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Introduction

This chapter outlines the key features of the Imperx FrameLink
Express card.
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Functionality

Interfaces

FrameLink Express

The FrameLink Express frame grabber is a ExpressCard/54 card with two
Camera Link interfaces. It provides the ability to capture digital video data
from both “base’ configuration Camera Link interfaces and transfer that
data to host memory via an ExpressCard ( PCle x1 ) interface.

e Captures video data from two Base Camera Link interface, formats
this data and stores it into local FIFO’s.

e Retrieves the formatted data from the FIFO’s and transfers it into host
memory via an intelligent scatter/gather DMA over the ExpressCard
interface.

e Provides a full-duplex asynchronous interface ( UART ) to/from an
attached device on each Camera Link serial interface.

e Provides the host processor with the ability to configure the four
discrete Camera Control signals on each Camera Link interface.

Camera Link interface

The FrameLink Express provides two Camera Link interfaces that follow
the ‘base’ configuration, as defined in the Camera Link standard, requiring
two 26 conductor connector/cable ( refer to Figure 2 ). The base
configuration consists of multiplexing 28 bits of video data into 4 LVDS
data streams. This data consists of 24 bits of pixel data along with 4 pixel
qualifier signals: “line valid’ strobe, “frame valid’ strobe, ‘data valid’
strobe and a spare strobe ( for future use ). A phased-locked transmit clock
is transmitted in parallel with the data streams over a fifth LVDS link.
Additionally, four RS-644 LVDS streams are included for general purpose
camera control. These ‘camera control’ signals allow the frame grabber to
manipulate discrete controls within an attached camera. A bi-directional
asynchronous communications channel between the frame grabber and an
attached camera is also provided by means of two RS-644 LVDS pairs.

ExpressCard interface

The FrameLink Express card complies with the ExpressCard/54 package
dimensions as defined in the ExpressCard Standard release 1.2. It includes
a 30mm x 10mm extension area, used to house the CameraLink
connectors.
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The FrameLink Express provides a 2.5 GHz PCle Master/Target interface
compliant with the ExpressCard Release 1.2 specification. This interface
provides a single “function’, as defined in the Expresscard specification.
The design does not support any memory mapped or 1/0 mapped
peripherals on card. Access to the FrameLink Express’s FIFOs

is achieved through DMA operations that move the data from the FIFOs
into host memory. The host cannot directly access the contents of the
FIFOs. The design supports host access into configuration registers,
DMA registers, local registers and CIS data via configuration space
accesses.

Page 7 of 75



A functional block diagram of the FrameLink Express card is illustrated in
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Figure 1 — FrameLink Express Block Diagram
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A functional block diagram of the Camera Link interface is illustrated in
Figure 2.
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Figure 2 — Camera Link Interface
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Video Capture

The video capture engine is responsible for receiving video pixel data and
qualifiers from the Camera Link transceivers, formatting the data and
transferring it into on-board memory. The data that it receives from the
Camera Link transceivers is formatted per Table 1. Ten different modes of
operation are supported as indicated in the table. The video capture engine
translates this data into doublewords ( 64 bits ), as defined in Table 2, in
order to use the ExpressCard bandwidth more efficiently and conserve
memory space. Table 2 reflects how the data will appear in host memory.
In the case of the single tap and dual tap 8 bit modes, the module packs
eight pixels into each doubleword. In the case of the other modes,
excluding 3x8 and RGB, the module packs four pixels into each
doubleword.

Port C Port B Port A

c7 ¢6 ¢5 ¢4 C3 ¢2 cl cOJb7 b6 b5 b4 b3 b2 bl b0Oja7 a6 a5 a4 a3 a2 al a0] MODE

A7 [A6 |AS| A4 | A3 | A2 | Al | AO 1x8

B7|B6[B5|B4|[B3|B2|B1|[BOJA7|[A6|[AS5|A4|A3|A2[AL|A0 2x8

C7

C6

C5|/C4|C3|C2|C1|CO|B7|B6|[B5|B4|[B3|B2|B1|[BOJA7|A6|[A5|A4|A3|A2[AL|A0 3x8

A9 | ABJ A7 [AG [ A5 | A4 | A3 | A2 [ AL | A0 1x10

B7

B6

B5| B4 [B3|B2|B1|B0 B9 | B8 A9 | ABJ A7 [ A6 [ A5 | A4 | A3 | A2 | Al | AO 2x10

A11|A10{ A9 | ABJ A7 | A6 | A5 | A4 | A3 | A2 | Al | AD 1x12

B7

B6

B5| B4 [B3|B2|B1|B0|B11|{B10| B9 | B8 [A11|A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | Al | AD 2x12

A13|A12|A11|A10{ A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO 1x14

A15|A14[A13|A12|A11|A10] A9 [ A8 J A7 | A6 [ A5 | A4 | A3 | A2 | Al | AO 1x16

BL7

BL6|BL5|BL4|BL3|BL2|BL1|BLOJGR7|GR6|GR5|GR4|GR5|GR2|GR1|GROJRD7|RD6|RD5(RD4[RD3|RD2|RD1|RDOJRGB (1x24)

Table 1 — Image data bit-to-port assignments per the Camera Link specification
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Byte4 Byte3 Byte2 Bytel

d63 |d62d61/d60) d59 | d58 |d57|d56) d55 |d54/d53]d52(d51|d50| d49 |d48)d47 |d46|d45|d44| d43 | d42 |d41d401d39|d38|d37|d36|d35|d34|d33|d32] MODE

A7 [AG|AS[A4] A3 | A2 |AL|AO| A7 |A6 |A5|A4|A3|A2| Al [AO| A7 [A6|A5|A4| A3 | A2 |A1|AOJ A7 |AG | A5 | A4|A3|A2|A1|A0] 1x8

B7 |B6[B5|B4| B3 | B2 [B1|BO| A7 |A6[A5|A4|A3|A2| Al |AO| B7 |B6|B5|B4| B3 | B2 |B1|BO) A7 |A6 A5 |A4|A3|A2| Al |A0] 2x8
RN RN RN - | -] -)C7|C6|C5|C4|C3|C2|Cl1|CO|B7|B6|B5|B4|B3|B2|B1|BOJA7 |A6|A5|A4|A3|A2|A1|A0] 3x8

A9 [A8[ AT [A6]As[A4lA3 A2 AL TAO] - [-T-T-T-1- [ro[as]AT]A6]A5[A4]A3]A2]AL]A0] 1x10
B9[B8| B7 |B6[B5|B4[B3|B2[BL[BO| - | - | -]-[ -] - ]A9[As|A7]A6]A5][A4[A3][A2][AL[A0] 2x10

ALL[AL10[A9[ A8 A7 [A6[A5[A4]A3]A2] AL TA0] - [-1-]-[a11]ato[A9]A8] A7]A6[AS]A4]A3]A2]AL]AD] 1x12
B11[B10[B9[B8| B7 [B6[B5|B4[B3|B2[ BL[BO| - [ - | - |- [A11]A10]A9[A8] A7 [A6 [A5 [ A4 A3 A2]AL]AD] 2x12

- [ - [a13]a12] A11[AL0[A9 [ A8 A7 [A6 A5 [ A4TA3[A2] AL JAO] - | - [a13la12]A11][A10] A9 ] AS| A7 [ A6 [AS[A4]A3[ A2 [ALT A0 1x14

A15]A14]A13]A12] A11 [ A10 [ A9 [AB] A7 [A6 [ A5 [ A4 [ A3]A2] A1 [A0JA15]A14]A13]A12[A11[A10] A9 [AB] A7 [ A6 [A5 [ A4 [ A3] A2 ] ALTAO] 1x16

RD |RD|RD|RD|RD|{RD|RD [RD|GR |GR|GR|GR|GR |GR [GR|GR| BL | BL | BL | BL |BL |BL | BL | BL| RGB
716|543 |2[1]|]0)7|6|5[4|3]2]|1]0]7|6[5[4]3]2]|1]|0](1x24

Byte8 Byte7 Byte6 Byte5

063 |d62/d61|d60| d59 | d58 |d57|d56] d55 |d54)d53]d52|d51]d50| d49 |d48] d47 |d46|d45|d44) d43 | d42 |d41/d40jd39 d38|d37|d36|d35/d34 d33|d32] MODE

A7 | A6 | A5 |A4| A3 | A2 |A1[AO| A7 |A6|A5|A4|A3|A2| Al [AO] A7 |[A6|AS|A4| A3 | A2 |[A1|AOJ A7 |A6| A5 |A4[A3|A2|A1|A0] 1x8

B7 |B6[B5|B4| B3 | B2 |[B1|BO| A7 |A6|A5|A4|A3|A2| Al |AO| B7 |B6|B5|B4| B3 | B2 |B1|BO) A7 |A6 [A5 |A4|A3|A2 | Al |AO0] 2x8

C7|C6[C5]|C4|C3|C2|C1|CO|B7|B6|B5/B4|B3|B2|B1|BOJA7 |A6|A5|A4|A3|A2|AL|A0] 3x8

AdJAs| A7 [me]As[Aa]A3 A2 AL TAO] - [-]-T-1-1- [ao]as]A7]A6]As]A4]A3]A2]AL]A0] 1x10
Bo[B8| B7 |B6[B5|B4[B3|B2[BL[BO| - [ -|-[-[-1-]Ao[ns|A7[A6]A5][A4[A3][A2[AL]AO] 2x10

