Features

3-CCD[Prismatic[ColordlinescanCamera
High3ensitivity@ndHigh[SNR[Performancellinear[CCD[$ensors
1024Pixels:10XA0GMGrA4XA4Hm
2048[Pixels:[A0XMA0MHmM
ExcellentlCCDI[Alignment[Accuracy
CameralinkDataFormat{BaselConfiguration)
Data[Rate:[200r3B0Mpixels/s
Dynamic[Range:8-0r10-bitlChannel
SinglePowerZupply:20fo[36Vdc
Easy[CameralControlwith(ProgrammablelSettings
MemoryforStoringipfoBOConfigurations
High[Reliability FCERAndFCC[Compliant

Description

Thel[AKYLAs[AaOugged,highlperformance,fullydigital,[¢olordinescan@ameralfor
demandinglihdustriall@pplications.(Itlihcludes[ahigh@ccuracy3-CCDIlarchitectureWwith
alchoice[of[@ither[1024[0r(2048pixelSensorslatSpeedsofupfo30mmillionlpixelsiper
second[perl¢olorlchannel.[The[AKYLAGameras[arel@ptimizedforhighlSensitivity@and
preciselgolorfecognition.

Applications

e Weblhspection

e InspectiondfMaturaliMaterials(llike[Food,Wood,[@Ore,MineralslandLumber
* Recycling

e Quality[Controllih®Printing[Processes

e Texture[Recognition

Y (F)

CameralLink™
3-CDDI[Color[]
Camera
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Camerall
CharacteristicsU  taplen.mrameraTharacteristicsverview
Overview Parameter Value Unit
Sensor[Characteristics@tMaximumPixel[Rate
Twolpossibilities Model20MHz Model[30MHz -
Resolution 1024 2048 1024 2048 pixels
Max(line[atelih[parallelihode 18 9.4 27 14 kHz
PixelSizel{square) 10 14 10 10 14 10 pm
Antiblooming x50 -
Radiometric[Characteristics
Dynamiclrange 810 bit
Spectraldange 350750 nm
Non[Linearity <0.1 %
Typicallgainfange Gmin Gmax
0 27 dB
Typicallpeaklfesponse 100umipitch | 14mipitch | 100mipitch | 14{imipitch
Red 10 26 240 624 LSB/nJ/cm?
Green 5.4 14 130 338 LSB/nJ/cm?
Blue 4.1 10.7 100 260 LSB/nJ/cm?
Mechanical@nd[ElectricalIhterface
Size[WXARM) 115106140 mm
Lensihount F -
Sensoralignment <R2ax,0.1{ypical pm
PowerSupply DC,[Single20{b36V \%
Powerldissipation <26
Operatingfemperature 5[b35[(nonldondensing) °C
Storagelfemperature -10{bB@5[(nonléondensing) °C
Spectral[Response
g 120
$ 100 2
2w / T
£ 1\ / \
) —— - \
o 20
E 0 / \\
¢ 350 400 450 500 550 600 650 700 750
Wavelength (nm)
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Precautions
ReadiheManual

DoMNotDropld
Camera

Keep[Foreign[
Matters[@utside
the[Camera

Cleaning

DoNot[@Openlithel
Camera

Ventilation

Storage

Electromagnetic
Fields

Transporting

5303A-IMAGE-03/11/03

Pleaselfeadthelmanualldarefullybeforesingfheldameraforhelirstiime.

Theldameralis@lSensitivelopticalldevice,handleWithdare@t@llfimes.Domotldropfheldamera
and@voidechanical8hocklibtheldamera.

DoMmot8pillliquidsionihel@damera.Theldameralismotdiquiddrivaterproof.

DoMmotldroplietallicldbjectslintofheldamera.Thislthightldause@short-circuitiandldamageihe
camera.

Keeplihelshadel¢aplonfheldameraheadivhenlitlis[hotlniseolavoidcontaminatinghe
prism.

ItlsMecommended(fhatiheléameralbelserviced Dy AtmellifihefrontSurface ofEtheprismls
veryldirtybecauseihelSurfacel@arealoflthelprismidannotbefully@ccessedfromihelfront.

Ifthere@re3mall@mounts[ofldcontaminantsioridustionihelprism3urface,liselaldleanintfree
cottonSwaborldtherhon@brasivelinediumidippedlinlacetoneldrpurel@lcohololdleanihe
prismSurface.[Shakeléxcess[solventldffibefore@ouchingfheSurfacelofihelprismioavoid
streaking.[Atmellkmotfesponsiblefor@ny$cratcheslorldamagelinflictedbyfhedustomer(io
thelfrontSurfaceloftheprism.

Toldleanlfheléxteriorldasing(ofitheldéamera,lise@sSoft,[dryldloth.IhldaseldflSeverelStainsuisela
smalll@amountoffpurel@lcohollorlisopropyl@lcohol.[Dolhotliselacetoneldrldtherolatilesol-
vents[Suchlasbenzenelorthinners.

Dolnotldpenléamera.Thelvarrantylofifhel¢ameraléxpiresiimmediatelyliponlopening.[Only
authorized(Service[personnellhay@penliheldamera.

Allow[Sufficient@ir(@irculationlaround(iheldamera.Iflthis[@onditionfis[hotlhet,[the[dameralmight
shutldownlduringloperationbecauselitlis[designedioldo[solih[orderoprevent[damagefolihe
opticallassemblies[Sincelafurtherlfemperaturelincreaseayldamageltheldamera.

DolmotlStorefheldameralinlfemperaturesiover[#55°C.[Therelis[@lpermanentfemperaturelindi-
catorlihsidefhel@amera,Which[islihstalledfoleénsurefhatlifithe[dameralisidamagedduelibldver
temperature,ftheWarranty(ofthe(dameralthayBbeNoid.

Dolnotloperatelfheléameralihfhe¥icinity[0f(Stronglelectromagneticields{abovelfhefequire-
ments[of{CE[Gonformity).Thishayldauselérroneousoperation(ofltheldamera.

