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1 SYSTEM DESCRIPTION

1.1 OVERVIEW

The purpose othis document is to give an overview of the test system wtiarhthe 2Mpxl machine visioimage

sensors produced by CMOSTIHis test system can be used for testing and verifying the operation of the

CM\2000/4000image sensor.

1.2 BLOCK DIAGRAM

200MHz clock

»
»

SPI interface

[

Sensor+ power
and biasing

FPGA + clock
generation

Camera Link Ful

+ Medium

16 LVDS outputs (@ 400 MH2)

Serial comm. channel - 4 x 10 bit, 12 bit or 8 x 8 bit

I I 2 cables with data

+ system conf

PC with Frame
grabber and imaging
software

The block diagram above displays the different parts of the ZMW0/4000test system.Thethree upper blocls are
implemented on one PCB.

Thefourth block is a standard third party frame grabber card which plugs ito/aQa t / L (SIB4205ara
this frame grabber and the PCB dedicated software has been developed in a LabVIEW environment.

1.3 CONTENTS OF THE TE8STEM

The following components should be present when the @B0/4000test system is delivered.

CM\2000/4000board with lens holder

2 Cameralink cables (2m)
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e NI PCI1429 frame grabber card (inside PC)
e Dell PC (precision workstation mini tower model) + software
e CD with documentation and software

1.4 CM\2000/4000B0ARD

1.4.1 LENS HOLDER
TheCM\2000/4000PCHs equipped with a Gmount lens holde. On tis lens holderoff-the-shelf Gmount lenses can
be fitted. The CM¥2000/4000image sensor requires 2/3 inch or biggemBunt lenses.

1.4.2 SENSOR POWER AND BIASING

This part of the tesboard includes the sensor, its power sources and biagdegoupling to ground). The sensaer
easily removable from the testoard because of the ZIF (zero insertion force) sodkkksupplies are set to a correct
value, but are adjustable using potmetersiécessary.

1.5 FPGA

The FPGA has 6 important roles in the test system:

1. Accept the LVDS data from tkensor (16 data channels @ 400Mbit/s, 1 LVDS clock channel @ 200MHz and
1 control channel @ 400Mbit/s)

Generate the necessary driving signals for the sensor

CGenerate the clocks needed by the sensor and CameralLink interface

Communicate with the sensor ovédre SPI interface

Communicate with the PC over the serial interface of the CameralLink

Prepare the data for the CameraLink interface

Send the data to the Canedtink interface together with the control bits and clocks

No oor~wbd

Taking the requirements above into account, heve choserXilinxVirtex4dFPGA for our test systerAll functionality
described in the requirements above is programmed into the FPGA. Communicatiwedn the PC and FPGA is
possible using the serial channel of the CameraLink interface.

1.6 CAMERAINKINTERFACE

The interface between the tedtoard (camera) and the PC usthe Cameralink standard. This standard is supported
by many frame grabber cards orhigh the raw image data will be dumpethe test board is able to grab images at
the 400Mbps. This means that 10 and 12 bit images are grabbed by the system at 400MHz per LVDS channel.

1.6.1 Low SPEED

In this mode, a partial image transfer is performed. Eaiglelpwill consist of 10 or 12 bit data. The 4 taps (12 bit per

tap) of the medium Camera Link will be running at 42 MHz to send 1/4th of the image to the PC. The sensor will run at
full speed (400MHz/channel) but only 1/4th of the image data is transfetoatie PC. This means that 4 images are
needed to compose a full frame. This means that the frame rate at which movies or snapshots can be made will drop
with a factor 4

C 280 fps/ 4 =70fps transferred to the PC.

For testing of the image sensor, thésduced frame rate will not pose any problems.
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Pc with framegrabber

T FPGA, accepting all data, accepting the image data and
sg eed (16 x 480MgHz) transmitting only 1/3th @ 64 composing a complete 10 or
P MHz over 4 CameralLink taps 12 bit image from 3

interleaved images
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2 HRAME GRABBERIDPC

A frame gabber card which can accept tidedium and FulCameraLink interfacevaschosen to complete the test
system interfaceTheNI PClel429 allovs raw image data to be dumped @t.8Gbit/s on the PCThis card is fitted in a
PCI Express slot of the test system PC and uses two dedicated cables to connect to 200@A0@0board.

The PClel429 frame grabber card consewith an APJwhich can easily be uskin LabVIEW. This API is used to
communicate with the frame grabber card and read the image from memory to display it on the screen.