ALL[A10[A9[AS| A7 [A6[A5[A4A3[A2] ALTAO] - [ -] -] - [A11][A10]A9]A8| A7 [A6 [AS[A4]A3]A2]AL]A0] 1x12
B11[B10[B9[B8| B7 |B6[B5|B4[B3|B2[ BL[BO| - [ - | - | - [A11]A10]A9[AS| A7 [ A6 | A5 | A4 A3 A2]AL] AD] 2x12

- | - [a13]a12[ A11 [AL0 [A9 [AB] A7 [A6 [A5 [A4A3]A2] AL JAO] - | - [a13ja12]ALL][AL0[A9]AB| A7 [A6 [AS [A4]A3] A2 AL AO] 1x14

A15[A14]A13]A12] A11 [ A10 A9 [A8| A7 [A6 [AS [ A4]A3]A2] AL [ A0 |A15]A14[A13[A12[A11[AL0[ A9 [AS] AT [A6 [AS [ A4 [ A3 [ A2 [ AL AO] 1x16

RD |RD|RD|RD|RD|{RD|RD [RD|GR |GR|GR|GR|GR |GR [GR|GR| BL | BL | BL | BL | BL |BL |BL | BL| RGB
7016|5413 |2[1]0)7]|6|5[4|3]2]|1][0]7|6]|5[4]3]2]|1]|0](Ix24

Table 2 — FrameLink Express Image data mapping into memory

Pixel Buffering The pixel data formatted by the video capture engine is stored into two
on-board FIFO memories. This memory serves as a local store for
formatted video pixel data. The FIFOs are managed by an independent
pair of controllers, implemented in the FPGA, supporting concurrent
operation. The two FIFOs are utilized in a ping-pong fashion such that
while one is being filled with new pixel data, the other is being emptied
via DMA into host memory.

DMA The DMA engine is responsible for reading formatted pixel data from the
on-board FIFO memories and transferring them into host memory via the
ExpressCard interface. An intelligent scatter-gather method is utilized,
providing for an efficient use of the ExpressCard bandwidth. The use of
non-contiguous 4Kbyte buffers provides support for the Windows
operating system’s memory allocation model.

Serial Interface A bi-directional Universal Asynchronous Receiver Transmitter ( UART )
is provided for each Camera Link serial interface. It transmits and receives
ASYNC formatted characters with 1 Start bit, 8 data bits, no parity and 1
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Camera Control

FPGA

Stop bit. The baud rate of this interface can be configured by the user to be
any one of a set of standard bit rates ranging from 4800 to 115.2K bits per
second. A software interface to the UART is provided by means of a
Camera Link compliant “clser***.dlI’ file.

The FrameLink Express card provides four discrete camera control bits
per the Camera Link specification for each channel. These bits can be
configured by the user via the FrameLink Express application GUI.

The heart of the FrameLink Express is a dense Field Programmable Gate
Array (FPGA ). This FPGA implements all of the functions related to
video data capture, formatting, storage and DMA. The firmware contents
of the FPGA can be upgraded while in the field by following the
instruction outlined in Section 3 of this document entitled ‘Firmware
Upgrade from Web Site’.
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What you need to get started

To begin using the FrameLink Express card, you need the following:

A computer with a ExpressCard/54 slot.
Microsoft Windows XP or 2000 software.
A computer with at least 256M bytes of RAM.

A CD drive, and a hard disk on which to install the FrameLink Express
software.
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Inspecting the FrameLink Express package

When you unpack your FrameLink Express package, you should visually
inspect all of its contents. If something is missing or damaged, contact
your Imperx representative.

Package contents
You should have received the following items:

e The FrameLink Express card
e A CD with the FrameLink Express software suite

e A *Quick Start’ installation guide
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Chapterng

Hardware Installation

Installing the FrameLink Express card is as simple as plugging it into an
available ExpressCard/54 slot on your computer.

Page 15 of 75



*

Chapter\g

Software Installation

This chapter explains how to install the FrameLink Express software.

Software Suite

The FrameLink Express software suite consists of the following files:

Windows application files:
(located in c:\Program Files\ImperX\FrameLink Express\ )

FrameLink_Express.exe - Area scan application program
VceComEX.exe - Virtual COM port emulator
FrameLink_Express.chm - Help file

FrameLinkConsole.exe - Console program ( for debug purposes )
FLExDrvManager.exe - Driver manager tool ( for debug purposes )

VCECLB.dII - FrameLink Express library
clseripx.dll - CameraLink serial interface library
ippLib.dil - Intel image processing library
IpxLog.dll - ImperX logging library
IpxMisc.dll - ImperX miscellaneous library
IpxMovieMaker.dll - ImperX movie maker library
DSMovieWriter.ax - Movie Writer DirectShow filter

Windows driver files:
(located in c:\Program Files\ImperX\FrameLink Express\driver\ )

fl_ex.sys - WinXP/2000/Vista driver file
fl_ex.inf - WinXP/2000/Vista driver info file
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Software Development Kit ( SDK)) files:
(located in c:\Program Files\ImperX\FrameLink Express\SDK\ )

/bin/ folder - binaries

/inc/ folder - include files

/lib/ folder - libraries

/doc/ folder - documentation and sample source code

Documentation files:
(located in c:\Program Files\ImperX\FrameLink Express\Doc\ )

FrameLink_Express_Users _Manual.pdf - User manual document

FrameLink_Express_Datasheet.pdf - Technical datasheet

LUT Files:

(located in c:\Program Files\ImperX\FrameLink Express\LUT\ )
gamma_45.lut - Sample lookup table for Gamma_45
gamma_45.xls - Sample excel file for Gamma_45

CAM Files:

(located in c:\Program Files\ImperX\FrameLink Express\CAM_Files\ )

LYNX folder - FrameLink Express configuration files for Imperx’
LYNX series of cameras

Note that our FrameLink Express application program was created using
our SDK ( software developers kit ). Our SDK is included in the standard
FrameLink Express software suite that comes with the card.
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Software Installation from CD

Use the following steps to install the FrameLink Express software
supplied on a CD. Note that “click’ refers to the left mouse button.

1.

If a version of FrameLink Express was previously installed on this
machine, then you must first remove it:

To remove the application files:

1.1
1.2
1.3
1.4
1.5
1.6
1.7

1.8
1.9

Click on ““Start”
Click on “*Settings™.
Click on **Control Panel”.
Double click on “Add or Remove Programs™.
Click on “FrameLink Express™.
Click on ““Remove”.
If the ‘FrameLink Express — InstallShield Wizard’ pops-
up then do the following, otherwise go to step 1.8
Click on ‘Remove’.
Click “Next’.
Click “Yes’.
Click “Finish’.
Click on *“Yes”.
Click on “Close™.

After having removed a previous version or if a version of
FrameLink Express was NOT previously installed on this machine

then:

The first step is to install the application files:

2.1

2.2

2.3
2.4

Insert the FrameLink Express CD into the appropriate
drive; the setup.exe file will run automatically. Note: If it
does not start automatically, then click on “Start”, “Run”’,
enter or browse to ““(CD drive): setup.exe” and click
“OK™.

Wait for the “FrameLink Express - InstallShield Wizard”
screen to appear.

Follow the on-screen instructions.

For Vista, click on *““Install this driver software

anyway’” when the following message appears:
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@' Windows Security

@] Windows can't verify the publisher of this driver software

< Don't install this driver software

You should check your manufacturer's website for updated driver software
for your device.

< Install this driver software anyway
Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

(v) See details

2.5  When the following message appears, choose if you
would like to register online by clicking on “Register
now’” or “Skip”.

FrameLink Express - Installshield Wizard x|

Regizter on Imperx web site &

Inztallation complete.

Fleaze take a fews moments to register your product on our web site.

‘wie strongly suggest that pou da this =0 that we can notify you when new
software/firmware becomes available.

| rstall5 hild

Skip | Feqister nowl

2.6 Click “Finish”. This completes the software
installation.
2.7  Reboot your computer.

The next step is to install the driver files:

2.8 Insert the FrameLink Express card into the laptop.
2.9 For XP:
Wait for the system to prompt you with a
“Found New Hardware Wizard” dialog box.
Proceed to Step 2.10.
For Vista:
The driver will automatically be installed.
Proceed to step 2.15.
2.10  Under certain conditions, the following message
may appear:
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Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard
Windows wil seanch B cument and updaled softeane by

Inoking o pour computer. of e hardware iretalafion C0. o an
e Weimdoms: Update Web site: [with pour primission)

Fead cur privacy palicy

CanWindows cornec! 1o Windows Update to ssarch fn
sollwane?

(# o=, thig B anly
(3 ez, mow and every ime | commect & device
('_":- Mo, rot s lime

Click Hext lo corfinue.

Mests | | Cancel |

If this message appears, click “No, not this time™, then
click “Next”.

2.11  When the following message appears, select “Install
the software automatically (Recommended)”, then
click ““Next”.

Found Mew Hardware Yfizard

This wizard helps you ingtall software for:

FrameLink Ewpress Capture Cand

I'\.'j If your hardware came with an installation CD

L2 or Aoppy disk. inzert it now.

What do you want the wizard to da?

% |nstall the software autormatically [Recommended)

7 Inztall from a list or specific location [4dvanced)

Click Mext to continue.

< Back I et > I Cancel

2.12  The following message will appear:
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Hardware Installation

L ] 'j The goftware pou are installing for this hardware:
L

FrameLink Express Capture Card

haz not passzed *wWindows Logo testing to werify its compatibility
with *Windows XP. (Tell me why this testing is important. |

Continuing your installation of this software may impair
or destabilize the comect operation of your gystem
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for zoftware that has
paszzed Windows Logo testing.