Transportltheldameralinlitsloriginallpackaging.dffheloriginalipackaginghasbeenldiscarded,
packageheléameralwith[¢arelinfalthicklayer[of(soft,[preferably[anti-staticlinateriallvhen
transporting.[Do[notiselinaterialfhatf@llowsfheldameralfofallfofhebottomofthepackage
whilelfransporting.[Domotfransportiwithldptics@ttached.
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Standard
Conformity

CE[Conformity

Camerall
Overview

Color[$Separation

ATMEL

Theldameras(havebeen(festedlihihelfbllowingldonditions:

e ShieldedlpowerSupplydable.

e CameraLink(™[datalransfer(¢ableref.(14B26-SZLB-500-OLC{3M).
e LinearfAC-DCIipowerSupply.

* Atmellfecommends(usingfhelSameldonfigurationiblénsurefhel@dompliancewithfhe
following[Standards.

AKYLA[Cameras[@éomplylithfhefequirementsofithe [ EMCI(European)(directive[89/336/EEC,
EMCI{ElectromagneticlCompatibility). Weherewith[declarefhatfhisproductidcompliesiwithfhe
following[provisions@pplyingdblit.

e Emission[CISPR22[{1997)
e ImmunityTIEC[61000-6-2[(1999)

ThelihcomingllightlisSeparatedibfhreel(Red,Green@ndBlue)GolorlimagesBy@nRGBHeam
splitterf{Figurel).[ThelSpectralldistributiondfléachldolorlis[Standardized@andvellknown. By
attaching@[CCDoleachofltheseldolorldutputs, litlis[possiblefoneasurefhelintensitylofléach
colorlimage.

Figure[1.IRGBIColor[$eparationBeam[Splitter

Green

Blue
Red

Incoming light

ThelCCDs@re@lignedibleéachdtheriblgetiheperfectimagedfifhefhreeieasureddoloricom-
ponents.[Alllhree[CCDsZeeléxactly@he$amelarealofiheldbjectlatlihesamedime.
Correspondingpixelsiof@liithreeSensorsareerypreciselypositionedopticallyihfheSame
placel(Figure2).[Thisihakes[theldolor@nalysisSimpler@ndldoes(hotequire@nyineatching
orl8ynchronizing.TheMesolutiondffheldameralisthelSamelas(forithelihdividuallCCD@rray.

Figurel2.MAlignment6fithe[CCDMinearlArrays
3x CCD

DoOdojoooo

RGB color line

4 AKYLAMD?20/301010/1014/2010[CL m———
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CameralOperation

5303A-IMAGE-03/11/03

ThelCCDslgonvertlthelihcominglightiblelectricalldharges.Thel@mountdf[chargelgeneratedlin
eachoffhelindividualpixelslis[directly(proportionaldofhelintensityoflightfheyfeceive.[The
resultingldhargepacketslaredfransferredlintofwohigh-speed[CCD$hiftlegisters@ndirans-
ferredolihedutputl¢harge-to-voltageldonvertersiofifhe [CCDs.[Theldutputl¥ideoldgeneratedlis
CorrelateDouble[Sampled{[CDS)@ndfheMesultis@mplifiedbythellser@ccessibledainfactor
priorfoldigitizationfo10-bit.

Figurel3.ICameral$ynoptic

‘ﬂ Temperature Voltage
monitoring monitoring

CCD
Ctrlin

CTRL
Ctrl out

CCD

Data out

CCD

il
i

R

0SsC bDC

ThelAKYLABamerasloperatelihalono-shotinode.ForleéachrisinglédgeloffheMewLinelSig-
nallfheldameralfespondsbySendingloutiheldigitalldatalStream[0fthepreviousléxposureime.
Theldutputlfrequencylis[d¢onstant.[Theldistancelih@imebetweeniwoNewLinelédgesidanbe
setlfb@nyalue@bovelthelSpecifiedninimum.Theeciprocalofthisdimelistheline Mate[(Hz).
Otherlprogrammablefunctionslihclude:

« ColorléhannellSpecificlprogrammableléxposureldontrol

e Colorl@hannelSpecificiprogrammablel@analoglgain

« ColorléhannellSpecificiprogrammableldigitaldain

e Programmable(offset

* Retrievalloffhe[PROMNersionumber

* Non-volatilememorybanks[for(programmablelSettings

AIMEL 5
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Figurel4.[RelationshipbetweentheDataOutputi@ndMewLine[{(CC1)Fignals

Line scan period

Line 1 Line 2 Line 3

e | | \ J \ |

(ccu)

Theléffectivelintegrationfimelcanbelmadelshorterfhanihe@ctualdinescanperiod{time
betweenl@woltonsecutiveNewLine[pulses)byoldingihe ExpCtrlICC2)Signalihlis(active
stateWintilfhe beginningloflihe@argetedlinterceptioniperiod. Withinthedinescanperiod,Wwhen-
everlihe[ExpCtrlihputlisheldlbw,moléhargedanbeldollectedlihtofhelpixels.Thislsvhyihe
actuallintegrationime(isfhelimeSpanbetweenihe({last)Tising[@dge @fthe ExpCtrlihputSig-
nall@andihemext(fising@dge0flthe MewLinelihput.

Figure[B.[line[Rate@ndnhtegration[Time

N Line scan period N+1
NewLine

-

ExpCitrl \

Integration time

Pixel strobe \_J \_J 1 S \_

|
g
s (e X o X 2> (e X AHo——~ =X

Data read out

Thewolostidommon(modesofloperationlofllinescanldameras(arefree-runimodeldrléncoder
input-drivenmode.

Inffhelfree-runinodebothfhedinescanperiod@ndihelintegrationdimel¢anbepreciselyldon-
trolled.Buthflfthelinescan(periodiisdeterminedBy[@éncoderlihput,fhelintegrationfimedanbest
belkeptldonstantByusingfheléncoderlihputpulseforigeneratingfheExpCtriSignal.[The MNew-
Line[pulselisisentlafterfal¢onstantldelay{refer@oIExposureControllModel{Address[T6)"on
pagel29).

The[AKYLAGameralis[¢onstantly[monitoring[@llthelinternal[SupplyYoltages[andihelinternal
temperatureloffheléamera.[TemperatureWarningsléanbelmonitoredtiafhellEDs(atfhe[fear
panellandhe[TemperatureldutputSignallofifheldataldonnector.