Seehttp://www.ni.com/pdf/manuals/372015a.pdfor more details orthe PCle 1429 frame grabber card.

The PC in which the frame grabber card is inserted and on which the software is running has the following minimum
requirements:

e 2GHz processor (Xeon)
e 4 Gbyte DDR memory
e 160GB SATA hard disk
e 256MB graphics card

e 16x DVEROM

e PCiExpress slots

On this PC, the base version of LabVIEW and the vision development module will be installed. A dedicated
CM\2000/4000Qvi program is written to grab and save images from the camera board. A detailed description of the
software can be foud in the next section.
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3 INSTALLING THE SYSTEM

When installing the system, the following connections have to be made:

1. Connect the PC to its peripherals (keyboard, mouse and monitor)
2. Connect the PCB to a power supply (hook up +5V, -@@%and gnd) (Note: nka sure the three supplies
have a common reference)

3. /2yySOG GKS t/. G2 GKS t/ @Al GKS {Gé2 OFYSNI fAy]
OFYSNY tAy]l O2yySOiG2N 2y (GKS t/. f1F106StSR Wadleii2 (K
OYSRAdzYo (G2 O2yySOG t/. LENI WwWYQ (G2 (GdKS 204KSNJ TNI Y

connections.

Note:

The FPGA configuration is stored in an EPROM on the PCB. The FPGA is configured automatically when the power is
A6A0G0KSR 2y @ hy GKS t/.3%X GKSNB FINB (g2 LldzaK odzidizya i
0SSt SR WKNBASHA QLISNF2NY | &2 Fqif I NSSH SR 2PN Sk Se By BNtfe Qoo dzi (i 2
buttons.

© 2010 CMOSIS NVConfidential



CMV2006CMV4000 Version: v2

Evaluation Systenbescription & Manual
Page9 of 15

4 RUNNINGTHE SYSTEM

4.1 STARTING THE SOFTWARE
[23 2y G2 GKS t/ dzaAy3a GKS WRSY2 dzaSND | 002dzy i@ b2 LI

hy GKS 58a1i2L GKSNB A& | Ayl (2 (KEMRE0T2a +an2nfningdt NS ¢8
Double clicking this shortcut will laxeh the demo software.

4.2 SOFTWARE OVERVIEW

Next figure shows a screenshot of the demo software.

rﬂ&
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The four main areas of the software are:

1. Control area:The user can control the software (grab frames, save and load configurBitori S/&a a X 0
number of pushbuttons.

2. Reqgister settings areafhe user can set the registers of the sensor. The registers are grouped into a number
of tabs for better readability.

3. Image areaThe images acquired from the sensor are displayed in this image viewing plane.

4. Image statisics area:A number of image and software statistics are displayed here.

Next section will explain the different software functions in more detail.

4.3 SOFTWARE DETAILS

4.3.1 CONTROL AREA
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Image mode
STOP APPLICATION | 10b - Fullimage
GRAB SINGLE SAVE REGMAP SAVE CONFIG ‘
GRAB CONTINUOUS RELOAD FPGA LOAD CONFIG ‘

The 8 controls in the Control Area are:

1.

STOP APPLICATIOMton: Clickthis button to stop the application from running and exit to the labview+un

time environment. Then the window can be closed. It is required to use this button to stop the program,
instead of closing the window while it is still running.

GRAB SINGLtitton: Click this button to grab a single sequence of frames. The number of frames in the
4S1jdzSy0S Ara aSi Ay GKS WNBIA&AGSNI aSGidAay3aa | NBIFQod
updated.

GRAB CONTINUOUWStton: This button has the sameyfu QG A2y | & GKS WINIro6o aAiAy3dt SQ
that this button has a different latching action. By clicking it once, it will be enabled. As long as it is enabled,

the software will continuously request sequences of frames and update the image arhis mode is also

OFrff SR WOARS2 Y2RSQ® CHIARNNBLIOAKEA A RER YHRGETY ©Of R E
button to its disabled state.

SAVE REGMARitton: Click this button to save a register map to a text file. The registprthad is saved is

a 4by-128 array of ® A G O f dz84 NBLINBaSydAy3d (GKS NBIAAGSNI asSi
aStGiAay3a | NBI Qo -by-12&Krfap is Ke régRter NiBpéof tile BensbK Fhe other three rows are
registers to conol the FPGA.