Continue drypway | STOF Installation I

2.13  Click “Continue Anyway” to continue.

2.14  When “Click finish to close the wizard” appears, click
on “Finish™.

2.15 This completes the driver installation.
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Software Upgrade from Web Site

New application and/or driver software may be released periodically to
reflect improvements and/or functionality added to the FrameLink
Express. You can retrieve these updates by visiting the download page of

our web site at

http://www.imperx.com/frame_grabbers/camera_link/FrameLink Express downloads.php

Use the following steps to install newly released application software:

3.1

3.2

3.3

3.4
3.5

Uninstall all application files by following the instructions in
step 1. of the “Software Installation from CD’ section.
Download the FrameLink_Express_Installer.exe file from
the Imperx web site to a new folder on your PC ( we will

use the folder C:\new_FrameLink Express as an example ).
Left mouse click on “Start™, “Run”’, enter or browse to
C:\new_FrameLink Express\FrameLink Express_Installer.exe.

Left mouse click on ““Open”, then “OK”’.

Follow the instructions starting from step 2.2 above.
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Firmware Upgrade from Web Site

Your newly received FrameLink Express card has been programmed in
the factory with the latest firmware prior to shipping. New firmware,
however, may be released periodically to reflect improvements and/or
added functionality. You can retrieve these updates by visiting the

download page of our web site at:
http://www.imperx.com/frame_grabbers/camera_link/FrameLink Express downloads.php

Use the following steps to install newly released firmware:

1.

2.

Download and unzip the firmware Upgrade Utility file to a
folder on your PC.

Insert the FrameLink Express card into the laptop. Note that if your
system has two ExpressCard slots, then you must insert the card
into the slot in which it was placed during the original driver
installation.

If the system prompts you with a “New Hardware Found” dialog
box, then you have not previously installed the driver. You must
follow the steps outlined in the section above titled “Software
Installation from CD” to install the driver.

To run the Upgrade Utility simply double click on the icon.
Note: DO NOT POWER DOWN OR REMOVE THE CARD
WHILE PROGRAMMING IS IN PROGRESS!

The Upgrade Utility will display the following dialog box:

FrameLink Express Remokte Lip A

welcome to the FrameLink Express remote
upgrade utility, This utility will upgrade the
firrware on wour Framelink Express card,

Current firmware information:
Revision: 0,1.0.1
Image ID: Application

Mews Firrmaare information:
Revision: 0,1.0.2
Image ID: Application

Erasing....done
Programming....done
Yerify, .. done
Resetting....done

Exit |
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*

Chapte N

Using the FrameLink Express

This chapter contains information on how to configure and use the
FrameLink Express card.
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Launching
Application

Note

Running the FrameLink Express Application

The VCECLB_app.exe program supplied with the FrameLink Express
card is a stand-alone Windows based application. It provides an easy to
use graphical user interface ( GUI ), allowing the user to configure the
FrameLink Express card and to view, record and playback video data
received from the CameraLink interface. The application consists of a
main window as well as several other dialogs which can be accessed from
the main menu or from convenient icons.

To launch the FrameLink Express application, simply double left mouse
click on the *FrameLink Express’ icon on the desktop.

Vv

FrameLink Express

In the remainder of this chapter, references to ‘clicking’ on objects in the
GUI refers to the left mouse button.
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Main Window

When the FrameLink Express application is executed, a main window
titled ‘FrameLink Express’ will appear. The main window provides the
primary area for viewing real-time images received from the camera. This
window can be sized and moved to suit your needs. When image viewing
is active, the size of this window will be automatically scaled as a function

of the camera parameters ( i.e. pixels/line and lines/frame ) specified in the
‘Camera Parameters’ dialog.

<% FrameLink Express - Channel 1 B ] |

File Input Channel Yiew Help

mizam|wE W@ RS @ G & S Do ?

Title Bar

Menu Bar

Icon Bar

Status Bar

Carneta Rate:0 Grabbing Rate:0 Grabhing Caunt:0 DA Inactive (Camera offline

The Main dialog contains a Title bar, a Menu bar, an Icon bar and a Status
bar.
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Title Bar

Menu Bar

File

Input

Channel

View

The Title bar reflects the name assigned to the Camera Link port that is
currently selected. A name of ‘Channel 1’ or *Channel 2’ is used as a
default. The user can replace this default name by filling in the *Alias’
field in the “Camera Parameters’ dialog.

The Menu bar includes a set of pull-down sub-menus as follows:

Clicking on this item reveals a pull-down menu with two options:
‘Player’ and “Exit’.

Play Files

Exit

This option opens the ‘Player Dialog’ and ‘Player Control’
windows.

Clicking on this option causes the program to terminate.

Reveals a pull-down menu allowing the user to select which

Camera Link channel to connect to.

Clicking on this item reveals a pull-down menu with the following
options:

Camera
Parameters

CcC
Control

RGB
Control
Capture
Settings
Terminal

Statistics

Hex Pixel
Dump

Histogram

Lookup Table

Causes the ‘Camera Parameters’ dialog to appear.

Causes the “‘CC Control’ dialog to appear.

Causes the ‘RGB Control’ dialog to appear. This option
is only available if ‘Bayer’ or ‘RGB’ is selected in the
‘video type’ field of the ‘Camera Parameters’ dialog.

Causes the “Capture Settings’ dialog to appear.

Causes the “Terminal’ dialog to appear.
Causes the “Statistics’ dialog to appear.

Causes the “Hex Pixel Dump’ dialog to appear.

Causes the “Histogram’ dialog to appear.

Causes the ‘Lookup Table’ dialog to appear.
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Help

Zoom

About

Help
Manual

Causes the ‘Zoom’ menu to appear.

Clicking on this item reveals a pull-down menu with two options:
‘About’ and ‘Help Manual’.

Causes version information to be displayed including release
identifiers for the application software, library, driver and
firmware. This information should be provided to Imperx technical
support personnel during a service call.

Causes an interactive point-and-click style help manual to be

displayed. The help manual provides a summary description of all
GUI controls and fields.
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Icon Bar The Icon bar contains a set of icons that act as shortcuts into the features
located on the Menu bar.

|:1 Select Channel #1

2 Select Channel #2

B Start/stop continuous Grab

= Snap single frame

7 Start/stop Capture to disk

£ Open Camera Parameters dialog
In

Open CC Control dialog

Open RGB Control dialog

" Open Capture Settings dialog
e Open Terminal dialog

® Open Statistics dialog

(&= Open Hex Pixel Dump dialog
= Open Histogram dialog

Vi Enable/disable Lookup Table processing
lF Zoom 1:1

= Zoom In

= Zoom Out

= Fit to Window

i Turn Grid on/off

?

Help
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Status Bar

Camera
Rate

Grabbing
Rate

Grabbing

Count

DMA
Status

Camera
Status

The Status bar reflects the real-time state of the current camera
connection.

Displays the real-time frame rate of the attached camera as
measured at the input of the FrameLink Express card.

Displays the real-time rate at which frames are being transferred
from the card into host memory.

Displays a running count of the total number of frames transferred
into system memory. This counter is reset when ‘grabbing’ is
stopped.

Displays the real-time status of the DMA process as being either
‘active’ or ‘inactive’.

‘Active’ indicates that the user has commanded the FrameLink
Express to acquire video data by clicking on the “Start Grab’
button and that the camera is providing valid framing.

‘Inactive’ indicates that either the user has commanded the
FrameLink Express to stop acquiring video data by clicking on the
‘Stop Grab’ button or that grabbing is enabled but the camera is
not providing valid framing.

Displays the real-time status of the attached camera as being either
‘online’ or “offline’.

‘Online’ indicates that the camera is powered on, attached and
providing a video clock via the CameraLink interface.

‘Offline’ indicates that the FrameLink Express card is not

receiving a video clock from the camera either because the camera
is powered off or the CameraLink cable is disconnected.
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Manufacturer
Model
Description

Alias

Load...

Save...

Camera Parameters Dialog

The Camera Parameters dialog allows the user to configure the FrameLink
Express card with the operating parameters of the attached camera. For
the FrameLink Express card to be able to properly acquire and display
images from an attached camera, the settings entered into this screen must
match the parameters of the camera.

[ Irveert FyaL

s e

Apply |

=

Manufackurer: IImperx Load. ., |
Madel: | IPX-4GAZ10-L

Description: I G40*480 monochrome

Alias: |uGA21n Save... |
—Camera resolukion _ _ _ — Tap reconstruckion

Learn Pre-valid Walid Post-walid I Swap taps Mare ==

widthipixels) [0 = |e40 = o =

Height(ines) |0 = |4a0 =0 =

—Strobes Wideo Type — [ Baver start | [~ Camera bit depth

™ Ignore DYAL| | @ Monochrome| | & 6 C R | & & 0 12 O 14 O 16
[T Invert DvaL| | € Bayer B & || & REEz: O pEEar O REE
I~ InvertLvaL || © RGE '

Start grab |

These text fields allow the user to record the vendor and part number of
the attached camera. This text, along with all of the other settings, can then
be saved as a .CAM file on the PC for later retrieval.

This is a user defined name for the channel. The text entered into this field
will be displayed as the channel name in the Title bar.

Loads a previously saved camera configuration file. Clicking on this box
will cause a Windows “‘browse’ box to appear. The user can then browse
to the folder and file he wishes to open. The program will then open the
selected file, parse it and populate the fields in the dialog.