AKYLAMD20/30(1010/1014/2010[CL m——s—s—
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AKYLAM30[1010/14[CL

Figure[®.[ParallellColor[ChannellMode,[30MHz[perChannel3Version:[1.2[3Date:[5/27/02[FPROM:[B04

_ T1~>‘ < T2
NewLine
. ( C
input 7 7
T3 T3
Change of line r P ¢
i 2 7’
internal Ta T T4 T5
ExpCitrl | . . ‘
input T6 / /
Line Valid ¢ [4
output | ’ 4 [
T8—> |«
Pixel Strobe T
e LTLILP L (LU A
T9
I
Data 29-0 CXEX® (RzXn-nX WX
N =1024
Figure[7.0TimingDiagram
T10
‘Tll .
Pixel Strobe / \ \ / \
T12
Data29-0 _i-2 X___i-1 i X+l X
Table2.MAKYLAMN010/14[CLF30MHz
Symbol | Parameter Min Nom Max Unit
T1 NewLinedbw 0.05 10 - us
T2 Linescan(period 37 - - us
T3 Delayfb[Changeoflline 0.58 - 0.7 Us
T4 Integration[Time 2 - - us
T5 Delay{boExpCtrl 2 - - us
T6 Delay(iblineWalidhigh 1.36 - 1.48 us
T7 LineValidbighibfirstdata - 17 - us
T8 LastldataffblineValidTow - 16 - us
T9 Transfer[Time - 34 - us
T10 Pixel($trobelperiod - 33.3 - ns
T11 Pixel($trobelbw - 17 - ns
T12 DatalSetup[Time - 14 - ns

AIMEL 7
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AKYLAMM30[R2010[CL

Figure[8.[ParallellColor[ChannellMode,[30MHz[perChannel3Version:[1.2[3Date:[5/27/02[FPROM:[B04

. T [« T2
NewLine ( 4
input ) 7
T3 T3
Change of line r . .
internal /’ /
T4 T5 T4 T5
ExpCitrl | ( ¢ I
input T6 / /
Line Valid ¢ [4
output | ’ 4 [
T8 |«
Pixel Strob e
ixel Strobe
e LTLILP LT (LU s
T9

I
Data 29-0 COXEOEED 5 (=) O &

Figure®.TimingDiagram

T10
T11
pixel Strobe /~ \ \ / \
T12
Data29-0 _i-2 X___i-1 i X+l X
Table3.MAKYLARO010CLE30MHz
Symbol | Parameter Min Nom Max Unit
Tl NewLinebw 0.05 10 - Us
T2 Linescan(period 71 - - us
T3 Delayfb[Changeoflline 0.58 - 0.7 us
T4 Integration[Time 2 - - us
T5 Delay{oExpCtrl 2 - - us
T6 Delay(iblineWalidhigh 1.36 - 1.48 us
T7 LineValidbighbirstidata - 17 - Us
T8 LastldatalibdlineValidTow - 16 - us
T9 Transfer[Time - 68 - us
T10 Pixel($trobelperiod - 33.3 - ns
T11 Pixel($trobelbw - 17 - ns
T12 DatalSetup[Time - 14 - ns

8 AKYLAMD?20/301010/1014/2010[CL m———
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AKYLAMM201010/14[CL

Figure[10.MParallel[ColorlChannelMode, 20MHz[per[Channel3Version:[1.0=2MDate:[5/27/023FPROM:B05

. T1 [« T2
NewLine *‘ - -
input 7 7
T3 3
Change of line r . P
internal / /
T4 T5 T4 T5
ExpCtrl | ( ¢ I
input T6 / /’
Line Valid ¢ C
output | ’ 4 [
T8> [
T7—|
Pixel Strobe
o LML LT (MM s
T9
r
Data 29-0 CXEX® (R2XNnX WX
N =1024
Figure11.0TimingDiagram
T10
T11
Pixel Strobe / \ \ / \
T12
Data29-0 _i-2 X__ i-1 i X+l X
Tabled.MAKYLAD010/14[CLEFR20MHz
Symbol | Parameter Min Nom Max Unit
T1 NewLinedbw 0.05 10 - us
T2 Linescan(period 56 - - us
T3 Delayfb[Change0flline - 0.76 - Us
T4 Integration[Time 2 - - Us
T5 DelayoExpCtrl 2 - - us
T6 Delay(iblineWalidhigh - 1.9 - us
T7 LineValidbighibirstdata - 26 - us
T8 Last[datalibdlineValidTow - 24 - us
T9 Transfer[Time - 51 - us
T10 Pixel($trobelperiod - 50 - ns
T11 PixellStrobelow - 24 - ns
T12 DatalSetup[Time - 23 - ns

AIMEL 0
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Figure12.MParallel[ColorlChannelMode, 20MHz[per[Channel3Version:[1.0=3MDate:[5/27/023FPROM:B05

NewLine
input

Change of line
internal
ExpCitrl

input

Line Valid
output

Pixel Strobe
output

Data 29-0

10

Tl*{ -« T2
( C
7 7
T3 T3
r réd C
7 PJ
T4 T5 T4 T5
—_— ( C |
7 7
T6
( C
_ ,, —
T8—> [«
o A Hgighi
T9 R

L
COXEEED (XX N X )

N = 2048

Figure13.0TimingDiagram

T10
_T11
Pixel Strobe /_\ / \
T12
Data29-0 _i-2 X__ i-1 i i1 X
Table3.MAKYLAR010[CLEF20MHz
Symbol | Parameter Min Nom Max Unit
T1 NewLinelbw 0.05 10 - us
T2 Linescan(period 107 - - us
T3 Delay(fb[Change[of(lline - 0.76 - us
T4 Integration[Time 2 - - Us
T5 Delay{boExpCtrl 2 - - us
T6 Delay(iblineWalidhigh - 1.9 - Us
T7 LineValidbighibfirstdata - 26 - us
T8 Lastldataffo(lineValidTow - 24 - us
T9 Transfer[Time - 102 - us
T10 Pixel($trobelperiod - 50 - ns
T11 Pixel($trobelbw - 24 - ns
T12 Datal$etupTime - 23 - ns

AKYLAMD20/30(1010/1014/2010[CL m——s—s—
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Electricald
Interface

LEDOnhdicators

Allithelelectricalldonnections[dfithe[AKYLA[Golorlinescanl@dameralareadeNialtheearpanel.
ThelfwolCameraLinkldonnectors@rellisedliblinterfacefoléommerciallCameralinkframelgrab-
berboards(orfhelisers'ownlélectronics.

