command performs asingle frame acquire beginning at the next LVAL (rising edge) and acquires VACT number of
lines. A grab command performs continuous acquisition beginning on the next LVAL (rising edge). A freeze com-
mand will stop a grab when the VACT count is reached. The End of Acquiretrigger event stops agrab at the next
faling edge of LVAL (line enable not valid).

Area Scan: A snap command performs a single frame acquire beginning at the next FVAL (rising edge). A grab com-
mand performs continuous acquisition beginning on the next FVAL (rising edge). A freeze command will stop a
grab at the next falling edge of FVAL. When acquiring non-interlaced images, a snap lasts for one field (1 frame).
When acquiring interlaced images, asnap lasts for onefield (one haf frame). You must program the frame counter to
snap twice the number frames you need. Field select bits determine which field of the interlaced image will be ac-
quired first. Setting these hits for next field allows either field, even or odd, to be acquired next.

External Trigger Acquisition

External Trigger synchronizes image acquisition to external events. When acquiring an image in external trigger
mode, the acquisition will not start until PC-CamLink receives atrigger signal. When performing external trigger
acquisition, be sure the starting field bits of the Acquire Control register are set for next field.

Line Scan: After the trigger occurs, the next rising edge of LVAL beginsthe acquisition. The Vertical Active (VACT)
defines the number of lines acquired, to create aframe. Alternatively, astop trigger can be used to end acquisition at
the end of the current line.
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Area Scan: After the trigger occurs, the next rising edge of FVAL begins the acquisition. The trigger input must be
re-armed to acquire subsequent frames.

Multiple Frame Acquire Mode

PC-CamLink has the ability to acquire and store up to eight images sequentially into image memory with the execu-
tion of one snap command. Program the Frame Count (FCNT or number of frames argument) to the desired number
of frames per snap command (1 to 8). For non-interlaced acquisitions the multiple acquire mode count (FCNT) al-
ways refers to full frames. For interlaced acquisitions the multiple acquire mode count (FCNT) always refers to
fields, and must be programmed to twice the number of full frames.

In Normal mode, the frame count is set for 1 to 8 images. When a Snap command is executed, the programmed
number of imagesis acquired sequentialy into amemory frame. In Grab mode, the set number of imagesis acquired
and then the acquire address wraps back to the start of acquire address, overwriting the previousimages. Theimage
size must be taken into account when acquiring multiple images. The image memory is 16MB and wraps around if
the number of incoming pixelsfills the buffer. With frame count programmed to “ acquire infinite frames’ the grab
continues to acquire images, without resetting the address. “ Acquire infinite frames’ is only used with the grab com-
mand.

In Triggered mode (snap or grab) each incoming external trigger will acquire one frame and advance the frame
count. Intriggered snap mode, each incoming trigger acquires aframe until the frame count is reached and the snap
operation ends. In triggered grab mode, each incoming trigger acquires aframe until the frame count is reached, the
frame count resets and the acquire address resets to its original start point (usually address zero), and the triggered
acquire continues until afreeze command isissued. “Acquire infinite frames’ can be used in triggered grab mode.

Using multiple frames with bus mastering allows simultaneous acquire and transfer without loss of video. A typical
application would define two image “frames’ in memory and program agrab acquire. At the end of thefirstimage, a
request is sent to the bus master controller which processes the request and transfers thefirst image. Simultaneoudly,
the second image is acquired into the next “frame” location in memory. No data gets over-written as long as the
transfer of thefirst imageis completed prior to the end of the second image acquire. The operation repeats when the
second image finishes; a second request for transfer is sent to the bus master controller. The second imageistrans-
ferred and the acquire operation switches back to the first frame. This setsup a*“ping-pong” acquire buffer.

Programmable Window Generator

A programmable window generator (PWG) defines how much of the incoming image dataiin each line gets acquired
to the image buffer, and how many lines of theimage, up to 64K pixels per line or 64K lines. Data occurring outside
the programmed “window” is not stored. This capability does not affect the speed of the acquisition, and is similar to
the concept of a sub-region or ROI (region of interest). The PWG can be programmed through the Camera Configu-
rator, or through |FC Camera and Capture Module functions. Image memory bandwidth is maximized when ac-
quired datais a multiple of 256 bytes.
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External Triggering

External Trigger synchronizesimage acquisition to external events. The trigger inputs can be used to start acquire
and stop image acquisition. When acquiring an image in external trigger mode, the acquisition will not start until
PC-CamLink receives atrigger signal. When performing external trigger acquisition, be sure the starting field bits
of the Acquire Control register are set for next field.

Line Scan: After the trigger occurs, the next rising edge of LVAL begins the acquisition. The vertical active register
defines the number of lines acquired, to create aframe. Alternatively, a stop trigger can be used to end acquisition at
the end of the current line.

Area Scan: After the trigger occurs, the next rising edge of FVAL begins the acquisition. A stop trigger can be used to
end acquisition at the end of the current frame.

PC-CamLink Triggers

PC-CamLink has two active trigger inputs: TriggerO and Trigger1. Both trigger inputs support three different signal
types: differential, TTL, and Opto-isolated. Refer to the Block Diagram in Figure 6. These are the Hardware Trigger
Sources, input on the 26-pin D-Sub /O Connector. The differential input is EIA-644 LVDS. Both trigger circuits
have a glitch detector circuit, enabled or disabled by software. There are also two software triggers. Thetriggers can
be programmed to start acquisition, end acquisition, start the external sync counter, or cause an interrupt. The trigger
input must be re-armed to acquire subsequent frames.

All trigger features can be enabled and configured in the Camera Configurator® utility, and saved in acamerafile.
You can also use the IFC Parameter Access functionsin the Class ClCamerato change the trigger parameters. All
PC-CamLink parameters are listed in an Appendix of the IFC-SDK Software Manual. Pay special attention to Hard-
ware Specific Classes and functions for the PC-CamLink in Class CPCL ink, Class Cl Capmod, and the Acquisition
Functionsin Class Cl Camer a.

NOTE Each frame grabber supported by IFC has different trigger set up requirements and functions.
Pay special attention to notes in the Acquisition functions that refer to specific hardware sup-
ported by specific functions. For example, many acquisition functionswith “ trig” in the function
name apply only to the PCVision frame grabber.