Saves the current GUI fields as a camera configuration file. Clicking on
this box will cause a Windows ‘browse’ box to appear. The user can then
browse to a folder and enter a file name. The program will then create a
.CAM file using the values in the dialog’s fields and write it to the disk.
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Camera These fields specify the geometry of the attached camera and instructs the
Resolution FrameLink Express on how to reconstruct a received image.

Width (pixels):

These fields specify the total number of pixels per line. The
Camera Link standard defines a line as being a series of pixels
enveloped by the LVAL strobe and qualified by the DVAL strobe.
Cameras generally provide some leading and trailing dummy
pixels before and after a set of valid pixels. Most cameras can
disqualify these dummy pixels by negating the DVAL signal. For
cameras that do not disqualify the dummy pixels, the FrameLink
Express has to be told the number of pre-valid, valid and post-valid
pixels in order to properly construct an image.

Pre-valid Specifies the number of leading pixels prior to any

valid pixels. The FrameLink Express will exclude
these pixels from the displayed/captured image.

Valid Specifies the number of valid pixels. The
FrameLink Express will include these pixels in the
displayed/captured image.

Post-valid Specifies the number of trailing pixels following

Height (lines):

any valid pixels. The FrameLink Express will
exclude these pixels from the displayed/captured
image.

These fields specify the total number of lines per frame. The
Camera Link standard defines a frame as being a series of lines
enveloped by the FVAL strobe. Cameras can sometimes provide
some leading and trailing dummy lines before and after a set of
valid lines. Most cameras can disqualify these dummy lines by
negating the FVAL signal. For cameras that do not disqualify the
dummy lines, the FrameLink Express has to be told the number of
pre-valid, valid and post-valid lines in order to properly construct
an image.

Pre-valid Specifies the number of leading lines prior to any

valid lines. The FrameLink Express will exclude
these lines from the displayed/captured image.

Valid Specifies the number of valid lines. The FrameLink
Express will include these lines in the
displayed/captured image.

Post-valid Specifies the number of trailing lines following
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Learn

any valid lines. The FrameLink Express will
exclude these lines from the displayed/captured
image.

Clicking on this button pops-up the ‘Auto learn’ dialog.

x

Attached camera is delivering Select camera operating mode
I 320 clacksline

I 400 lines/frame

Camera resolution
Pre-walid Walid Post-walid

widthipixelsy [0 =] [es0 [0 =
Heightilines) ||:| :I |4|:||:| ||:| :I

Apply | (4 | Zancel |

Z kap, Interleaved j

‘Auto learn’ is a unique feature of the FrameLink Express card which
assists the user in entering the camera resolution parameters. The
FrameLink Express card is continuously measuring the signals it receives
from the CameraLink interface and therefore can determine what the
cameras resolution is. It measures both the number of CLOCK transitions
per LVAL ( clocks/line ) as well as the number of LVAL transitions per
FVAL ( lines/frame ). It displays these results in the ‘Attached camera is
delivering’ fields. The card, however, has no way of knowing how many
taps are active and what the camera bit depth is. The user should select the
operating mode of the camera and then click the ‘Apply’ button. This will
cause the fields in the Camera Resolution group to automatically be
populated.

NOTE: If the ‘clocks/line’ field is reporting a value of ‘0’, then the camera
may not be providing a DVAL signal on the Camera Link interface. If this
is the case then cancel the Auto Learn dialog, select ‘Ignore DVAL’ under
Strobes in the Camera Parameters dialog and then click on ‘Learn’ again
to re-enter the Auto Learn dialog.
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Tap
Reconstruction

Specifies the number of taps ( channels ) and the pixel ordering provided
by the attached camera. The following formats are supported:

|1 tap, LR =]

1 tap, L-=R
1tap, R-=L
2 tap, L-=R Interleaved

2 tap, R-=L Intetlzaved

2 tap, L-=F. Separate

2 tap, R-=L Separate

2 kap, Converge Separate

2 tap, Diverge Separate

3 tap, L-=R Separate

4 Lap, L-=F. Separate

4 Ltap, R-=L Separate

4 tap, 2 Seq, Interlzaved

4 tap, 2 Seq, Converge Interleaved
4 tap, Quad Converge

Cuskom

Swap taps Instructs the card to interchange the pixel data received from Tapl
and Tap2 of the Camera Link interface.

More >>> Clicking on this button will cause an animation of the selected tap
reconstruction mode to appear.

Strobes Specifies how to treat the Camera Link strobes, where ‘DVAL’ is data
valid, ‘LVAL’ is line valid and ‘FVAL’ is frame valid.

Ignore DVAL Instructs the FrameLink Express card to ignore the *DVAL’ signal
received from the CameraLink interface. Pixel capture will be
qualified with the ‘FVAL’ and ‘LVVAL’ signals only.

Invert DVAL Instructs the FrameLink Express card to invert the ‘DVAL’ signal.
received from the CameraLink interface prior to processing it.

Invert LVAL Instructs the FrameLink Express card to invert the ‘LVVAL’ signal.
received from the CameraLink interface prior to processing it.

Invert FVAL Instructs the FrameLink Express card to invert the ‘FVAL’ signal
received from the CameraLink interface prior to processing it.

Video Type Specifies the video mode as either or monochrome, Bayer or RGB.
Camera Specifies the number of bits per pixel.
Bit Depth
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Bayer Start Specifies the starting pixel in the bayer pattern as provided by the camera.
This selection is typically required when a camera is operated with an
‘area of interest’ feature enabled. For the following examples, assume that
‘n = number of pixels/line’ and ‘m = number of lines’ then:

Pattern #1  Use this selection when the camera provides the following pattern:
Bayer start

®c Or
Pixel
=] G
{} {:} 1 2 3 4 n-1 n
1 G|R|G|R G R
2 B|G|B|G B G
3 G|R|G|R G R
Line 4 B|G|B|G B G
m-1 G|R|G|R G R
m B|G|B|G B G

Pattern #2  Use this selection when the camera provides the following pattern:

Bayer start
Oc ®r
Pixel
O B {:} G 1 2 3 4 n-1 n
1 R|G|R|G R G
2 G|B|G]|B G B
3 R G R |G R G
Line 4 G B |G B G B
m-l R G R |G R G
m G|B|G|B G B

Pattern #3  Use this selection when the camera provides the following pattern:

Bayer start
Cc Or
Pixel
5] G
@ O 1 2 3 4 n-1 n
1 B G B |G B G
2 G R | G R G R
3 B G B |G B G
Line 4 G|R|G|R G R
m-l B G B |G B G
m G R G R G R

Pattern #4  Use this selection when the camera provides the following pattern:

Bayer start
G R
D O Pixel
OB @t 1] 23] 4 nl | n
1 G| B|G|B G B
2 R|G|R|G R G
3 G B |G B G B
Line 4 R G R | G R G
m-1 G B |G B G B
m R|G|R|G R G
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Apply

Start/Stop
Grab

Close

Causes the application to apply the current settings to the FrameLink
Express card.

This button will toggle between “Start Grab’ and ‘Stop Grab’ every time
the user clicks on it. Clicking on ‘Start Grab’ enables the FrameLink
Express’s DMA engine and causes the main window to display live
images received from the camera. Clicking on ‘Stop Grab’ disables the
DMA engine and causes the display to freeze.

This button will close the Camera Parameters dialog.
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CC Control Dialog

The CC Control dialog allows the user to program the FrameLink Express
card to generate signals on the Camera Link CC1-CC4 signals. These
signals are often used by cameras to control triggering and exposure time
via the host computer.

The FrameLink Express includes two pulse generators per channel: Master
and Slave. Both pulse generator’s outputs can be routed to the CC1-CC4

Number of

Continuous

signals of either channel.

I =
[ CC pulse generator
Mumber of pulses
' Continuous Shart |
~ Send onl IIII 3: ulses -
v = aranularity: I 1 3 10 ns
~Masker
Pulse width I i} :jl ns i, 0 cyiles, Max=85535)
} Pulse period I i} 3: ns( 0 cycles, Max=R5535])
Frequency: I Hz
Slave
—P Pulse delay I ] 3: ns i 0 cycles, Max=65535)
H Pulse width I i} 3: ns i, 0 cyiles, Max=85535)
LA L] L] L]
r;‘ |D| 6‘ |D| (’;" IDI (;‘ IDI
r" |1| f" |1| r" |1| r" |1|

" Master pulse

" Inv. master pulse

" Slave pulse

" Inv. slave pulse

™ OC Master pulse *

' OC Inv, master pulse*
O Slave pulse *

" 0C Inv, slave pulse *

' Master pulse

" Inv. master pulse

" Slave pulse

= Inv. slave pulse

™ O Master pulse *

€ OC Inv, master pulse*
0 Slave pulse *
 QC Iny, slave pulse *

" Master pulse

™ Inw. master pulse

" slave pulse

" Inv, slave pulse

™ 0iC Master pulse *

™ OC Inv, master pulse®
" o glave pulse *

" OC Inv, slave pulse *

" Master pulse

™ Inw. master pulse

" slave pulse

" Inv, slave pulse

™ O Master pulse *

" OC Inv, master pulse™®
" o Slave pulse *

" OC Inv, slave pulse *

* 0C = Other channel

This button toggles between “Start” and “Stop’. Causes both Master and
Slave pulse generators to start or stop running.

Determines how often to send CC pulses:

Configures the FrameLink Express to send a continuous stream of
CC pulses. Clicking on the “Start” button causes the pulses to
begin. Clicking on the ‘Stop’ button causes the pulses to cease.
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Granularity

Master

Slave

CC1-

Send only

Configures the FrameLink Express to send a programmed number
of pulses. Clicking on the ‘Start” button causes the sequence to
begin. The sequence will end after the programmed number of
pulses are delivered.