AllSignals(arelavailablelonihefivolCameraLinkldonnectors.Thelihterfacelisldesigned(accord-
ing{ol$pecificationsloutlinedlihfhe[CameraLinkiStandard{October2000).[Pleaseleferfolihe
standard[on(Signallevels,[@abling[étc.

ThelStandardRS-232[interfacelistisedforimodifyingfheparametersiofitheldamera.Forlihe
detailslonfhe[RS-232[$UBD9[dabling, eferfofICommunication”[0n[page(26.

Fourlihdicator{LEDs[{ontheleftthand(Side)Show(fheStatus(ofthe[damera.

Figure14.MRear[Panelllayoutfor[CameraLinkModels

.
@

IF-BROKEN

. Void

Table[6.IILEDIndicator{Descriptions

LEDIhdicators Color Description
PWR Green On:[PowerlihputlOK
On:Mormall@peration
Off:1)[Thefemperaturelimit((+55°C)hasbeenéxceeded@nd@ameraldoperationfhasbeensShut
RUN Green down.[Afterfhe[@xternalfemperaturehasfallenlintofheSpecified@ange, Bwitchfhepower
OFF@ncel@andfhen[ON[again.
2)TheléameraldidnotStartipproperly.[Checkihelihputpowerlines, the[PWRILED@AndIhe
position[aflthelinternal[PROM[{ifyouhavelustidpgradedhel@damera).
PWRIERR Red On:[Atllkrastloneloflihelihternal Supplyoltageshas(failed.
On:[WarningfhatfhelihternalfemperaturelisfboMigh.Iflthedameraldoolsdown, The [LED Will furn[off,0]
TMPIERR Red butlifithefemperaturelfisesfurtherfhedameraillbeShutdownl@andemainiSountilfhebextO

power-up.

5303A-IMAGE-03/11/03
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Powerlhput

SupplyWoltage

SupplyCurrent

Ripple

RS-232%erialld
Connector

ATMEL

Cameraldonnectoriype:[Hirose[HR10A-7R-6PB{male).
Cableldonnectorlfype:Hirose[HR10A-7P-6S({female).

Table7.[MPowerSupply[ConnectorPinout

Pin Signal Pin Signal
1 PWR 4 GND
2 PWR 5 GND
3 PWR 6 GND

Figure15.MReceptacleViewedfromBehindihe[Camera

1 6

ThelAKYLAGameras(operatefrom@sSingleSupplyNoltagedfidominally24Vdclatiypically[300
to[1000mA, [dependinglonthelinodeldfloperationandihe@xternalferminationsiofiheldutput
signals.

Thenaximumpowerl@onsumptionis26W.Forlbwdrequencylinelipples({lessihan120Hz)
+10%(Iipplelislacceptable@sibnglasiheioltagellevelStaysbetween20o36Vdc.

Nominal:(24Vdc
Range:20{b[36Vdc

Typically:[500fo[1000A
Maximum:[1.1A[{at24Vdc@and@tipower-up)

+10%[(max[120Mz):[Woltagelevell(=mominal FTipple) hustStaybetween20{b 36V

TheRS232[¢onnectorl¢anBefoundlonihefearpanellofthe(camera.WselalStandardSocket
type@-pinD-connector({i.e.[AMP[344643-1){brtheldameralSide.

TableB.IRS-232Serial[ConnectorPinout

CameralSideD9[Connector PCI[SideD9[Connector

Signal Pin Pin Signal

TD[{TransmitData,Butput) RD[{ReceiveData,lihput)

RDI[{ReceivelData,lihput) TD[TransmitData,@utput)

RTS[{RequestTol$end,0Output) CTSI[(Clear[Tol$end,lihput)

CTSI(Clear[Tol$end,ihput) RTSIRequestTol$end,Butput)

g0 | N[N | W
\%
g | N |00 | w N

SGI(SignallGround) SGI{SignalGround)

12 AKYLAMD?20/301010/1014/2010[CL m———
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DatalConnector

5303A-IMAGE-03/11/03

TwoMDR-26[donnectorshandleldataldommunications@siSpecifiedlinlthe[CameraLinkiSpecifi-
cations.[Theléconnectors(arellabelled[CL1@ANdICL2.[For24-bittRGBlimages,onlydheirst
connectorlisfequired.[Thel$secondl@¢onnectorlk[neededfor(allldther(selectableldataldutput
modes.[Onlhel@dameralSide,dables(canbeSecuredwith(@itherScrew-locks[orlatches.

Forldabling,feferfofheCameralLinkSpecifications.
AllfhelihputSignalslarelihternallyferminatedby[100Q[fesistors.

Alldheldutput$ignalsishoulde@erminatedespectively{one100Q[fesistorl@éonnected
betweenlthepositivelandegativeWireldfl@éachSignallpair).

Table@.IDatalConnectorPinout

Parallel
Base DualBase Medium
24-bit 24-bitFISB 30-bit 30-bit
0 2 2 0 0
1 3 3 1 1
2 4 4 2 2
3 5 5 3 3
A
4 6 6 4 4
5 7 7 5 5
6 8 8 6 6
7 9 9 7 7
0 2 2 8 8
1 3 3 9 9
2 4 4 - -
3 5 5 - -
B
4 6 6 8 8
5 7 7 9 9
6 8 8 - -
7 9 9 - -
0 2 2 0 0
1 3 3 1 1
2 4 4 2 2
3 5 5 3 3
C
4 6 6 4 4
5 7 7 5 5
6 8 8 6 6
7 9 9 7 7

AIMEL
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Table@.[DatalConnectorPinout{{Continued)

Parallel
Base DualBase Medium
24-bit 24-bitFISB 30-bit 30-bit
0 - 0 0 8
1 - 1 1 9
2 - 0 2 -
3 - 1 3 —
D
4 - 0 4 4
5 - 1 5 5
6 - X 6 6
7 - X 7 7
0 - - 8 0
1 - - 9 1
2 - - 2 2
3 - - 3 3
E
4 - 0 4 4
5 - 1 5 5
6 - X 6 6
7 - X 7 7
0 - 0 0 8
1 - 1 1 9
2 - 0 2 -
3 - 1 3 -
F
4 — — — —
5 — — — —
6 - - - -
7 - - - -

Note:  Thelgreyboxes[arebits[thatlaremotlised, Dutivhich[@representlduefofhehardware Wiringof
thel@éameral{copies[ofldutputlpins).