Trigger Input Divider

The PC-CamLink incorporates atrigger divider. The divider may be used to rate-divide one of the trigger inputs
(TriggerO or Triggerl) under software control. The divider provides a programmable division of 1 to 256. Thisfea
ture is particularly useful in line scan applications where the camera scan rates can be set up to operate at rates less
than the trigger rate being received from a shaft encoder.
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Using the Opto-Coupled 1/O

The PC-CamLink has two opto-coupled inputs and two opto-coupled outputs. The plus and minusinput connections
are the two sides of the LED (light emitting diode). The “OC” output connection is the “open collector” of an NPN
transistor. The VCC and GND (power and ground) of this device are a so provided on the PC-CamLink connector.

Figure 8 shows a single opto-isolator.
+
Anode vee
Cathode - Gnd

Figure 8. Basic Opto-Isolator

The PC-CamLink uses the HP HPCL -0531 dual-channel isolator. Do not exceed the absolute maximum ratings of
the diode and transistor in these devices.

Opto-Coupled Input Circuits

Jumper 1
JP1or JP3 | 27K ohm Vee or PWR |
° m—‘ =562 I1 ohm
OPTO_INx+ 7 A
| 475 ohm vy Tngger
or
° Value
OPTO_| INx—

Figure 9. Opto-Coupled Input Circuit

Figure 9 showstheinternd circuitry in the Opto-Coupled inputs. When the diode is excited, the transmitter is on, and
the internal Valueis zero. When the diode is off, the transmitter is off, and the internal Value is one. Jumper JP1
selects the input resistor for the OPTO_INO+ input. Jumper JP3 selects the input resistor for the OPTO_IN1+ input.

Figure 10 shows afew practical examplesfor using the input. The positive input is connected to your logic or signal,
and the negative input is connected to ground through a 330 ohm 1/8 Watt resistor. The resistor limits current through
the diode. Theinterna 2.7K ohm or 475 ohm resistor limits the voltage across the diode. When the external input
goes high the diode turns on, and the internal value becomes zero. When the external input goeslow the diode turns
off, and the internal Value becomes one. The diode and resistors are the L oad connected to a sensor outpuit.

The component values depend upon the voltage and current of your circuits. Do not exceed the Absolute Maxi-
mum Ratings of the input diode.
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¢ Diode Absolute Maximum Ratings

If (avg) 25mA Maximum Average Forward Current
If (pk) 50mA Maximum Peak Forward Current

Vr 5V Maximum Reverse Voltage

Pi 45 mw Maximum Input Power Dissipation

T T Connecting to a
Current Sinking Output
P | +V dc
7 ]
| . ‘
L _ v7 ‘
TTL Output = 7 7] J; L — —
+ Output
F; |
= i L |
— Connecting to a
@ Vcec or PWR Output Current Sourcing Output
7
o/ Relay pullup +
7 |
" | v?
v7 W |
L | L
- - dc
L ] common

Figure 10. Input to Opto-Coupled Circuit
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Opto-Coupled Output Circuits

r - /1
Jumper
2 Koh
‘ Value ® VCC
or

| signal 100 ohm 74 '—o OPTO_OC
| ® GND
Lo _ _

Figure 11. Opto-Coupled Output Circuit
Figure 11 showsthe internal circuitry in the Opto-Coupled outputs. When the internal logic is one, the diode and
transmitter are on, and the “open collector” connection OPTO_OC ispulled low. When theinternal logic is zero, the
diode and transmitter are off, and the OPTO_OC is tri-stated or pulled high (depending on the external circuit).
Jumper JP8 selects the state of the two opto-coupled outputs only during power up, until the FPGA files are loaded
and the PC-CamLink initialized.

Figure 12 shows two circuits for using the output. When the internal logic goes high, the diode and transistor are
turned on and the OPTO_OC output goes low. The output transistor can be connected as a Current Sinking Output.

The component values depend upon the voltage and current of your circuits. Do not exceed the Absolute Maxi-
mum Ratings of the output transistor.

e Transistor Absolute Maximum Ratings

Vce 30V Maximum Supply Voltage

Vo 20V Maximum Output Voltage

lo(avg) 5mA Maximum Average Output Current
lo(pk) 50mA Maximum Peak Output Current

Po 35 mwW Maximum Output Power Dissipation
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connected as a
Current Sinking Output
Vcc or PWR +Vdc +VDC
7 |—° L
| L] m .
T | LT |
to an PLC input
| IC Logic Input 1A —e S 1A LNl
or | 7 \_l |/ \—' |
Relay Actuator |

L — L a\\%el ® 0V dc

L oV dc L _ _ 1 common

— common

Figure 12. Output from Opto-Coupled Circuit

Sync Output

The external synchronization output (EXSY NC) can control cameratiming and integration. EXSYNC isa program-
mable one-shot pulse output with a period ranging from 210 nsto 18.75 s and a pulse width ranging from 140 nsto
572 us. The polarity of the EXSYNC output is programmable. The EXSY NC counters can be disabled and can be
reset using control register writes.

The EXSYNC signal can be selected as output on any of the four camera contral lines on the Camera Link connector.
The EXSYNC signal can be selected as output on any of the general outputs on the separate 1/0O connector: three
TTL, two Opto-coupled, and two Differential outputs.

EXSYNC can operate in four different modes: free run mode, externa trigger mode, vertical blanking mode, or soft-
ware trigger mode. In Free-Run mode, EXSY NC continuously outputs a pulse at a programmableinterval (retrig-
gering itself). In Externd Trigger mode, the EXSYNC pulseis asserted for the programmed period when an externa
trigger occurs. In Vertical Blanking mode the EXSY NC pulseis asserted for the programmed period when the PC-
CamLink entersthe “vertical blank” period between valid frames. In software trigger mode the EXSYNC pulseis
asserted whenever the host writes to the Software Trigger register. Software can disable the EXSYNC counter and
use software trigger mode to hold the EXSY NC output low or high, generating integration or exposure times longer
than supported by the EXSY NC counter. EXSY NC can be a frame reset pul se output.

EXSY NC can be used as the “exposure” input to the camera, when using the Xillix, Kodak MEGAPLUS, and Ham-
mamatsu cameras. EXSYNC is used as the line transfer input to the Dalsa cameras.

All Externa Sync features can be enabled and configured in the Camera Configurator® utility, and saved in acamera
file. You can aso use the IFC Parameter Access functions in the Class ClCamerato change the EXSY NC parame-
ters. All PC-CamLink parameters are listed in an Appendix of the IFC-SDK Software Manual.

Programmable Integration

The PRI output signal is used with Dalsa cameras to control integration time. PRI is aprogrammable one-shot pulse
output with a period ranging from 210 nsto 18.75 s and a pulse width ranging from 140 nsto 572 us. The polarity of
the PRI output is programmable. The PRI counters can be disabled and can be reset using control register writes.
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The PRI signal can be selected as output on any of the four camera control lines on the Camera Link connector. The
PRI signal can be selected as output on any of the general outputs on the separate |/O connector: three TTL, two
Opto-coupled, and two Differential outputs.