Sets the granularity of the clock used by the Master and Slave pulse

generators. A value of *1” corresponds to a clock period of 10 nSeconds,
a value of “2’ to 20 nSeconds etc. All master and slave pulse variables
(‘i.e. width, period, etc. ) are scaled by this clock granularity.

Pulse width

Pulse period

Sets the parameters for the Master pulse generator:

Sets the width of the master pulse.

Sets the period ( repetition rate ) of the master pulse.

Sets the parameters for the Slave pulse generator:

Pulse delay

Pulse width

CC4
‘o
‘o
Master pulse
Inv. master
Pulse

Slave pulse

Inv. slave

Pulse

OC Master pulse

OC Inv. master
Pulse

Sets the delay between the master and slave pulses.

Sets the width of the slave pulse.

Configures the behavior of each of the four CC signals:

Drive the selected CC signal to a logic ‘0’.
Drive the selected CC signal to a logic ‘1.

Drive the selected CC signal with the output of the master pulse
generator.

Drive the selected CC signal with the inverted output of the
master pulse generator.

Drive the selected CC signal with the output of the slave pulse
generator.

Drive the selected CC signal with the inverted output of the slave
pulse generator.

Drive the selected CC signal with the output of the other channel’s
master pulse generator.

Drive the selected CC signal with the inverted output of the other
channel’s master pulse generator.

Page 38 of 75



OC Slave pulse  Drive the selected CC signal with the output of the other channel’s
slave pulse generator.

OC Inv. slave Drive the selected CC signal with the inverted output of the other
Pulse channel’s slave pulse generator.
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RGB Offset

RGB Gain

White balance

Analyze

Apply

RGB Control Dialog

The RGB Control dialog allows the user to adjust the gain and offset for
each of the RGB color components. This option is only available if
‘Bayer’ or ‘RGB’ is selected in the “video type’ field of the ‘Camera

Parameters’ dialog.

RGE Control

—RGE Gain

Red I 1.0000000
Green I 1.0000000
Blue I 1.0000000

—RiGE Offset
Red A o =]
=
ZEern |
Green : J\. I ID 3:
ZErD |
Blue I j I ID 3:
ZEern |
™ Link
—wWhite balance
Analyze |
Mean RGE = {0,0,0F

Fed gain=  0.000000
Green gain = 0.000000
Blue gain = 0.000000

Specifies the amount of offset to apply to each of the R, G and B

components.

Specifies the amount of gain to apply to each of the R, G and B

components.

Performs an automatic white balancing procedure.

Instructs the FrameLink Express card to analyze the current image
received from the camera and to calculate a set of RGB Gain
coefficients that will cause the sample image to be white balanced.

NOTE: Before clicking on ‘Analyze’, the user should point the

camera at a uniform white target.

Instructs the FrameLink Express card to use the calculated RGB

Gain coefficients acquired during the analyze’ procedure and to
apply these to the received image prior to display.
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Start/Stop
Capture

Close

Image Format

Normalize

Capture Settings Dialog

This dialog gives the user complete control over image storage.

Capture sekttings |

—Image Farmat

&
il Best Srmall

" IPEG J—

" TIFF
™ rormalize
i RAW

— Capkure options

{= Single Frames. .. |

8 Series off frames, .. |

[ &I Yidea, .. |

Skart Capture |

This button will toggle between ‘Start Capture’ and *Stop Capture’
every time the user clicks on it. Clicking on *Start Capture® starts the
process of recording the images to disk. The options set in the *Capture
Options’ field determine what, how and when actual recording is
performed. Clicking on “Stop Capture’ causes recording to stop.

This button will hide the Capture Settings Dialog screen. You can
invoke it again by either hitting Ctrl-S or by selecting it from the Control
Panel pull-down menu.

When recording images to disk, this option selects the format, ‘BMP’,
‘JPEG’, ‘TIFF’ or ‘RAW’, that the image will be saved in. Selecting
‘JPEG’ activates a compression slider. ‘Best’ provides the least
compression, while ‘Small’ provides the most compression.

Normalize defines the way in which TIFF files are created. Since a

TIFF file uses 16 bits to represent each pixel and cameras can produce less
than 16 bit pixels, the normalize option is provided. If ‘normalize’ is
disabled, then left pixel padding is used so that 16 bit TIFF data is
produced by appending zeros to the MSB bits of the pixel data. For
example, for a 12 bit pixel the resultant 16 bit TIFF data is “0,0,0,0,p12,
pll....p2,p1” where p12..p1 represent the 12 bit pixel. Left padding is
useful when the user wishes to post-process the TIFF data. If “normalize’
is enabled, then right pixel padding is used so that 16 bit TIFF data is
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produced by shifting the pixel data left and appending zeros to the LSB
bits of the pixel data. For example, for a 12 bit pixel the resultant 16 bit
TIFF data is “p12, p11....p2,p1,0,0,0,0”. Right padding is useful when the
user wishes to view the TIFF data using a standard TIFF viewer program.

Capture Options
choices are provided:

Determines how, when and where images are recorded to disk. Three
‘Single Frames’, ‘Series of Frames’ and *‘AVI

Video’. Selecting the radio button and then clicking on each option box
opens a new dialog providing additional options.

Single Frames

Select this option when you wish to record one frame only.

Clicking on this button causes the ‘Single Frame Settings’

dialog to open.

Single Frame Settings

x|

— File Mame
Fath/Filename

I:'xD ocumetts and 5 etingstlabhD eskioptimagel . bl J

— Text Overlay

[ Ingert Date and Time
[ Inzert Timestamp

[ Ingert Test Message: Position:
I I Top Left j
| Acoept I Cancel |

Path/Filename

Text Overlay

This text field allows you to provide a path and
filename for the recorded image file. Clicking on
the “...” box will cause a Windows ‘browse’ box to
appear. The user can then browse to a folder and
enter a file name. The filename extension, .BMP or
JPG, will automatically be added depending on the
image format chosen and therefore you do not need
to include the filename extension.

Enabling ‘Insert Date and Time’ automatically
overlays the date and time, received from the PC’s
operating system, on each image recorded. Date
and time formats are the same as those used on your
computer. Enabling ‘Insert Timestamp’
automatically overlays an accurate timestamp on
each image recorded. The timestamp is a decimal
integer value indicating the time, in microseconds,
when the card acquired the frame from the attached
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Accept

Cancel

camera. Enabling ‘Insert Text Message’ allows
you to enter a text string to be automatically
overlayed on each image recorded. Clicking on
‘Position’ causes a pull-down menu to appear
which defines the placement position of the
date/time/text message within the image. Available
options include: Top-Left, Top-Center, Top-Right,
Bottom-Left, Bottom-Center and Bottom-Right.

Clicking on this causes the entries made to the
various fields to be accepted and then closes the
‘Single Frame Settings’ dialog window.

Clicking on this causes the entries made to the
various fields to be rejected and then closes the
‘Single Frame Settings’ dialog window.
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Series of Frames Select this option when you wish to record multiple frames.
Clicking on this button causes the ‘Series of Frames Settings’
dialog to open.

Series of Frames Settings ﬂ

— File Mame;
Fath/Filename

C:%Docurments and SettingzilabhD eskiophimage] J

Append to filename:
f Date and Time " 3 Digit Number ¢ 5 Digit Mumber

2 Digit Murnber € 4 Digit Mumber € 6 Digit Murmber

Haoirs: kinutes: Seconds:

— Capture event occurs:

" Capture eveny: IEIEI ﬁ IEIEI ﬁ IEIEI ﬁ

{* Continuous

- Capture duration fan each event:
Lirnit zapture time ba; ||:||:| j |E|EI j IEIEI ﬁ
it rmiber, of frames b IEI 3:

— Total capture:;

Lirnit botal capture time tu:-:IEIEI ﬁ IEIEI ﬁ IEIEI ﬁ
Lireut batal number af frames to: IEI 3:

— Buffering

[ Buffer frames to memony

— Dizplay
™ Fieeze preview window whils capturing

— Text Overlay:
[ Inzert Date and Time
[ Inzert Timestamp

[T Inzert Text Meszage: Pasition:

I |T|:||:u Left j
Aocept I Cancel |

Path/Filename This text field allows you to provide a path to a
folder where the recorded image files will be saved
to. Clicking on the “...” box will cause a Windows
‘browse’ box to appear. The user can then browse to
a folder. The filename will automatically be created
based on the choice made in the ‘Append to
filename’ option. The filename extension, .BMP or
JPG, will automatically be added depending on the
image format chosen.
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Append to Allows the user to choose the format of the text

filename filename to be created. Every time a recording file
is created, the filename suffix will automatically be
updated ( for the ‘Date and Time’ option ) or
incremented ( for the ‘N Digit Number’ option ).

Date and Time

‘N’ Digit Number

This option will create files named as
YYYYMMDDhhmmssnnn where:

Y - year (4 digits)

M - month (2 digits)

D - day (2 digits)

h - hour (2 digits)

m - minute (2 digits)

s -second (2 digits)

n - millisecond (3 digits)

This option will create numerically named
files. The filename starts at 0 and is
incremented by one after each frame is
captured. If the number of frames captured
exceeds the number of digits selected then
the filename will continue to increment.

For example:

If ‘2 Digit Number’ is selected then the files
will be named as:

‘00.bmp’, ‘01.bmp’ ... “99.bmp’,
*100.bmp’, *101.bmp’, etc.