AKYLAMD20/30(1010/1014/2010[CL m——s—s—
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Mechanical[

Structure
Mechanicald Thelnechanical$tructure@ffhe@ameralprovides@tompactentity ThatineetsThelTigid
Dimensionsand[] demandslofihelindustriallénvironment.[Thel@luminiumicameral¢aselprovides@nléxcellent
Mounting©ffhel electricallprotection@gainstléxternall@lectromagneticlinterference.Vhen(Selectingtheldompo-
Camera nents,[dorrosion(resistant(propertiesiwerelalsoléonsidered.
Theldameraléanbelinounted@romhedrontipanelldrfromihelSidepanelldfifheldamera.The
recommendedivaydoountdheltameralisfoisefhefhreeM5holes,Wwhichlare$ituated
aroundheldpticsionhelfrontpanel.
Figure[16.0MechanicalBoxDrawing@ndDimensions
106
74
64 139.6 |
i [0 2 depth 5
@ i @\ 2 pcs T
|
. A
o
3 g | O b L
1l
§ ) 147.6
M5 depth 7
4 pcs
Attachmentfor TherelisAdockingdatchlihfheMikonbayonet.[Theldptics[are@ttached byfurninglit{ca.[1/4
Optics rev.)[@ounterlélockwise,Seenfromthefrontloffhelcamera,intilfhelatchriseslihtofhe Wipper

position.When[detachingtheloptics, firstipushhelatchfowardsfhefrontpaneldfitheldamera
andfhenfurniheldpticsiGlockwise,@gainiSeenfromfhefrontldfithel@damera,mntilfhedpticslare
releasedfromlhedayonet.Thelopticshaythenbepulled@wayfromheldamera.

AIMEL 15
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Opticalld
Considerations

SpectralResponsel] Figure7.MSpectralMistributiondffhe[RGBITolorBeamSplitter
oflfheBeam

. 100
SplitterPRISM | __
80 / BN
s [ AN
= / \
s 1 \
§ 40 / \\
IS A 1
T 20 \\ T
0 N .-
400 450 500 550 600 650 700
Wavelength (nm)
blue green red

Thelgraphlih(Figure17Showsiheéffectoflfheprismliselflatiéachilvavelength.[Transmissivity
isiwelllbalancedbothlihfheSenseldfipeakesponseslasiwell@sibtal@mountioflightipassedib
thelSensors@atléachivavelengthl{sumiofthelfhreelSeparateldurves).This@llMesultsinléxcel-
lentldolorSeparationidomparedibrilinear(CCD[Sensors.

Figure[18.BpectrallResponseldf[AKYLACameras
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Selection[of[Dptics

Modulationransferd
Function
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ThelgraphlihFigure18(isbasedldnSpectralifransmissivitymeasurements[ofithebeam(Splitter
prism@nd(helSpectralSensitivity[6ffhe[CCDs.

Channelshaveeenimatchedbyselectingfhelgainsiofitheléhannels.[Theangeoflthe[dains
themselves(areelativelydarge[{typically1x{o15x).dn[addition, [digital[dains{shifting [of(bits)
arelavailablefor1x,2x,[dx@ndBx[dain[Goefficients.

Forléxample,lwithléquallgainsfon@llhechannels{atthighlgains, Butot@atimaximum),ihe
responses(ofithel¢hannelslihfermsoffhowlinanyphotonsiheedfobefeceivedfolcauseldne
levellhigher10-bitmumberib@ppear@niheldigitalldutputsibrialcamerawith[10[umSensors:

 Red: [A3[photons/LSB
e Green: [20[photons/LSB
e Blue: 22[photons/LSB

Theldhoiceldflopticslaffectsihelpicturelqualityihfermslofifesolution,field6fiew, [depthdfifield
andl@mountofllightingheeded,justiomame@fewlfactors.[TheSelectionldfldpticsidanhavela
dramaticléffectidnlimage(quality.ThislisWhy@DBasiclinderstandingdfiopticslisfequired. Ihfhis
section@fewlguidelineslarelpresented. s Wpibiheluserioimakefinalldecisionslandlévalua-
tionslasbWhat@pplicationlSpecificidequirementseedibbe fulfilled.

Lens8ystems[danVary@lbtlihfermsoflimagelquality. [Quality[danbeldharacterizedlihferms[of
ModulationTransferFunction[MTF).[MTFgiveslalineasurementloflhowuchdontrastlisleft
betweenfwoldetails[{usuallyblack@andiivhite[pairsoflinesperinm)@fterfheylhavebeenpro-
jected.dnlgenerallitls[definedlasidelitydffhelmagelin[écomparisonfofhelbbjectbeing
imaged.

MaximumMTFOk[1.0,butlduedolopticalimperfections@nddiffraction, fhisls[impossibleo
reach.MTFAtlarge@pertures({f1.0[=2.8)s0imitedBydpticallimperfectionsihatvary@lotfrom
lensfiblens@ndmanufacturer.fAtiSmall@pertures((f11-f32+)Iensperformancelislimitednore
bydiffractionfhan[opticallduality,[Solihfhis(¢asefherel@relninorldifferencesbetweenlenses
andhanufacturers.MostlkensesproduceBestfesultsl@round@pertureSize 8.