PRI operate in the same mode selected for the EXSYNC signd: free run mode, externa trigger mode, vertical blank-
ing mode, or software trigger mode.

PRI and EXSY NC are used together to synchronize the Dalsa line scan cameras to avarying external trigger pulse,
while maintaining constant exposure time.

All Programmable Integration features can be enabled and configured in the Camera Configurator® utility, and
saved in acamerafile. You can also use the IFC Parameter Access functionsin the Class ClCamerato change the PRI
parameters. All PC-CamLink parameters are listed in an Appendix of the IFC-SDK Software Manual.

Input LUTs

By default the IFC library programs the input LUTs to normalize 10-bit, 12-bit and 14-bit datato 16 bits. For exam-
ple, the most significant bit (msb) of 12-bit datais|eft-shifted four places, creating a 16-bit data value with zerosin
the four least significant bits (Ishs). This feature can be defeated by programming the pixel size to 16 bits. Do not
defeat thisfeature in 10-bit and 12-bit modes. The input multiplexers are hard-wired for the correct dataformat in
these modes.

The input LUTSs are two 16-hit-in 16-bit-out Look-Up Tables. Addressing and page size changes with the pro-
grammed pixel size. LUT data paths are programmable in single tap modes, but are hard-wired for dual tap modesto
format the three Camera Link data portsinto two 10-bit or 12-hit fields.

0x0 PortC PortB PortA 0xO PortC PortB PortA
LXBYTEH | MUX MUX . LXBYTEL
LUT High Byte LUT Low Byte
LUTXPG(7-0) 8
LUT Page@
ixel Size iL
15-8 7-0

LUTX
16

Figure 13. Input LUT
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Figure 13 illustrates one of the two Input LUTs. Thetwo LUTs areidentical. The low byte and high byte multiplexers
select from four 8-hit inputs. The pixd size (LOPSIZE and L 1PSIZE) controls how much of the high byte is passed to
the LUT, and how much is masked off and substituted with page select bits (LUTOPG and LUT1PG).

LUT Input Modes

LUTOPG(7-0) Port A
LOPSIZE [ mux MUX |« LOBYTEL
& 4 8
15-8 7-0
LUTO
16

Figure 14. Single Tap 8-bit Input

For 8-bit single tap input, the program the Pixel Sizeto 8-bits (LOPSIZE), select the 8-bit data (usualy Port A) asthe
Low Byte (LOBY TEL), and use the eight Page Select bits to change the LUT Page (LUTOPG(7-0)) for up to 256
different LUT transforms. Only the lower 8 bits of the output are stored in the image memory.
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d

LUT1PG(7-0) PortB

4

16

LUTOPG(7-0) Port A

4

4

16

LlPSIZ_E’ MUX MUX <LlBYTEL LOPSIZ_E> MUX MUX <_LOBYTEL
& & & L 8
15-8 7-0 15-8 7-0
LUT1 LUTO

Figure 15. 8-bit two tap input

For 8-bit two tap input, program both LUTs for Pixel Size of 8-bits (LOPSIZE and L1PSIZE), select Port A asthe
Low Bytefor LUTO (LOBYTEL) and Port B asthe Low Bytefor LUT21 (L1BY TEL), and use the eight Page Select
bitsto change the LUT Page (LUTOPG and LUT1PG) for independent selection of up to 256 different LUT trans-
forms for each tap. Only the lower 8 bits of each LUT output are stored in the image memory.

LUT1PG(7-0) PortC Port B Port A
LlPSIZ_E. MUX MUX <_LlBYTEL LOBYTEI—l MUX MUX <_LOBYTEL
|} ! ! $ o8
15-8 7-0 15-8 7-0
LUT1 LUTO
16 16

Figure 16. 8-bit three tap input

For 8-hit three tap input, program LUTO for Pixel Size of 16-bits (LOPSIZE) and LUT1 for Pixel Size of 8-hits
(L1PSIZE). Select Port A asthe Low Bytefor LUTO (LOBY TEL), Port B asthe High Bytefor LUTO (LOBY TEH)
and Port C asthe Low Bytefor LUT1 (L1BYTEL). LUTO has no available page select bits. LUT1 has eight Page
Select bits (LUT1PG). The 16-bit output of LUTO and the lower 8 bits of LUT1 output are stored in the image
memory.
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Port B Port A
LOBYTEL MUX MUX ‘_LOBYTEL
LUTOPG 8
LOPSIZ_E> MUX
15-8 7-0
LUTO
16

Figure 17. Single Tap 10 to 16 bit input
For 10-bit, 12-bit, 14-bit or 16-bit single tap input, program the correct Pixel Size (LOPSIZE), select Port A for the
Low Byte (LOBY TEL) and port B for the High Byte (LOBY TEH), and use the available Page Select bits (LUTOPG)
to change the LUT Page. The IFC library programsthe LUTsto |eft-shift 10-bit, 12-bit and 14-bit data to 16-bit data

with zeros in the least significant bits.
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Port B Port B Port B Port A
LIBYTEH % MUX | L1BYTEL LOBYTEH - ™ MUX |« LOBYTEL
LUT1PG 8 LUTOPG 8
LIPSIZE | muX LOPSIZE |  MuUX
15-8 7-0 15-8 7-0
LUT1 LUTO
16 16

26

Figure 18. Two Tap 10 or 12 bit input

For 10-bit or 12-bit two tap input, program the correct Pixel Size (LOPSIZE and L 1PSIZE), select Port A for the
LUTO Low Byte (LOBYTEL) and Port B for the LUTO High Byte (LOBY TEH), select Port C for the LUT1 Low Byte
(L1BYTEL) and Port B for the LUT1 High Byte (L1BY TEH). The input MUXs have been hard-wired to deliver the
correct bits from Port B to each LUT to make up the 10-bit or 12-bit pixels. Use the available Page Select bits
(LUTOPG and LUT1PG) to change the LUT Page. The IFC library programs the LUTs to left-shift 10-bit and 12-bit
to 16 bits, data with zeros in the least significant bits.
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LUT1PG(7-0) PortC Port B Port A
L1PSIZ_E. MUX MUX <_LlBYTEL LOBYTE—I) MUX MUX <_LOBYTEL
! |} ! & 8
15-8 7-0 15-8 7-0
LUT1 LUTO
16 16

Figure 19. 24-bit RGB input

For 24-hit RGB data, program LUTO Pixel Size for 16-hits (LOPSIZE) and LUT1 Pixel Size for 8-bits (L 1PSIZE).
Select Port A asthe Low Byte for LUTO (LOBYTEL), Port B asthe High Byte for LUTO (LOBY TEH) and Port C as
the Low Byte for LUT1 (LIBYTEL). LUTO has no available page select bits. LUT1 has eight Page Select bits
(LUT1PG). The 16-bit output of LUTO and the lower 8 bits of LUT1 output are stored in the image memory.