RELOAD FPGAdzi 1 2YyY ¢KS aSGéGAy3a FNBY GKS WNBIAAGSNI aSii
incrementally. This means that a value is transferred only when it is changed by the user in the software.
¢KS WNEBf 21 R @tc®dd condplité tiaRsfeof ail ettifigs from software to the FPGA. This allows

the user to fully reconfigure the FPGA registers if needed (for example after an FPGA reset). During normal
operation, this button is not needed.

SAVE CONFIutton: By cliking this button, a configuration file can be saved. A configuration file is a
humanreadable version of the sensor register map. The saved text file has the same information as the
NEIAAGSNI YIHL) GKIG Aa al SR dza ggda dorigurati fle@$hathtBad Y I LI
0S8 NBft2FIRSR Ayid2 (GKS a2F0i6I NB dzaAy3a GKS Wi2FR 0O2y1
extension).

LOAD CONFIgutton: By clicking this buttora configuration file can be loaded into the tsedire. When this

Ada R2yS> it aSidAy3aa FNRY GKS WNBIA&AGSNI aShdAy3:
configuration file. The new settings are automatically transferred to FPGA and sensor (no need to click the
WNBf 2 R Ct D loadinglalicdngigyir&ion-file)i @iNJit is allowed to load a configuration file while in

video mode. The new settings will reflect in the images immediately.)

IMAGE MODBetting: With this droglown list, the image mode can be changed. At this moment, the
evaluation board only supports it mode, so the user may not change this setting.

Note: On the Desktop of the evaluation PC, there is an example of a configufiigig¢oalled CMV200Qonfig.txt.

¢ KAaA

TAES KIa 0688y &F OSSR dzAy3d (KS wal @S O2yTAd odziday

WE 2R O2yTA odzili2yQd ¢KA& O2yTFAIdzNI GA2igh. FAES O2yial Ay

4.3.2 REGISTER SETTINGSAARE
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#offames 1 1 | essas 2l o folfis)
monocheome | 1 o J 1 203 Joff1]
dualintegravon | 0§ o § 1 Jofja Ji1 1]
externalintegravon | 0 o 4 1 Jofl4 Joff1]
fotengtn | 10§ 1 | 255 Joff 7z Joffs]
integrationtmeevers | 1088 1 | 1o777215 2 ff 42 o ff 24
#ofsopesieveny | 1 1 f 3 J2ff s Joff 2]
ineepointifeven 1 1§ 1e7777215 §2 | 48 o ff 24
ineepoint2ieven | 1 1 | o715 J2ff 51 ffoff a4
bracketinglengthiever | 1 1 255 J2ffss Joff s
integrationstepeve) | 0 o | 1o77215 J2ff 45 o ff 24
integrationtimetos | 1 1 | 1o777215 J2ff 56 [foff 24
#ofsopesions) | 1 1 J 3 H2ffe Joff 2]
ineepoint1ons) 1 1 | o775 J2ff 62 o ff 24

ineepoint2oo) | 1 1 | o771 2| 65 o f 24 ]
bracketinglengthiod) 1 | 1 | 25 J2ff 65 Jolf s
integrationstentod | 0 | o | 16777215 2 |f 59 o f 24|

¢KS WNBIAAGSNI aSaidAay3aa I NBI Q O rggisterS frodzihd Bensorzan ®@&kdhafgeé | f f
FNRY KSNB® ¢KS NBIAAGSNE FNB aLX AG dzld 20SNJ y3I§ dA R dilJ?
are used most often. The other registers contain settings for fine tuning of the analog behavior of the sensor. Most of
these settings can be left unchanged by the user of the evaluation system.

Every register setting in this list refers toensor register (see data sheet for complete register map). The user of the

SOrftdz A2y aeadsSy Oly 2yfteée OKFIy3aS (KS WwW@rtdzSQ 2F GKS N
addresses (third column from the right) match the addrealsies in the register map in the datasheet).

Upon hitting the enter key after changing a value of a register, it is uploaded to the FPGA. Note that it is allowed to
change register settings while in video mode. The changes will reflect immediatetydispiayed images.
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4.3.3 IMAGE AREA

¢KS AYF3ASa GKFG FNB FOljdANBR FTNRY (GKS &aSyaz2N) NS RAALD
4S1jdzSy0S 2F FNIYSa Aa | OljdzANBRE (KS SyiGdANB OHENHMNBAX IAOF
be used to select which frame from the sequence is displayed.