Figure19(shows[fwolSamplelgraphsof@iypical,Fairlquality[30nmiensatiwoldifferent@per-
tures.[ThelgraphsidemonstrateWarious(@spectsidiscussedlihfhisSection.[TheyepresentMTF
in(percentl{y-axis)for(threeldifferentlinefrequencies[®f(10,20@nd[40Ip/mmIFromopHoot-
tom{IpEdinelpairs).[Thel$oliddinesepresentisagittal[{radial) IMTF@AndZheldashedllines
tangential{circular) MTF.OffheSagittalland@angentiallinepairs[domotdoincide,fhislihdicates
aberration,Such@slastigmatism.TheX-axisfepresentstheldistanceoffromiheléentreloflthe
imagelibhelédgelihillimeters.

TheléffectldfIMTFs[applicationldependent.lfiVerySmallldetails[@refobeléxaminedlorfine
colorSeparationfobeperformedbyfhelimagelprocessingsystem,MTFnightplay@nlimpor-
tantlrolelihfhe@pplication.
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Figure19.IMTFHoraB0mnmOpticlatTwolAperturesf@andDifferent[SpatiallineFrequencies
(Graphs[Kindly[providedBy[®[Photodo[AB,[Sweden)
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IftheIenshasield¢urvature,litiwillShowlipihihe M TFplotasMTFdroppinglawayfromlthe
centre[oflthelimage.[©bservingheplots,fitlislévidentihatfhislisfruelofiwiderlaperturesihat
have@Smallldepthlofield.Thisldoeshothecessarilyineanihat3harpnessisivorselatihe
edges.Iiihay(justlasiwellBefhatdptimalfocusioridbjectsGloselibiheleédgelis@loserorfurther
awayfromihelens.MNormalldamerallenses(areWisuallyluisediophotographlihree-dimensional
objectslandldohotlexhibitalperfectlyflatfocallfield.EnlarginglorBeprolopticshavealplanar
focallfield[@ndlarelusedibreproduceflatiobjects.

Resolutionlis[primarily@ffectedBySensorldimensionsiandthelqualitydffheoptics.[Theldptical
systemlis[fesponsiblefor(the[abilityfolproducefinerldetails[atlafolerable[¢ontrast.Normally,
according[ibfheMyquistiS8amplingfheorem,[itlisfequiredfhat@ldetail[Spans(atlieastiivolpixels
tolbelablefbbelidentifiedWith[alfeasonable@ccuracyBylanlimagelprocessingSoftware.

Because[o0f(the[CCD,fhefastestransitionfromblackfolvhite[éan[dccurivithinfonepixel.
Whenlusingarge@pertures,Targefield[ofitiew, the2k[Sensor@ndldependingonthelquality (of
thellenslsed,imagelqualityl@éanbelfeduced@atfhelédgesidueibldpticallimitations.[AIAKYLA
cameras(havebeenldesignedandinadefobelisedwith(Standardldcommerciallenses@timid-
rangelapertures.

Thefocallengthlofldpticsfequiredforlimagingldanbeldalculatedfrom(the followingfbormula:
XM )
FE% Ciwhere:

—  FEfocallengthfithelens{mm)

— dE[distancelib6bjectlimm)

— LElengthffhelCCD:

— 10.240hm{fbr1024[pixels{100im)

—  14.340hmfor1024pixels{14[m)

— 20.48Imm[for2048[pixels

— FOVEZfieldofitiew;dbjectSizemm)
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DepthofField@nd
Working[Aperture
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Example:[Theldistancefofhelobjectlfobelimagedis®00nm,fhewidth[oflareafobe
imaged(is[300hm.[WhenUsing[1024[pixel10{im$ensorihefocallengthloflthelensfromthe
equationwilllbe318.4,[Soa20nmoptichivouldbelacceptable, [fthe[¢ameralismovedback-
wardfo@ldistance6f(977im.

Example2:[TheSizelof[Anlobjectiwithin{heimageeedsiobedalculatedlinpixels.Thisdan
bel@ccomplishedyearrangingfheléquationdoyield[LEFFOVRIF/d.[Thusla10mlbbject
with[aBOomIens@t@ldistancedf[P00Mmwilllbeprojected@s0.56 mm,whichlequals[(356
pixelslihfhelimage{eachpixell@nihe[CCDIsM0.01mmDby[0.010hm).

Optimum3harpnesslofihelmagelisfachievedonlylivheniheldbjectlslinhefocusiplane.
Behind@ndinhdrontlofihis(planedhelsharpnesslisiworse.Depthloffieldisldefined byhow
unsharp@pointis@lloweddoe.Mepthloffieldisfhusiheldistancefromiheplaneldffocus
wherelthellinsharpness(Stays(olerable.[Thereforelfheldepthloffield[dependsioniheSmallest
applicationldependentfeature(Sizefobefecognized.Depthloffieldconsiderablylincreases
with[Smaller@perturelSizes.

Depthoflfieldlis[alsolaffectedBythefbcallengthised.[AdbngerfocallengthWith[Algiven@per-
turelwilldesultin@Shorterdepthoffield.Therefore,[as[alguideline,[iffhefocaldengthlis
increased(ihe@perturehas(ibbelStoppeddownbyihelSamefactoribietaintheldesiredldepth
offfield.

Allenslimproves(opticallyiwhen(stoppedidown.[Atlarge@perturesimostiofihelarealoflthellens
isllised,thisesultsihalslightdlurléausedbylinavoidablelimperfectionslinfhelenses.[When
stoppingldown,[@nly{hel¢entrallarealoffhelenslislised.Theldpticalpicturelisinoreldorrect
andliesolutionlimproves.[Consideringthisfact, fhelensfobe [WsedShouldhavel@largeinaxi-
mum@perturelandishouldBeldperated(at@limid-range@perture.

In[eality,[Stoppingldown[doeshotlimprovedpticalldualityihdefinitely,[Sinceldiffraction[Starts[io
affectlimagelquality[@tiSmallfapertures.(Accordingfothelawofldiffraction,[alSharplédgelfurns
light(slightly[off.[(The[@pertureformsSuchl@Sharplédgel@ndlighti¢losestfofhelédgesicauses
fuzzinesslinlthelimage.Whenllsingwiderlaperturesihepercentageloflightipassinglalongihe
edgesldecreaseslinfelationfoight[passingfhroughfhel¢entre.Therefore,[at[Small@pertures
thelratiolofllight[passingldloseibfhe[édgeslincreases@andfhusiSmalll@dperturesiresultih@Iotof
diffraction.