0x0 Port C Port B Port A
LlBYTEi_ MUX MUX <_LlBYTEL LOBYT&L MUX MUX <_LOBYTEL
1 J 1| I
15-8 7-0 15-8 7-0
LUT1 LUTO
16 16

Figure 20. 32-bit RGBa

For 32-bit RGBa data from a 24-bit RGB input, program LUTO and LUT1 Page Size for 16-bit input (LOPSIZE and
L1PSIZE). Select Port A asthe Low Bytefor LUTO (LOBY TEL) and Port B as the High Byte for LUTO (LOBY -
TEH). Select Port C asthe Low Bytefor LUT1 (L1BY TEL) and zero asthe High Bytefor LUT1 (L1BY TEH). The
16-bit output of LUTO and LUT1 are stored in the image memory.
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Port C Port B Port A 0x0
LlBYTEL MUX MUX <_LlBYTEL LOBYTE_H> MUX MUX <_LOBYTEL
J 1| 1| 8
15-8 7-0 15-8 7-0
LUT1 LUTO
16 16

Figure 21. 32-bit aRGB

For 32-bit aRGB data from a 24-bit input, program LUTO and LUT1 Pixel Size for 16-bit input (LOPSIZE and
L1PSIZE). Select zero asthe Low Bytefor LUTO (LOBY TEL) and Port A asthe High Bytefor LUTO (LOBY TEH).
Select Port B asthe Low Bytefor LUT1 (L1BYTEL) and Port C asthe High Bytefor LUT1 (L1BY TEH). The 16-bit
output of LUTO and LUT1 are stored in the image memory.

Port C Port B Port A
@ L1BYTEL @ LOBYTEH LOBYTEL
v Y v
L1PSIZE | MUX | L1PSIZE

565 RGB 4| { | sesraB

15-0 15-0

LUTL LUTO

16 16

Figure 22. 16-bit 565 RGB

For 16-bit 565 RGB data from a 24-bit input, program LUTO and LUT1 Pixel Size for 16-bit 565 RGB mode
(LOPSIZE and L1PSIZE). Select Port A asthe Low Bytefor LUTO (LOBY TEL), Port B asthe High Bytefor LUTO
(LOBYTEH), and Port C asthe Low Bytefor LUT1 (L1BY TEL). The input multiplexers are hard-wired to present
the same 565 RGB datato both LUTs.
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Parallel 1/0

The 16-hit digital 1/0 port has8 TTL inputs and 8 TTL/CMOS outputs. The pin-out of the 26-pin connector isfound
in Appendix A. The directions (input/output) cannot be changed.

The /O port includes support for the following:

o Interrupt generating input

e |nput latching

o Read status of latched data or current states at input pins
¢ Qutput strobe for latching an external device

The /O port inputs can be used in “pass through” mode or “latched” mode. Figure 23 illustrates the two paths. In
latched mode, astrobe input latches the state of the inputsinto a buffer. Reading the input data actually readsthe latch
buffer. In pass through mode, reading the input data actually reads the pass-through buffer, or the current “live” state
of theinput.

Pass-through
/ Buffer
8-hit 8-hit
input data ‘ data
\ Latch
strobe Buffer
input

Figure 23. Digital Input Buffers
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MULTI-TAP FORMATS

Multi-tap area scan and line scan cameras output image datain a variety of pixel sequences. An important PC-Cam-
Link feature isthe ability to transfer images to the host in the normal raster-scan format for processing or display.
PC-CamLink provides the necessary line and row resequencing to output virtually any image from amulti-tap cam-
erain the normal raster-scan format. Resequencing is performed in real-time without host processor intervention.
Typica multi-tap image resequencing consists of reordering odd and even pixel sequences, odd and even lines, or
opposite scans.

Thefiguresin this section illustrate a variety of multi-tap pixel data sequences from line scan and area scan cameras.
PC-CamLink can resequence all cases shown.

Single Tap
One channel presentsthe pixel datain sequentia order. The acquired sequence represents the original image, with no
need for sorting or reformatting. Figure 24 shows where the data appears in the original image. PC-CamLink can

support thisformat for pixel depths from 8-bits up to 24-bits. The IFC Software Library callsthis* One Channd Left
to Right” or LNK_1CHAN_L2R.

AlA[A[A[A]A =

Figure 24. Single Tap
Odd-Even Pixels

One channel (A) carries only even pixels and the other channel (B) carries only odd pixels. Datais presented simulta
neously on both channels. The pixels are “interleaved” in the original. Figure 25 shows where the data appearsin a
line from the original image. PC-CamLink can support thisformat for pixel depths from 8-bits up to 12-bits. The IFC
Software Library callsthis“Two Channel Interleaved” or LNK_2CHAN_INTERLEAVED.

A|lB|A[B|A|B =

Figure 25. Odd-Even Pixels

Dual Tap with Line Segments

One channel (A) carriestheleft half of the line or frame, and the other channel (B) carriestheright half of theline or
frame. Datais presented simultaneoudly on both channels. Figure 26 shows where the data appearsin aline from the
original image. PC-CamLink can support thisformat for pixel depths from 8-bits up to 12-bits. The IFC Software
Library calls this“ Two Channel Separate Tap Left to Right” or LNK_2CHAN_SEP_TAP_L2R.
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A = B =

Figure 26. Two Line Segments

Dual Tap with Reversed Line Segments

One channel (A) carriesthe left haf of the line or image, and the other channel (B) carriesthe right half of theline or
image. Thedirectionisright to left, or reversed from what we consider the“norma” I€ft to right scan. Data is present-
ed simultaneously on both channels. Figure 27 shows where the data appearsin aline from the origina image. PC-
CamLink can support thisformat for pixel depths from 8-bits up to 12-bits. The IFC Software Library calsthis“Two
Channel Separate Tap Right to Left” or LNK_2CHAN_SEP _TAP_R2L.