If “4 Digit Number’ is selected then the files
will be named as:

‘0000.bmp’, “‘0001.bmp’ ... *9999.bmp’,
*10000.bmp’, “10001.bmp’, etc.

Capture event Allows you to control how often to start capturing
occurs: images.

Capture every

Continuous

Specifies how often, in time, to start
capturing images. Use this feature to take
snapshots at regular intervals in order to
create a time-lapse series of images. This
option is mutually exclusive with the
‘Continuous’ option.

Specifies that image capture is free-running.
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Capture duration Allows you to control how much to capture with

for each event: each capture event specified above. Limits can be
specified by either time or number of frames,
whichever occurs first.

Limit capture Allows you to limit the duration of the
time to recording by the amount of time specified.
Limit number Allows you to limit the duration of the
of frames to recording by the number of frames
specified.
Total capture: Allows you to control how much to capture over all

events specified above. Limits can be specified by
either time or number of frames, whichever occurs
first.

Limit total capture Allows you to limit the duration of the total
time to recording by the amount of time specified.

Limit total number Allows you to limit the duration of the total
of frames to recording by the number of frames specified
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Examples of how to use Capture timers and counters:

Example #1: To capture 5 frames, every 1.5 hours, over a 12 hour period.

Capture event occurs:
Capture every: 01 Hr 30 Min 00 Sec

Capture duration for each event:
Limit number of frames to: 5

Total capture:
Limit total capture time to: 12 Hr 00 Min 00 Sec

Example #2: To capture 5 minutes worth of images, every 15 minutes
and not to exceed a total of 250 images.

Capture event occurs:
Capture every: 00 Hr 15 Min 00 Sec

Capture duration for each event:
Limit capture time to: 00 Hr 05 Min 00 Sec

Total capture:
Limit total number of frames to: 250

Example #3: To capture 10 frames, every 1 hour, over a 6 hour period
and not to exceed a total of 300 images.

Capture event occurs:
Capture every: 01 Hr 00 Min 00 Sec

Capture duration for each event:
Limit number of frames to: 10

Total capture:
Limit total capture time to: 06 Hr 00 Min 00 Sec

Limit total number of frames to: 300

Example #4: To capture continuously for a period of 2 hours and not to
exceed a total of 100 images.

Capture event occurs:
Continuous

Total capture:

Limit total capture time to: 02 Hr 00 Min 00 Sec
Limit total number of frames to: 100
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NOTE:

Buffer frames When selected will store images in system memory

to memory during capturing. When capturing is complete, the
images in memory will be flushed to the disk drive.
Select this option to improve capture performance
(‘i.e. the number of frames per second stored to disk ).
If this option is not selected, images will be stored
directly to disk and therefore capture performance
will be limited by the disk’s transfer rate.

Freeze preview When selected will stop the live image in the main

window while window from updating during capture, otherwise

capturing the image will remain live. Selecting this option
improves capture performance ( i.e. the number of
frames per second stored to disk ).

Text Overlay Same as in ‘Single Frames’.
Accept Same as in ‘Single Frames’.
Cancel Same as in “‘Single Frames’.

While capturing is in progress, if the host operating system denies the
FrameLink Express application’s request to allocate more frame buffers in
host memory then the following error message will appear.

Framelink Express gj
Syskem ran ouk of memarsy,
! Capture Stopped,

Frames captured: 1849
Memary used: 1976 MBytes
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AVI Video

Select this option when you wish to create an AVI movie file. An
AVI movie is a series of images assembled into a single AVI
file. Clicking on this button causes the ‘AVI Video Clip Settings’

dialog to open.

A¥I Yideo Clip Settings x|

— File Mame

Fath/Filename

C:\Documents and SefttingshlabhDeskiophimage] . avi J

— Capture:

Framesz per Second:

Compressar:

Lirnit number of frames tao:

IEI 3:
ISEI 3: Learn fram card |

I Ihcampressed

j [ Etimms |

 Digplay

™ Fieeze preview window while capturing

— Text Overlay
[ Inzert Date and Time
[ Inzert Timestamp

[T Inzert Text Meszage:

Position;

ITn:np Left j

Aocept I Cancel |

Path/Filename Same as in ‘Single Frames’.

Limit number Allows you to limit the duration of the recording by
of frames to: the number of frames specified.
Frames per Limits the frame rate of the recorded movie.
Second:
Learn from Clicking on this button causes the actual
card frame rate of the attached camera to be read
from the card and automatically populated
into the ‘Frame per Second’ field.
Compressor: Allows you to choose between a variety of

compressor implementations and options. This pull-
down menu lists several different implementations

of AVI

compressors. Each has its own set of

configuration options.
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Freeze preview Same as in ‘Series of Frames’.
window while

capturing

Text Overlay Same as in ‘Single Frames’.
Accept Same as in ‘Single Frames’.
Cancel Same as in ‘Single Frames’.
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Receive as

Baud rate

Clear Log

Send as

Append

Send

Terminal Dialog

The Terminal dialog allows the user to communicate with the attached
camera via the Camera Link’s serial interface.

=
B
s
~Receive ]
Receive as: ©* ASCII € HEXY Baud rate:lgﬁ.un TI Clear Lu:u;||
—Send
Sendas: O ASCII  HEX
I Send I
pppend: W CR [ LF T muL [ Otherdse hesx

Allows the user to select the format in which he wants received characters
to be displayed.

Specifies the data transfer speed of the CameraLink’s serial interface.
Clicking on this box causes a pull-down menu to appear. The user can
then select the desired baud rate from among the choices presented,
ranging from 9600 to 115,200 bits per second. This setting must match the
camera’s requirements.

Clears the terminal window of all text.

Allows the user to select the format in which he wants transmitted
characters to be entered.

Specifies which control character should be added to the end of the
command that the user entered into the Send line.

Causes the command entered into the Send line to be transmitted to the
camera.
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Camera
Rate

Grabbing
Rate

Grabbing
Count

Drop
Count

Overrun
Count

Timestamp

Statistics Dialog

The Statistics dialog displays real-time status information about the
current camera connection.

Statist #
Zamera rate 208 fps
Grabbing rate 208 fps

arabbing count |45?— frames
Drop counk IU— frames
Crverrun counk IU— frames
Tirmestannp W

Displays the real-time frame rate of the attached camera as measured at
the input of the FrameLink Express card.

Displays the real-time rate at which frames are being transferred from
the card into host memory.

Displays a running count of the total number of frames transferred into
system memory. This counter is reset when “‘grabbing’ is stopped.

Displays a running count of the total number of dropped frames. Dropped
frames are defined as frames that were received from the camera but due
to a lack of host buffers could not be transferred into host memory. It is
the host computer’s responsibility to provide the card with pointers into
host buffers. If the host computer cannot keep up with the incoming frame
rate then the card will drop frames. The primary cause of this is
background applications that are competing for the host processors time
and preventing it from servicing the FrameLink Express card.

Displays a running count of the total number of receiver buffer overruns.
Overruns are defined as pixel data that was received from the camera but
due to a lack of space, in the card’s on-board receiver FIFOs, had to be
discarded. Buffer overruns are an indication that the incoming pixel rate
exceeds the bandwidth available on the ExpressCard interface.

Displays a running timestamp counter. Each frame that is received from

the camera and transferred into host memory is time stamped. This field
shows the timestamp value for the last frame processed.
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Hex Pixel Dump Window

The Hex Pixel Dump window displays a two-dimensional table of pixel
values, plotting row ( Y') vs. column ( X'), for a bounded region of pixels.
The hexadecimal value of each pixel is displayed in each cell. For
monochrome formatted images, a single grayscale value is displayed per
pixel. For Bayer and RGB formatted images, three values representing R,
G and B are displayed per pixel. Additionally, the background color of
each cell is grayscale encoded for monochrome images or color encoded
for Bayer /RGB images.

Hovering the mouse over a given pixel reveals both the pixel’s
hexadecimal and integer values. In the monochrome sample image below,
with the mouse positioned at location 311, 239 ( X, Y ), a box is revealed
showing that the value of the pixel at that location is 022 in hexadecimal
and 34 in integer.

A yellow square, overlayed on the main image window, shows the
position of the bounded region. Horizontal and vertical scroll bars allow
the user to move the position of the bounded region of pixels anywhere
within the entire frame.

Another method of opening the Hex Pixel Dump window is to drag the
mouse over the main image window while holding down the left

mouse button. This creates the yellow box that defines the pixel dump’s
bounded region and automatically open the Hex Pixel Dump window.
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<% FramelLink Express - Channel 1 _1al x|

Fie Edit Input Channel View Help

B L A AR

|CameraRate:208  [Grabbing Rate:208  Grabbing Count:58213 | [ [DMa Active  [Camera orline 4

The sample monochrome image.

b
e N Ty

The sample color image.
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Histogram Window

The Histogram window displays three graphs: a histogram plot, a
horizontal average plot and a vertical average plot.

10000

w1000
]

=100

10000

w1000
]

o

mo
S
.--’_I ] =L

Check Boxes These features affect the way that the pixel data is altered prior to being
displayed in the live preview window. For an illustration of how these
features work, see ‘Examples of how to use the Histogram’ below.