Sharpnesslisfhereforeldimited[hot{ustbylimperfectionslinlthedens,butlalsobyldiffraction.
Thus,fheliseldflinid-rangel@apertures{f5.6[-11) Mesultslin[dptimumipicturelquality. MNormally(a
lens(islatlits[Sharpestlatlaperture(8.

AKYLAlGameras(aretery[Sensitivefodightiandhave@Widefangeofluserprogrammableldain
factors,fhuslitlis[possible folusemid-rangel@perturesiwithoutlSignificantlylihcreasingighting
costs.

AIMEL 19

I )



Lighting

SpectrallRadiancel]
and[Color[J
Temperature

Uniformity[0fQJ
Lighting

ATMEL

Lighting[affectsihelquality[of[@animagingSituationinuchmorefhaniheSelectionlofproper
optics.[Properlightingléanlihcreaselaccuracy,SystemUieliability(andfesponseime.Further-
more,failurefolimplementldorrectlobjectllluminationwill,ih(Mmostl¢ases, lkadfodoss[offime
and(financialldesources.

Algoodlimageforiprocessingpurposeslislanlimagefhathiashelgreatestfexturedontrastlinfhe
areas(oflinterestlagainstfheackground.Tobe@able{ofeliablyprocessthelimageheseldon-
ditionshustprevaillWith(@ertainf@accuracyloverime.

Thel$pectrallfadianceof(fhelightingllisedldependslonthelapplication,Sincel¢ertainlvave-
lengths[ofllightnightiproducel&ither[additionall@rfheldesiredinformationihfhe@pplication.
GenerallySpeakingiheSpectralldistribution[dflfhelightlSources[Shouldbelasléven@spossible
infhevisibledight$pectrum{350F07000hm),wherefhe[AKYLAGameras[arelintendedobe
operated.Due{ofhelfechnologyisediihlihe¢amera@ndihe[CCDslihherentlincreased(sensi-
tivity[oihe [ed[@énd[oflihe $pectrum, dhelightingShouldcontainintalconsiderabledlue
content.

TheldolorfemperaturedflalightSourcelis[alprettylaccurateeasureloflthebalanceloflSpectral
radiance.[Reasonablefesults(¢anbeobtainedwhenlightingldoloremperaturelis¢losedolor
over[4000k.Highlqualityldolorlimagesfequirelaldolorfemperature@flaround®500karimhore.

Lightinghatlgenerates@otof[IR or(WVMightaffectihevorkinglofiihe[CCDI[$ensors(and
shouldbeffiltered(dutiorfheSourcelofllightingihustbeléhosen(Soihatfheldontentdflundesired
wavelengthslisminimized.

Uniformitylofllighting(ineans(hatfherel@remegligible[¥ariationslindightlihntensityldverihellised
spectrum.[Also,[¢hangeslin@ambientdighting[Shouldhot@ffectfhelimagingSituation.[Sucha
light[Sourcelis[dalledalambertian[Sourceoriniform(diffusedlight.Thisightidanbe[dollimated
tolfurtherlimprove(stability[andlihtensity.

Allambertian[Sourcewillldoforlanlimaging[Situationiwhereshadowsl[andfeflections[Shouldbe
minimized.Therelarelany(dtheriSchemes(oflightingwhich,@fldourse,[depend@nthel@pplica-
tion.[SolitlisWpiobiheMserioléxperimentiwith(differentlighting[Schemes(ibfindiwhich[Scheme
bestldontrastsltheldesiredlimagefeature.

Thelwayfhelightlisldrivendlsohias@imajorlimpactionfhelévennessioflighting.Mormally@ither
highfrequencyballasts{orderloffenslof(kHz)@relsedfoldrive[certainypesloflightinglérIDC
lightinglis[used.[Somelsystemslalsollisefhreeldifferentlampsléachldrivenlin(aldifferent(phase
with@lSquarellavelinstead(dflaSinusoidallone.In[@nydase,ifIDClightinglisnotdsed, fthelfre-
quencyldrivingfheights[shouldbeldonsiderablyhigherihanihelinefrequencylisedforthe
application.

AgingoflthelightlSourcelshould@lwaysbeldonsidered,Sincefhereighte¢hangeslinlinten-
sityland(@olorlfemperature.fitherelsfineldolorased(qualificationibDelperformed,fhis@spect
shouldbeldarefullyldonsidered.

Thelemperatureldependencyloflthel@dhosen(lightSourcelShouldbel¥erified.[Forléxample,fluo-
rescentfubeshave(alielativelylhighelationbetweenliheoperatingfemperature@ndbothlthe
intensitylandhelproportion(@fldoloridutput,iwhile(alllAKYLAGamerashave@lmostinoldhanges
inftheirlperformance.
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Technicalll
Specifications

Table[10.TechnicalBpecifications:[AKYLANM201010CLANd2010[CLWith0[mS$ensors®

Parameter Symbol Min Typical Max Unit Notes
Numberofipixels N - 1024 - - -

N 2048
Pixel(Size - - 100 - pm 100% (illfactor
Dataltate[per[CCD - - - 20 MHz -
Linescan(period texp 56 - - Hs 1024pixels,hax.dinebate: 318KHz
Linescan(period texp 107 - - us 2048(pixels,ax.ldineate: 39.4[kKHz
A/D[@onversions - - 10 - bit -
Typicallgain@ontrol G x1 - x24 - -
Linearity - 99.2 99.5 - % @
ooy piop | PRV - =2 0 %o -
Saturationevel - - 1023 1023 LSB Least[SBignificantBit