(= A &= B

Figure 27. Two Reverse Line Segments

Dual Tap with Converging Line Segments

One channel (A) carriestheleft half of the line or frame, and the other channel (B) carriestheright haf of theline or
frame. Channel A scansleft to right, and channel B scansright to left. Dataiis presented simultaneously on both chan-
nels. Figure 28 shows where the data appears in aline from the origina image. PC-CamLink can support thisformat
for pixel depths from 8-bits up to 12-bits. The IFC Software Library calsthis“Two Channel Separate Tap Converg-
ing” or LNK_2CHAN_SEP_TAP_CONVERGE.

A = (= B

Figure 28. Two Converging Line Segments
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Dual Tap Interline

One channel carriesthe even lines, and the other channel carries the odd lines. The lines are “interlaced” in the origi-
nal image. Datais presented simultaneoudly on both channds. Figure 29 shows where the data appear in the original
image. There are two options, as shown. Tap A can present the even lines 0,2,4,6,8, or the odd lines 1,3,5,7,9. The
PC-CamLink can support this format for pixel depths from 8-bits up to 12-bits. The IFC Software Library callsthis
“Two Tap Interline A Even” and “Two Tap Interline B Even” or LNK_2TAP_INTERLINE_A_EVEN and
LNK_2TAP_INTERLINE_B_EVEN.

A Even

B Even

418 |38

Figure 29. Interline

Three Tap with Line Segments

A lineisdivided into three equal segments. Data is presented simultaneously on all three channels. Figure 30 shows
where the data appearsin aline from the original image. The PC-CamLink can support this format for 8-bit pixels.
The IFC Software Library calls this “Three Channel Separate Tap Left 2to Right” or
LNK_3CHAN_SEP TAP L2R.

A = B = C =

Figure 30. Three Line Segments

32 Rev 01; July 30, 2001



405-00009-00 PC-CamLink User’'s Manual

Part 3
Software

Overview

The latest information pertaining to the software release can be found in the software release notes included on the
shipping mediaand installed in the root directory that you have chosen, such as“ C:\IFC52". The CD-ROM contains
the Imaging Studio CD-ROM contains the IFC SDK environment (and ITEX SDK) which includes all of the li-
braries, header files, and runtime DLL s necessary for software development. In addition, there is on-line help, elec-
tronic documentation, and example programs. The example programs illustrate the proper use of functions pro-
vided. These examples are not intended to be complete applications with all possible error checking and bullet-
proofing usually associated with arobust application. They areintended to illustrate the basic concepts of program-
ming with IFC.

The IFC libraries have been developed to provide the highest performance image acquisition possible, with the least
amount of processor and developmental overhead. The functions take advantage of interrupts, multi-threading,
multi-processors (if available) and PCl-bus mastering.

The IFC programming language supports the following:

e C++ Using MFC —the IFC App Wizard creates the basic framework

e Using VisualBasic —illustrated by the example \IFCxx\Examples\V B\V BExamp
e Using ANSI C —illustrated by the example \IFCxX\Examples\CGrab

Visual C++ Programming with MFC

Using Microsoft Visual C++ and the Microsoft Foundation Classes to design your application gives you a great
amount of flexibility in addressing the Windows Operating system at aroot level. You can use the Applications
Wizard to create your program in the standard doc/View/App structure, but there are afew items that you need to be
aware of in the program design. Each is addressed here.

Multiple Instances

When locating theinitialization code for the PC-CamLink board in your application, keep in mind that multiple ap-
plications cannot access the hardware at the sametime. Because of this, you must develop your application to pro-
vide one interface to the hardware. You can aso have multiple threads react to events, but make hardware access
mutually exclusive.
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Multi-Threading

K eeping the above section in mind, the same can aso be said about the thread safety of your application when operat-
ing on concurrent processes. Each of your threads should not change the hardware state of the PC-CamLink board
without signaling the other threads through the use of Semaphores or another similar method.

Keeping your hardware interface code in the Application module accomplishes this. Multiple documents can exist
when they have acommon |FC application interface. Quick Config isan example of the use of multiple documents.
If each document had initialized the hardware, and managed the transfer into their own display, there would be multi-
ple access to the same board, creating arbitrary hardware states for all concurrent documents. The following figure
illustrates the differences in modeling your application.

Main Application

[ Main application,

providing common

Images PC-CamLink interface for each
document

J\

Correct Design

Main Application

[ Main application,
Images with providing NO
Init and PC-CamLink code at all
Transfer '

routines

\/\

Incorrect Design

Figure 31. Programming Design
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Creating a Project File

Using the IFC Application Wizard in Microsoft C++, we can create the entire framework necessary for arobust win-

dows application. A project can very easily be created using standard project options with the following options
specificto IFC:

e Extralnclude Directory: \IFCxx\include
o ExtraLibrary Path: \IFCxX\lib

The following steps lead you through creating a project file. The same steps apply to building your own Win32 ap-
plications.

Step 1: Start the Visual Studio, pull down the File menu and select New. Select the Projects tab.

Step 2: Sdlect “1FC AppWizard” and fill in the project name. Use the defaullts, or point to \IFCxxX\Examples directory,
or to your application file directory.

The AppWizard steps you through eight steps to setting up an application. Thefirst six steps are the same as using the
MFC AppWizard. Thelast two steps select video display, and interrupt handling threads and events. Use the defaults
for setps 1 through 7. In step 8 select the first interrupt, ICAP_INTR_VB.

Build and then run the application. With a camera attached to the PC-CamLink you can open up to four image win-
dows by selecting Window | New Window.

Mew EHE

Filez  Projects | “Workspaces | Other Documents |

L ATL COM Appwizard Project name:
5] Cluster Resource Type Wizard I
3 Custom Appiwfizard .
= Database Project Logation:

3 O evShudin Add-in Wizard IE:\F’ngram Filez\Microzoft Yisua J

IFC Apphafizarnd

& 54P| Estension Wizard

u? b ak efile ¥ Create new workspace

e FC Activex Controfwfizard ) Lddlte curent woltspace

@ MFC Appwizard [dl] ™| Dependency of:

B AP C Appwizard [exe] | ]
T Utility Project

] /in32 application

Wi _
1 !n32 D:un&uln.a AFID'ICEI':IDI"I Platforms:
|ﬂ Win32 Dynamic-Link Librany o
) Win22 Static Library IW'”32

] | Cancel I
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Part 4
Examples

The example programs are intended to illustrate the proper use of the IFC functions. These examples are for your
reference only, not meant to be complete applications with all possible error checking and bullet-proofing usually
associated with arobust application.

Thefollowing examples are provided in the IFCxxX\Examples directory when you ingtall the IFC software. The direc-
toriesfor al applications are given here, with brief descriptions. The IFC portions of these files are commented in the
source files.