Colorization Causes the live preview image to be “‘colorized’. Colorization
results in pixels with no value (i.e. 0 decimal ) to be displayed as
‘green’ and pixels that are saturated ( i.e. 4095 decimal in 12 bit
mode ) to be displayed as ‘red’. All other pixels (i.e. from
1 to 4094 decimal in12 bit mode ) are displayed as normal.
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Markers

Stretch
between
markers

Histogram

Horizontal
Average

Turns on two vertical markers, ‘green’ and ‘red’, that move along
the X-axis of the Histogram plot. The ‘green” marker can be
moved by dragging it with the left mouse. The ‘red” marker can be
moved by dragging it with the right mouse. The ‘green’ marker
defines a lower limit for the pixel value, while the ‘red” marker
defines an upper limit for the pixel value. All pixels with a value
less than or equal to the lower limit will be converted to 0, while
all pixels with a value greater than or equal to the upper limit will
be converted to saturated.

For example: in 12 bit mode, the pixel values range from 0 to 4095
decimal. If the lower marker is set to 1000 then all pixels with a
value between 0 and 1000 will converted to 0. If the upper marker
is set to 2000 then all pixels with a value between 2000 and 4095
will be converted to 4095.

Causes all pixel values lying between the lower marker and the
upper marker to be ‘stretched’, in effect causing contrast
enhancement. In the example above, the pixels with values
between 1001 and 1999 will be *stretched” so that they fill the
entire range from 1 to 4094. This means that a pixel value of 1001
will be converted to 1 and a pixel value 1999 will be converted to
4094. All other pixels, values 1002 to 1998, will be scaled linearly
to fill in the range.

Plots the histogram of the current frame displayed in the image window as
a function of pixel frequency ( Y-axis) vs. pixel value ( X-axis ). The
range of the pixel value, in the X-axis, depends on the bit depth of the
camera. For example, the range is 256 for 8 bits, 1024 for 10 bits, etc. The
pixel frequency represents the total number of pixels with a given pixel
value. Two histogram plots are provided with the upper plot representing
CameraLink tap #1 and the lower representing tap #2.

Plots the average value of the current frame displayed in the image
window as a function of average pixel value ( Y-axis ) vs. horizontal
position ( X-axis ). The average value for all pixels in a given column of
the image is plotted on the Y-axis. The range of the horizontal positions,
in the X-axis, depends on the number of columns in the frame.

For example, in the sample illustration, the range of the X-axis is 640
indicating that there are 640 pixels/line in the sample image. In this
example, the average of all of the pixels in column number 400 is 100.

A single plot represents both taps. The averages for each tap, however, is
listed at the top of the plot.
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Vertical Plots the average value of the current frame in the image window as a

Average function of average pixel value ( Y-axis ) vs. vertical position ( X-axis ).
The average value for all pixels in a given row of the image is plotted on
the Y-axis. The range of the vertical positions, in the X-axis, depends on
the number of rows in the frame. For example, in the sample illustration,
the range of the X-axis is 480 indicating that there are 480 lines/frame in
the sample image. In this example, the average of all of the pixels in row
number 100 is 50.
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Examples of how to use the Histogram

The examples below illustrate the effect that colorization, markers and stretching have on
an image. These examples are based on a single tap image with a bit depth of 8 bits.

Example using ‘Colorization’:

W=tretch between markers

10000

1000

The histogram shows the distribution for the
sample image.

10000

1000

00
Signal (AD

The histogram ‘colorization’ is turned on.

This causes all pixels with a value of 0 ( black )
to be converted to green and with a value of 255
(' white ) to be converted to red.
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Example using ‘Markers’ ( for single thresholding ):

istogram - Tap 1

1000

100
Signal (ADLY

The histogram shows the distribution for the
sample image.

veen markers

100
Signal (ADU)

The histogram ‘markers’ are turned on.

Both the lower limit marker ( green ) and upper
limit marker ( red ) are set to the same pixel
value of 100.

This causes all pixels with a value less than 100
to be converted to black and with a value greater
than 100 to be converted to white.
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This is the original sample image.
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Resultant black & white image with all
grayscale removed.



Example using ‘Markers’ ( for double thresholding ):

& IrameLink EXpress - VGAZID =101x
Pl lrgas Chiareml View Py

=l2e|m @ | H A E QRS

LRSI R

10000

1000

(Comera Pabe: 110 [Gesblng Bikn: 110 (Grabibirng Coard 3506 DMA Action  Carmen s crdem

The histogram shows the distribution for the This is the original sample image.
sample image.

& [rameLink ENpress - VGAZI0 =101 x|
Fie irut Charrel Yiew Hel
wize wmE g EQRLE (G ?

iComera Rabe: 110 (Geobbing Rokn: 110 [Gralibirg Courk (5797 DHA Activn Carmeed erden

The histogram ‘markers’ are turned on. Resultant image.

The lower limit marker ( green ) is set to 61 and
upper limit marker ( red ) is set to 125.

This causes all pixels with a value less than 61

to be converted to black and with a value
greater than 125 to be converted to white.
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ram - Tap 1

Comsera oke: 110 [Geabbing Mlabe:110  Grabbinsg Courd: 27607 DM Adlive  [Camera oninn

The histogram *‘markers’ are turned on. Resultant image.

The lower limit marker ( green) is set to 13 and
upper limit marker (red ) is set to 64.

This causes all pixels with a value less than 13

to be converted to black and with a value
greater than 64 to be converted to white.

[ FrameLink Lipe =10] x|

ram - Tap 1 - = 2t L0 D G [P & R I

-!
Bil"l“__”_ -
4 1.
_‘ Lo o !

6= X—=M

e

Comera Rabe:111  [Gesbbiog Riab: 111 [Gealibirng Courk : 30357 DMA Action  Carnen s crdem

The histogram ‘colorization’ and ‘markers’ are Resultant image.
turned on.

The lower limit marker ( green) is set to 13 and
upper limit marker ( red ) is set to 64.

This causes all pixels with a value less than 13

to be converted to green and with a value
greater than 64 to be converted to red.
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Example using ‘Stretch between markers’ ( for contrast enhancement ):

m - Tap 1

10000

1000

The histogram shows the distribution for the
sample image.

The histogram ‘Markers’ and ‘Stretch’ are
turned on.

The lower limit marker ( green ) is set to 13 and
the upper limit marker ( red ) is set to 48.

This causes all pixels between 13 and 48 to be
stretched, all pixels with a value less than 13 to
be converted to black and with a value greater
than 48 to be converted to white.

Page 62 of 75

we|mE @ e EQ RO &SI ki

Comsera oko: 110 [Geabibing Rabe:110  (Geabbinsg Courd: 21040

DM Active  [Comtra orlion

This is the original sample image.

[ FrameLink Express - VaAZ =10l x|

we|mE @ pEQ RO &SI ki

Comsera oke: 110 [Geabibing Rlabe:110  (Geabbinsg Courd: 23807

DM Active  [Comtra orlion

Resultant contrast enhanced image.




Path/Filename

Header

Enable

Lookup Table Dialog

The Lookup Table dialog allows the user to select and enable a lookup
table transfer function. The lookup table feature allows the user to

modify and transform the original video data into any arbitrary value. Any
12-bit value can be transformed into any other 12-bit value. This is useful
for Gamma correction, digital gain/offset, thresh-holding, etc. Refer to
Appendix B for details on how to create a Lookup Table.

Note: A Gamma45 lookup table will be loaded by the application program
by default.

Lookup Table Settings |

—File Mame
PathjFilename

I ViiReleasellyrd LUT neqakive, LUT - |

~Header

Function is 'negative image', ;I
created by Jokn Do,
date 1/14/05,

=
[~ Enable Cancel |

This text field allows you to provide a path and filename for the lookup
table file to be opened. Clicking on the *...” box will cause a Windows
‘browse’ box to appear. The user can then browse to a folder and enter a
file name. The filename extension, .lut, will automatically be added and
therefore you do not need to include the filename extension.

This text window displays the header read from the LUT file. For
example, in the negative.lut file illustrated in Appendix C, the header
window would list the following:

Function iIs "negative image-,
created by John Doe,
date 1/14/05,

Causes lookup table processing to be performed on received images
using the selected lookup table file. The resultant image will be
displayed in the main image window.
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Zoom in

Zoom out

Fit to window

25%

50%

100%

200%

400%

Zoom Menu

The Zoom menu allows the user to select various zooming and scaling
functions. The zoom menu can be invoked via the View item on the Menu
bar or by right clicking the mouse over the image window..

oo in Chrl+'+
Zoor auk Chrl+'-

Fit ko window  Ckrl4-0

Z5% Ale+4
S0%s flk+2
v 100%: Chrl4-1
200% Ckrl+2
F00% Chrl4+4

Causes the displayed image zoom to be increased. The user can hit the
‘Ctrl” and *+” keys or the icon from the icon bar as shortcuts.

Causes the displayed image zoom to be decreased. The user can hit the
‘Ctrl” and *-* keys or the icon from the icon bar as shortcuts.

Causes the displayed image to be scaled to fill the entire image window.
The user can change the image window by dragging is sides or corners.
Note that the Fit to Window function will maintain the aspect ratio of the
original image.

Causes the displayed image to be 25% of the original image. This scaling
factor will also be applied to the saved image files.

Causes the displayed image to be 50% of the original image. This scaling
factor will also be applied to the saved image files.

Causes the displayed image to be 100% of the original image. This scaling
factor will also be applied to the saved image files.

Causes the displayed image to be 200% of the original image. This scaling
factor will also be applied to the saved image files.

Causes the displayed image to be 400% of the original image. This scaling
factor will also be applied to the saved image files.
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Player Control

Clicking on the “Play Files’ item under the ‘File’ pull-down menu at the
top of the FrameLink Express main window causes two windows to
appear: the ‘Player Control’ and ‘Player Dialog’ windows. These windows
can be moved anywhere around the screen to suit your needs.