Next to the image plane is a small toolbar with image controls. These can be used to zoom in the image and to select
region of interes{ROIl)contours for the image statistics. Kiigure shows this toolbar.

A

)
|}
{

|-
I

0N

!
I
i

A Ir
B

elolsla

Of these tools, the following 5 are most commonly used:

1. ZOOM When selected, the mouse pointer turns into a magnifying glass when moved over the image. Every
click will zoom into the image by 1X. When holding the SHIFdrkélye keyboard, the mouse pointer will
GdzNy AyG2 F YF3IyAFeay3d 3Jftraa sAGK + AYIffheWill ydza &
zoom the image out by 1X.

2. PAN When the image is zoomed, this function allows the user to pan thgémna

3. POINT ROAllows the user to set an ROI in the image of exactly 1 pixel. Click on the image to place the point
ROIL.

4. LINE ROMRIlows the user to set a line ROI in the image. Click on the image to set the first point of the line.
Hold the left mousekey and drag to where the end point of the line should be. Release the left mouse
button to place the line.

5. RECTANGLE Ra@llows the user to set a rectangular ROI in the image. Click on the image to set the first
corner of the rectangle. Hold the leftiouse key and drag to the point where the opposite corner of the
rectangle should come. Release the left mouse button to place the rectangle.

az2NB AYF2NNIGA2Yy 2y GKS whL adlridradaada Oy o068 F2dzyR Ay

4.3.4 IMAGE STATISTISSBEA
Next figure shows the image statistics area.

;;J-;E_ 48000
- o
26000 [ o Stdev
| 222824 Tot:#pix
Mirror i | Fullimage  ROE: # pix
|| Mirror y =L

J
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¢CKS WAYF3IS adlrdrada

1.

I NEI Q O2yarata 27FY

ax

IMAGE SELECTI®@bhtrol: If a sequence of more than one image is grabbed from the sensor, this control is

dza SR (G2 &St SO0 6KAOK 27FYIHXS NGB IAGE AGK RABYLR S E S)RAZVR G/
image of the sequence. If the selection index is larger than the number of framies G KS WA YF 38 | NJ
no image.

SAVE AMtutton: If a sequence of images is acquired, the entire sequence caavied s a movie with the

avi format. Click the button and select the path and file name for the movie (including the .avi extension).

SAVE BMButton: Click this button to save the images that are in memory as bitmap files. For every image

of the sequene that is in memory, two bitmaps will be saved. One with the highest 8 bits of tid ifiage

(called _msb.bmp). and one with the lowest 8 bits of the sambifldmage (called _Isb.bmp). To save the
OAGYIFLIAS OtAO1 2y GKS 4ha cod&t pathyadd engzialinangeldd the/imaas3 I G S
(without the .bmp extension). The software will add the frame number, Isb or msb indicator and .bmp
extension to the name that has been entered for every bitmap that will be saved.
MIRROR:heckboxesThesecheckboxes can be used to mirror the image in x and y direction. (Note that this

is a software mirror function and has nothing to do with the reg_mirror_x and reg_mirror_y registers of the
sensor).

HISTOGRAMShows the 1it histogram of the imagé K § A& RA&ALI F @SR Ay (KS WA
section for explanation of ROl image statistics)

AVERAGE and STANDARD DEVIAB@N the average and standard deviation of the selected image-in 10

bit values. (Note: see next section for explaoatof ROl image statistics)

PIXEL COUNatistics{ K26 G(KS (201 f ydzYoSNI 2F LIAESt&E Ay GKS AY
the amount of pixels in the selected statistics ROI. (Note: see next section for explanation of ROI image
statisticy.

ERROR MESSA®Ean error occurs during image grabbing, it is reported in this error message window. If an

error message occurs, check if the camera link cables are plugged correctly and if the sensor is plugged
correctly. These are the most commasusces of frame grabbing errors.

4.3.4.1 IMAGE STATISTICSR®IMODE

By default, the image statistics apply to the entire image. |If statistics of certain areas in the image are desired, the ROI
functionality can be used. If an ROI is placed on the image atitits that are displayed (histogram, average and
standard deviation) are of all pixels that are defined by the ROI.

Next figures show examples of the ROI results for different ROIs on the same image. In the examples, note histogram,
the average and stadf NR RSOAL A2y @I tdzS&a FyR (KS WwhL | LAEQ @I fd
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Rectangle ROI
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