Quick Config

Directory: \ifcxx\examples\Qconfig

Quick Config is an example showing how the |FC parameter functions can be used to configure a custom camera. It
showsalist of currently available camerafiles. If your cameraisinthelist, you can select and display animage. Any
of the camera parameters can be changed. This program is a simplified alternative to the Camera Configurator.

Grab Example

Directory: \ifcxx\examples\CGrab

This exampleillustrates a C wrapper around the IFC library. This example initializes the board and software, and
acquires an image into a buffer in host PC memory. This example does not include a display of the captured image.

Interrupt Example
Distributed executable: \ifcxx\bin\segsnap.exe
Directory: \ifcxx\examples\PC-CamLink\intrex

This exampleillustrates the use of Triggers and Interrupts, for PC-CamLink. Both hardware and software triggers
are accessible. The example displays menus for trigger selection and interrupt monitoring (counters). This example
does not include a display of the captured image.

Sequence Acquire

Distributed executable: \ifcxx\bin\segsnap.exe
Directory: \ifcxx\examples\PC-CamLink\seqsnap

This exampleillustrates the multiple frame acquire capability of the PC-CamLink board and software. The example
a so presents options for camera selection, triggering setup, save and read images, overlay drawing, paralel port
input and output, LUT display, hardware overlay, window generator (cropping) and hardware zoom (decimation).
The captured images are displayed on the PC monitor.
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Video & Overlay

Distributed executable: \ifcxx\bin\overlay2.exe
Directory: \ifcxx\examples\overlay

This exampleillustrates the video display capabilities of PC-CamLink. There are anumber of different techniques,
discussed in Appendix B of this manual, and each is covered in this example. This example displays the captured
image on the PC monitor. You can zoom or stretch the image, and draw rectangles, dlipses and free hand in the over-

lay.

Large Format Acquire

Distributed executable: ifcxx\bin\largeacq.exe
Directory: examples\PC-CamLink\LargAcq

Thisexampleillustrates using a“ring buffer” in host memory and a ping pong buffer in PC-CamLink frame memory.
This method is used to acquire very large format images. The snap and grab both use the same ring buffer in host
memory. Playing the buffer contents after agrab may show a sequence that jumps backwards, because the ring buffer
may not have filled and restarted completely when the grab terminated. The snap sequence always starts and ends
cleanly within the ring buffer.

Multi-Threaded Processing Application

Distributed Executable: \ifcxx\bin\imgproc.exe
Directory: \ifcxx\examples\imProc

This exampleillustrates processing using threads and interrupt services. This example displays the captured image
on the PC monitor. You can open a second image window, and select some basic processing: invert LUT, normal
(linear) LUT, mirror, and highlight motion or difference between frames (delta).

Visual Basic Example

Directory: \ifcxx\examples\VB\V bexamp

This exampleillustrates a Visua Basic wrapper on the IFC library. Double-click on the VBExamp.vbp file to open
the project. Compile and run the example. The captured image is displayed on the PC monitor, with some controls for
acquireand LUT processing.
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Appendix A

Connectors and Cables

PC-CamLink provides three connectors for camera and 1/0 Ports. In addition, the board has two connectors for the

expansion module.

Resettable Parallel Port
5V Fuse
oy 2 l 50
[ I
([ [—
—= 1 49
26 pin_, —1—
Car_nera =
Link - Expansion
Connector ai Shot
1 Connectors
26 pin -
/1O —> -
Connector
Resettable
12 V Fuse
Figure 32. PC-CamLink Board and Connectors

_/
—

/O Camera Link

19/0 0000000 \26 14 26
10/000000000 \ 18 %
000000000 1 13

1 9

Figure 33. Connector Pin Orientation

Connector Part Numbers

The PC-CamLink Camera Connector is a standardized 26-pin “Mini D Ribbon” (MDR) connector. Standard 26-pin
Camera Link cables are available from Coreco Imaging, Inc or from 3M. Contact 3M Interconnect Solutions Divi-
sion, 6801 River Place Blvd. Austin, TX 78726-9000 800-255-5373

38
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Camera Connector

The 26-pin MDR camera connector conforms to the Camera Link specification. This connector supports camera
data, timing, four camera control signals, and serid 1/O. All signals are LVDS. This connector supports the Camera
Link Base Operation, up to 24-bit data, Ports A, B, and C.

Table 1. Camera Link Connector

Camera PC-CamLink  Signal name Description

1 1 SHIELD Inner cable shield

14 14 SHIELD Inner cable shield

2 25 X0- Data Channel 0 neg.

15 12 X0+ Data Channel 0 pos.

3 24 X1- Data Channel 1 neg.

16 11 X1+ Data Channel 1 pos.

4 23 X2— Data Channel 2 neg.

17 10 X2+ Data Channel 2 pos.

5 22 XCLK- Data Clock neg.

18 9 XCLK+ Data Clock pos.

6 21 X3 Data Channel 3 neg.

19 8 X3+ Data Channel 3 pos.

7 20 SerTC+ Camera Serial Transmit pos. (Cam Tx)
20 7 SerTC- Camera Seria Transmit neg.

8 19 SerTFG— Frame Grabber Serial Transmit neg. (Cam Rx)
21 6 SerTFG+ Frame Grabber Serial Transmit pos.
9 18 CC1- Camera Control 1 neg. (CTLO)

22 5 CCi1+ Camera Control 1 pos.

10 17 CC2+ Camera Control 2 pos. (CTL1)

23 4 CC2- Camera Control 2 neg.

11 16 CC3- Camera Control 3 neg. (CTL2)

24 3 CC3+ Camera Control 3 pos.

12 15 CC4+ Camera Control 4 pos. (CTL4)

25 2 CC4- Camera Control 4 neg.

13 13 SHIELD Inner cable shield

26 26 SHIELD Inner cable shield
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The 26-pin D-Sub connector contains TTL, Differential, and Opto-coupled programmable inputs and outputs, and
12 Volt power. Jumpers on the PC-CamLink board set the power-up state of the outputs.