The Player Control window is used to select the pre-recorded image or
movie files that you wish to view.

Player Control
Image Size
(=) Full frame
(112 Frame
()14 Frame
Path:
CiDocuments and Settings', E]
Files:
HOODEE
Image Size Determines the size of the Player Dialog window and the playback image.

Changing from one scale to another automatically updates the Player
Dialog window and image size.

Path This text field allows you to enter the name of the folder or directory
containing the image or movie files. Clicking on the “...” box will cause a
Windows ‘browse’ box to appear.

Files This box lists all of the image or movie files that are in the folder selected
under ‘Path’.
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Rewind | Displays the first image in the series.

Step Displays the previous frame or image. Use this button to back through
Backwards individual frames of an AVI Movie. Play must be paused for this button to
work on AVI Movies.

Play Begins playing the AVI movie. If you are viewing JPEG or BMP images,
clicking this button displays a series of images (one after another) starting
from the current file selected in the Player Control dialog.

Step Displays the next frame or image. Use this button to advance through
Forward individual frames of an AVI Movie. Play must be paused for this button to
work on AVI Movies.

Fast Displays the last image in the series.
Forward

Stop Halts current playback.
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Player Dialog

The Player Dialog window appears when the user selects the ‘Play Files’
item under the ‘File’ pull-down menu at the top of the FrameLink Express
main window. The Player Dialog window provides the primary area for
viewing playback of pre-recorded images or movies. This window can be
moved anywhere around the screen to suit your needs.

The size of the window ( and image ) is determined by the size of the
image file selected in the ‘Player Control’ window and can be scaled using
the ‘Image Size’ option. For example, if the user selects an image file that
was produced by a 640x480 resolution camera, then the ‘Full frame’
window size will be 640x480. In this example, selecting “¥2 frame’
produces a window size of 320x240 and selecting ‘% frame’ produces a
size of 160x120.

Player Dialog @
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*

Chapterag

Electrical Interfaces

This chapter contains information on the FrameLink Express’s connectors.
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Camera Link Connector

The CameraLink connectors are shielded, right angle, through hole, 26
position, female, SDR ( shrunk delta ribbon ) style connectors. Two such
connectors are provided on the card. The first connector is used for a
Channel #1 Base configuration while the second is used for either a
Channel #2 Base or Channel #1 Medium configuration. Note that in the
Channel #1 Medium configuration, the second connector’s CC[4:1] and
SerTC/SerTFG signals are unused.

Pin #| Cable name Signal name
1 Inner Shield Inner Shield
2 PAIR11- CC4-

3 PAIR10+ CC3+

4 PAIR9O- CC2-

5 PAIR8+ CC1l+

6 PAIR7+ SerTFG+
7 PAIRG- SerTC-

8 PAIR5+ X3+

9 PAIR4+ Xclk+

10 PAIR3+ X2+

11 PAIR2+ X1+

12 PAIR1+ X0+

13 Inner Shield Inner Shield
14 Inner Shield Inner Shield
15 PAIR11+ CC4+
16 PAIR10- CC3-

17 PAIR9+ CC2+
18 PAIRS- CCl1-

19 PAIR7- SerTFG-
20 PAIR6G+ SerTC+
21 PAIR5- X3-

22 PAIR4- Xclk-

23 PAIR3- X2-

24 PAIR2- X1-

25 PAIR1- X0-

26 Inner Shield Inner Shield

Table 3 — Camera Link Connector Pin-out

Note that the Camera Link connector pin-out for the frame
grabber is 180 degrees rotated from the pin-out for the camera.
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ExpressCard Connector

The ExpressCard connector is a surface mount, right angle, 26 position,
female connector.

Pin #| Signal name In/Out Note
1 GND
2 USBD- I/0 not used
3 USBD+ I/0 not used
4 CPUSB# O not used
5 reserved
6 reserved
7 SMBCLK /10 not used
8 SMBDATA /10 not used
9 +1.5V
10 +1.5V
11 WAKE# 6] 3
12 3.3VAUX 5
13 PERST# I 4
14 +3.3V
15 +3.3V
16 CLKREQ# (@) 2
17 CPPE# 6] 1
18 REFCLK- I
19 REFCLK+ |
20 GND
21 PERNO O
22 PERpO O
23 GND
24 PETNO I
25 PETpO I
26 GND

Table 4 — ExpressCard Connector Pin-out

CPPE# indicates to the host that the card has been inserted.

CLKREQ# indicates to the host that the card is requesting that the REFCLK be provided. This is a
Power Management function and is not implemented on the FrameLink Express.

WAKE# is used to notify the host that it should re-apply power to the card. This is a Power
Management function and is not implemented on the FrameLink Express.

PERST# is a reset signal driven by the host to reset the card.

3.3VAUX is used to power the WAKE# circuitry. This is a Power Management function and is
not implemented on the FrameLink Express.
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Chapter V.

Specifications

Video Source Camera Link interface (Base configuration using a single 26 pin
connector or Medium configuration using two 26 pin connectors).

Base modes supported:
1x8, 2x8, 3x8, 1x10, 2x10, 1x12, 2x12, 1x14, 1x16 and RGB24

Medium modes supported:
4x8, 3x10, 4x10, 3x12, 4x12, RGB30 and RGB36.

Camera Link clock rates from 20 MHz to 85 MHz.

RS232 Serial interface ( per channel ) for configuring & monitoring
camera.

Four discrete camera control LVDS differential outputs ( per channel ) to

camera (CC1 to CC4).
Physical ExpressCard/54 : 108mm(4.28in) x 54mm(2.1in) x 18mm(.7in).
Dimensions
Weight 53.6 grams (1.91 0z)
Electrical Operating voltage: 3.3V +/- 5%
Characteristics Operating current: 500mA
Operating Operating temperature: 0°C to 65°C
Environment Relative humidity: 90% non-condensing
Regulatory FCC 15 part B, CE, RoHS

Page 71 of 75



APPENUIXNS

Clservce.dll

COM port
emulation

*

Serial Communications

The FrameLink Express provides a Camera Link compliant serial
communications channel. This is an ASYNC interface operating at a user
selectable BAUD rate ( set via the Camera Parameters dialog ), with 1
start bit, 8 data bits, 1 stop bit, no parity and no handshake.

Any standard camera configuration software can access this serial
interface by using theFrameLink Express’s clservce.dll file ( located in the
c:/WINDOWS/system32 folder for WinXP or c:/WINNT/system32 folder
for Win2000). The clservce.dll is fully compliant with v1.0 of the Camera
Link specification.

Alternatively, if the camera configuration software does not provide an
interface to the Camera Link clser***.dll but only supports standard COM
ports, then the user can invoke our VceComX.exe COM port emulator.
This software will emulate a PC COM port allowing any terminal
emulator or camera configuration tool to access the FrameLink Express
serial interface.

To create a virtual COM port, simply run the VceComX.exe program.
Then select the port number from the pull-down list and click on *Create
Port’. You can now begin using the virtual COM port in you terminal or
camera configuration software. NOTE: You must not exit the VceComX
program while it is in use. When you are done using the COM port, then
click on *Delete Port” and “Exit’.
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¥ Framelink COM port emulator E|E|®

Virtual port name: (S0 v

g Please, select the virtual port
name and press "Create port'".

Do not exit this dialog while using virtual COM
port. When done, press 'Delete port' to delete
virtual port and then press 'Exit’ to close dialog.

Create Port l [ About ] [ Exit
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Creating Look Up Tables

This appendix provides a reference on how to create a lookup table using
both an ASCII editor and an Excel spreadsheet.

The Lookup Table file can be created using any standard ASCII text editor
or by using Microsoft Excel. Additionally, any spreadsheet or
mathematical program capable of generating a comma delimited file can
be used.

A custom LUT ( lookup table ) can be prepared using any ASCII text
editor. Alternatively, any spreadsheet program (i.e. Microsoft Excel) can

be used by converting the spreadsheet into a comma delimited (.csv ) file.
In either case, the file must be renamed to include the .lut extension. The
Jut file has two main sections: a header and a table. The ‘header’ section
is a free text area of up to 256 ASCII characters. Each line of the header
section must be terminated in a comma. The ‘table’ section of the file
contains an array of 4096 lines with each line containing an input value
followed by a comma and an output value. The input values represent
incoming pixels and the output values represent what each incoming pixel
should be converted into as an output pixel.

-— Look Up Table input file example,
-— lines beginning with two dashes are comments,
-- and are ignored by parser,
“Header,

Function is "negative image”,
created by John Doe,

date 1/14/05,

zTable,

—-—input output,

0,4095

1,4094

2,4093

3,4092

4,4091

40950
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Using The .LUT file can be created in Excel as follows:
Microsoft 1 - create the spreadsheet as shown below ( note that 4096 rows are

Excel required in the table ).
2 - add the necessary equations into the output cells to generate the
transfer function required.
3 - save the file as a .csv ( comma delimited format ).
4 - rename the .csv file to an extension of .lut.

EdMicrosoft Excel - negative.xls
]Ii,s}'_ Eile Edit Yiew Insert Format Tooks Date Window Help Adohe PDF

DEES SRY IRt o- - &= & 33 03

|55 = )
E24 - =
A | B C D E | F |

== Look Up Table inpuk file example

-- lines beginning with two dashes are comments
-- and are ignored by parser

‘Header

Function is 'negative image’

created by John Doe

date 171405

Table
-- input output
0 4095
1 4094
2 4093
3 4092
4 4091
4095 0

— = = e e P e
Edndoosnmn DS @e oo
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