Table 2. I/O Connector

©CoO~NOUIAWNRET
S
H*

NNNNNNNMNMNRPRPERPRPEREPRERPRER R
OCURWNRPOOONOOUDNWNERO

Sgnal name
+12 OUT
DIFF_INO+
DIFF_INO-
DIFF_IN1+
DIFF_IN1-
XTTL_OUTO
XTTL_OUT1
XTTL_INO
XTTL_IN1
+12 RET
DIFF_OUTO+
DIFF_OUTO-
DIFF_OUT1+
DIFF_OUT1-
GND
XTTL_OUT2
XTTL_IN2
GND

OPTO_VCC_IN

OPTO_OC_1
OPTO_OC_0

OPTO_GND_IN

OPTO_IN1+
OPTO_IN1-
OPTO_INO+
OPTO_INO-

Description

+12 Volt Power output

Differential input DIFF_INO positive
Differential input DIFF_INO negative
Differential input DIFF_IN1 positive
Differential input DIFF_IN1 negative

TTL output TTL_OUTO

TTL output TTL_OUT1

TTL input TTL_INO

TTL Input TTL_IN1

12 Volt return

Differential output DIFF_OUTO positive
Differential output DIFF_OUTO negative
Differential output DIFF_OUT1 positive
Differential output DIFF_OUT1 negative

Digital ground

TTL output TTL_OUT?2

TTL input TTL_IN2

Digital ground

Opto-coupled outputs VCC input (base pull-up)
Opto-coupled output OPTO_OUT1 (collector)
Opto-coupled output OPTO_OUTO (collector)
Opto-coupled outputs Ground input (emitters)
Opto-coupled input OPTO_IN1 positive (anode)
Opto-coupled input OPTO_IN1 negative (cathode)
Opto-coupled input OPTO_INO positive (cathode)
Opto-coupled input OPTO_INO negative (anode)

40
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Parallel 1/O Connector

The Digital I/O isavailable on a 50-pin dual row post header connector. This provides parallel 1/0 capability of 8
input and 8 output, high-drive TTL channels. This port allows controlling or monitoring externa events. The pin-out
is OPTO-22 compatible. All even numbered pins are connected to Digital Ground. Jumpers on the PC-CamLink
board set the power-up state of the outputs.

Table 3. 50-Pin Dual-Row Header

Pin # Sgnal name Description

1 +5V +5V power output
3,5 - no connection
7,9 - no connection
11 STROBE_O Strobe Output / Output data latch
13 STROBE | Strobe Input / Input data latch
15 I/O_INT Interrupt Input
17 IN7 Digital Input pin 7
19 ING Digital Input pin 6
21 INS Digital Input pin 5
23 IN4 Digital Input pin 4
25 ouT7 Digital Output pin 7
27 OouT6 Digital Output pin 6
29 OuUT5 Digital Output pin 5
31 ouT4 Digital Output pin 4
33 IN3 Digital Input pin 3
35 IN2 Digital Input pin 2
37 IN1 Digital Input pin 1
39 INO Digital Input pin 0
41 OouT3 Digital Output pin 3
43 ouT2 Digital Output pin 2
45 OouT1 Digital Output pin 1
47 OouTOo Digital Output pin 0
49 +5V +5 V power output

2,4,6,8,10, 12, 14, Digital Ground

16, 18, 20, 22, 24, 26, Digital Ground

28, 30, 32, 34, 36, 38, Digital Ground

40, 42, 44, 46, 48, 50 Digital Ground
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CAMERA CABLES

The Camera Link connector is compatible with 3M Cable Assembly 14x26-SZL B—xxx—0OLC.

x isthe Shell option: — B= Thumbscrew Shell Kit, T= Thumbscrew Overmold Shell.

xxX is cable length: 100=1 meter, 200=2 meters, 300=3 meters, 400=4.5 meters, 500=5 meters, 700=7 meters,
A00=10 meters.

The 3 meter cable 14B26-SZL B—300—OL C is available from Coreco Imaging.

I/O CABLES
Thefollowing I/O Cables are currently offered for the PC-CamLink 26-pin 1/O Connector.

Table 4. I/O Cables

Cable Part Number Description

Power Cable 509-00078-00  12-pin Hirose connector for +12 Volt power,
1BNCfor TTL_INO Trigger O

The pin-out of the Hirose connector is not guaranteed to work with al cameras. Make sure your camera requires
power on pin 2 and ground on pin 1.

CAUTION DO NOT use the PCMision or PCMisionplus break-out cables with the PC-CamLink. Damage
to the PC-CamLink will result.

Table 5. Power Cable Pin-Out

12-pin Hirose Sgnal Description 26-pin 1/O
1 12 Volt return 10

2 +12 Volts DC 1

3-12 no connection —

BNC connector

conductor TTL_INOTTL input O 8

shield DGND Digital Ground 18

< 6 feet >

w 26 pins
12 pins TTL_INO

<«— 6inches —>

Figure 34. PC-CamLink Power Cable
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Appendix B
Video Overlay

Overlay is graphical data, possibly alphanumeric or other symbology, that appears on top of video data on avideo
display. There are several different techniques for achieving an overlay on video data acquired on Coreco Imaging,
Inc.’simage capture products. All techniques described are for "video in awindow” on asingle monitor driven by the
system VGA, as the image capture products have no on-board display. The techniques, up until recently, have pro-
vided a destructive overlay, which has disadvantages. These techniques will be discussed for compl eteness. Howev-
er, there are now techniques which can provide a non-destructive overlay, which is preferable.

Destructive Overlay

There are two techniques for creating destructive overlays. “ Destructive’” means that video information and the
overlay information reside in the same area of memory. The overlay information is written directly on the video
information “destroying” it. The drawback with destructive overlay is, if you want to view live video at 30 fps, 25
fps, or any speed other than static, the video information is also overwriting the overlay information and destroying
it.

In the two destructive overlay techniques discussed, there are no inherent limitations on acquisition modules that can
be used on the image capture products.

Destructive Mix in VGA Memory

The first technique for implementing destructive overlay isto use Direct Draw to transfer video information to the
VGA card. The host then writes graphical data on the video data on the VGA card to achieve the overlay. The graphi-
cal data hasto be constantly rewritten by the host because new video datais being written over it, usualy at 25 or 30
fps. This requires a certain amount of host involvement. Another disadvantage is that the overlay flickers on the
display. The video is being written at 30 Hz, the host iswriting the overlay however often it hasthe time to, and the

VGA is running at its own speed, probably 72 Hz. Thisinherent lack of synchronization causes flicker.

Windows / VGA .
Acquired Image Display Memory VGA Display

Transfer image

to VGA memory
Destructive Overlay data ____|
Figure 35. Destructive Mix in VGA Memory

PCI Bus
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Destructive Mix in Host Memory

The second destructive overlay techniqueisto use DIB (Device Independent Bit-maps) to transfer video information
tothe VGA card. A DIB transfer starts by performing a bus master transfer to host memory. The host then writes
graphical overlay dataon the video data, and transfers the entire frame to the VGA card. This method removes flick-
er, but requires much more host involvement in transferring and formatting the video data.

Acquired Image PC Host Memory ggnﬁgylvﬁﬂg\r{%ﬁ/
Transfer Image Transfer Image
; to Host MemorK to VGA Memory
PCI Bus PCI Bus
Destructive Overlay Data ;
Convert to DIB Destructive Overlay data

Figure 36. Destructive Mix in Host Memory

Non-Destructive Overlay

The non-destructive techniques use a feature of certain newer VGA chips caled “ streams processing.” Thisfeature
allowsaVGA chip to parse the memory on the VGA card into two parts called the “ primary surface” and the “ secon-
dary surface.” These surfaces are individually addressable. These two surfaces can be mixed together by the VGA
chip for display.

The secondary surface can only be defined as a 16 bit surface. There are several different 16-bit formats to choose
from, but 16-bit is the only choice. We use two different 16-bit formats in the two non-destructive overlay tech-
niques. Thefirst isRGB (5,5,5,1); there are five bits each of red, green, and blue information with an extra bit which
serves asakind of mask. If that bit is one, then that pixel will be mixed in for overlay. If itiszero, it will not be. This
format isinherently poor at displaying monochrome data since the effective bit depth of an image is 5 bits or 64
gray-scales. It is, however, fine for displaying color asyou have a palette of 215 colors. The second format is'Y CrCb
(4:2:2). Inthisformat “Y” isthe luminance (monochrome) component and the“Cr” and “Ch” are color components.
Theterm 4:2:2 is arepresentation of how much of each kind of data (Y, Cr, and Cb respectively) is present in this
format. In each 16-bit pixel there are 8 bits of luminance dataand 8 bits of color data. An unsophisticated compres-
sion is achieved by having adjacent pixels share the same chromainformation. Therefore the data effectively looks
like: YOCrO, Y1ChO, Y2Cr2, Y3Cbh2. All of the luminance data is retained while some of the color datais averaged or
shared. Thisloss of color data actually has little effect on the image as viewed, and therefore is a good format for
displaying data. Thisis avery popular format in graphics and multimedia.

Bus Master to the Primary Surface

The first non-destructive techniqueis to use Direct Draw to provide video data to the primary surface and put the
overlay in the secondary surface. In this method, the secondary surface must be a 16 bit RGB surface. The Direct
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Draw of the video datato the primary surface is afamiliar technique to achieve alive display. Now, however, it is
possible to have overlay data present in the secondary surface and have the two surfaces mixed together by the VGA
hardware for digplay. Thereis no speed pendty for performing this hardware mix. The overlay datain the secondary
surface is never overwritten, therefore it does not have to be constantly updated by the host.

) Windows / VGA
Acquired Image Display Memory

Transfer Image

to Host Memory
% N % VGA Display
PCI Bus

2%

Key Color

o

rimary Surface Streams

Secondary Surface | Processor

Overlay Data — Aﬁ

Figure 37. Bus Master to the Primary Surface

(chroma key mix)

Limitations

There are some limitations with this technique. First, there are the normal restrictions incurred with Direct Draw of
video datato the VGA card: VGA bit-depth matching and “color dots.” As aways, we have to match the pixel bit-
depth of the output of the frame grabber with the VGA display. If 8-bit monochrome data is being acquired, the VGA
card primary surface must be set at eight bitsto bus master to it. This equatesto a computer display of only 256 colors
to be shared by Windows and all of the gray-scale values of your video (which ideally would be 256 just by them-
selves). Windows will demand a minimum of 20 colors (usually numbers 0-9 and 246-255 in the palette). If video
data is bus mastered to the VGA memory with those values reserved for Windows colors, the pixels with those values
will take on these colorsinstead of the gray-scale values that were intended. We call these “color dots’ and they can
be distracting or unacceptable. The technique used to remove color dots isto clip the data with a Look-Up Table
before it istransferred. Thisleaves only 236 colors | eft for gray-scale video which reduces the contrast of the video
somewhat. It also may be said that limiting Windows to its minimum 20 colors makes for an unattractive Windows
display. If 24-bit color datais being acquired, then the VGA primary surface must be set at 24 bits. This presents
fewer " color dot” problems. The color video data can be clipped by alook-up-table to leave room for the 20 Windows
colors (and moreif desired) with negligible degradation to the video quality (20 colors out of 224). Thereisarestric-
tion on the overlay aswell. The overlay isin the secondary surface of the VGA card and is not being managed by
Windows. Windows keeps track of all of the objectsin the primary surface so that they all remain " good Windows
neighbors.” Pull down menus, dialog boxes, tool bars, main windows, video in awindow (bus mastered data) etc.,
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are all managed so that the proper components are on top, in the background, in the foreground, and displaying prop-
erly. Windows does not keep track of the secondary surface where the overlay dataresides, a problem arisesif any
Windows graphics such as a dialog box intrudes on the same area of the screen as the overlay. The overlay will be
turned off by the VGA card if the graphics encroaches on its area, even if just by afew pixels. This can cause prob-
lems with the application’s GUI.

Bus-Master to the Secondary Surface

The second non-destructive technique is to bus master video data to the secondary surface and put the overlay in the
primary surface. In this method the secondary surface must be a 16-bit Y CrCb 4:2:2 surface. The frame grabber must
have 16-bit Y CrCb data to bus master to this surface. Coreco Imaging, Inc.’s image capture products can provide
datain thisformat. This 16-bit data can be either color datafrom an NTSC or PAL camera, or monochrome data from
an RS-170 or CCIR camera.

The overlay is accomplished by mixing in video data from the secondary surface into the video window of the ap-
plication GUI in the primary surface using a chromakey. A specific chroma value is designated as the hardware
chroma key and wherever this value appears in the primary surface, the video data from the secondary surface is
substituted for it in the display. The application GUI, overlay, and all windows graphics reside in the primary surface
and the video is mixed in wherever it is needed by placing the chromavalue. There are no problemswith " color dots’
using this technique. There are also no problems with the overlay being "turned off” asin the previous technique
since Windows is managing all of the graphics while video isjust being quietly mixed in by the chromakey. The
primary surface can be run at whatever bit-depth is best for the application.

Windows / VGA
Display Memory
Key Color
| VGA Display
Overlay Data /\\\
Acquired Image Primary Surface Streams —
Processor
Transfer Image

: to Host Memory j T (chroma key mix)

PCI Bus

Secondary Surface

Figure 38. Bus Master to Secondary Surface
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Use this worksheet to document your configuration

JP1 -Eml =3 -Eml =3 JP2
JP3 [0 0 o JP4
[0 o o] JPs
[0 o o] JP6

[O o o] yp7
123

JP9 00 o] Jprs

123 123

Figure 39. PC-CamLink Configuration Worksheet
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