R - 10 -
PeakResponse@tlGmin G - 5.4 - LSB/nJ/cm? GEIX1

B - 4.1 -
zi%?ﬁlﬁmoise%tion@tﬂ SNR B 48 B dB GEXI
Supply(¥oltage Veuon 20 24 36 vdc Qf’a@g,fhligg’bﬁggagjHmipp'em“usm
Power[donsumption - - 12-17 26 W -
Weight m - 2 - kg withoutllens
Operatingfemperature Top 5 - 35 °C 41[{o95F
Storagefemperature Ty -10 - 55 °C 14[bA31F
Humidity, [@peration - 5 - 85 % relative,[monl@ondensing
Humidity, [Storage - 5 - 95 % relative,(monl@ondensing
Saturationféquiv.[ SEE B 102 B nJ/em? low[dain
exposure 8 highlgain
Noiselequiv.[@xposure NEE B 400 B pJicm? Io-w@air-l

40 high[gain

Notes: 1. LatestlWpdate:March(7,[2002
2. Within(10Ho@5%offhe$aturation[éxposure. [EqualsZ8IL.SBsf[10-bit. [Testeddn[allldamerasothiwithThe Dow@ndhigh
gains({factory(SettingslihthemoryDanks62[and63).

AIMEL 21
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Table[11.0Technical[$pecifications: AKYLAM301010CLEANIR2010CLWith0fjimSensors®

Parameter Symbol Min Typical Max Unit Notes
Number[ofipixels N - 1024 - - -

N 2048
Pixel(Size - - 10xnao - Um 100%(illfactor
Dataldate[per[CCD - - - 30 MHz -
Linescan(period texp 37 - - us 10240pixels,hax.linerate: 318kHz
Linescan(period toxp 71 - - Hs 2048[pixels,max.ineltate:39.4KHz
A/D[gonversions - - 10 - bit -
Typicalldain[dontrol G x1 - x24 - -
Linearity - 99.2 99.5 - % @
ey | PRW | - w2 w0 % -
Saturationevel - - 1023 1023 LSB Least[SignificantBit

R - 10 -
PeakResponse@tlGmin G - 54 - LSB/nJ/cm? GEX1

B - 4.1 -
girgnri]:I[behoisemation@tD SNR _ 48 _ dB GERXI
Supply¥oltage Ve 20 24 36 vdc ggﬁ)g’%hlig‘;é?tgléagjﬁIﬂipplemwustD
Powerl@onsumption - - 12-17 26 w -
Weight m - 2 - kg withoutllens
Operatingfemperature Top 5 - 35 °C 41[{o[95F
Storagefemperature Ty -10 - 55 °C 14[{b0O31F
Humidity,[@peration - 5 - 85 % relative,[monldondensing
Humidity, [Storage - 5 - 95 % relative,[monldondensing
e = B
Noisel@quiv.[@xposure NEE - 400 - pJicm? Io.w@air.l

40 highlgain

Notes:

1. LatestWpdate:March(7,[2002

2. Within[10{o[@5%offhe$aturation[éxposure.[EqualsF8ILSBs[f[10-bit.[Tested[dn[alllcamerasothiwithfhe DowEndhigh

gains[{factory[SettingslihthemoryDanks62[and[63).
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Table[12.0Technical($pecifications: AKYLAM201014CLWith4HmSensors®

Parameter Symbol Min Typical Max Unit Notes
Numberofpixels N - 1024 - - -
Pixel(Size - - 14x04 - pum 100% illFactor
Dataldatelper[CCD - - - 20 MHz -
Linescan(period texp 56 - - Hs 1024[pixels,ax.dineldate:[318KHz
A/D[Gonversions - - 10 - bit -
Typicalldain[dontrol G x1 - x24 - -
Linearity - 99.2 99.5 - % @
Photolresponset] PRNU - +2 +10 % -
nonuniformity, (p-to-p
Saturationevel - - 1023 1023 LSB Least[SignificantBit
R - 26 -
PeakResponse@tlGmin G - 14 - LSB/ndicm? | GER1
B - 10.7 -
Slgr_laI[behmsematlon@tD SNR _ 48 _ dB GERL
Gmin
SupplyQiroltage ripple:[210%,0oltage 3 ippleustOd
Vsupp 20 24 36 vde stayWithin[20EoB6V
Power[donsumption - - 12-17 26 W -
Weight m - 2 - kg withoutllens
Operatingfemperature Top 5 - 35 °C 41[{o[95F
Storagefemperature Ty -10 - 55 °C 14[fo031F
Humidity, [@peration - 5 - 85 % relative,[monldondensing
Humidity, [Storage - 5 - 95 % relative,[monldondensing
40 low[gain
Saturation@quiv.@xposure SEE - - ndicm? _ . _
3 highlgain
, . 160 2 low[gain
Noiseléquiv.[éxposure NEE - - pJ/icm . )
16 highlgain

Notes: 1. LatestlWpdate:March(7,[2002
2. Within[10{o[®@5%/(offhe$aturation[éxposure.[EqualsF8ILSBs[0f[10-bit.[Tested[dn[alllcamerasothiwithfhe DowAndhigh
gains[{factory[SettingslihthemoryDanks62[and[63).
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Table[13.0Technical($pecifications: AKYLAM301014CLWith4pmSensors®

Parameter Symbol Min Typical Max Unit Notes
Numberofpixels N - 1024 - - -
Pixel(Size - - 14x04 - pm 100%(fillFactor
Dataldatelper[CCD - - - 30 MHz -
Linescan(period texp 37 - - Hs 1024[pixels,hax.dineldate:[327[RHz
A/D[gonversions - - 10 - bit -
Typicalldain[dontrol G x1 - x24 - -
Linearity - 99.2 99.5 - % @
Photolresponset] PRNU - +2 +10 % -
nonuniformity, (p-to-p
SaturationIevel - - 1023 1023 LSB Least[Significant[Bit
R - 26 -
PeakResponse@tlGmin G - 14 - LSB/ndicm? | GER1
B - 10.7 -
Signalfboise[fation@tGmin SNR - 48 - dB GEFX1
ripple:[210%,oltage# ippleustd
SupplyQiroltage Vsupp 20 24 36 Vdc stayhithin[20To[36V
Powerldonsumption - - 12-17 26 W -
Weight m - 2 - kg withoutllens
Operatingfemperature Top 5 - 35 °C 41[{o[95F
Storagelfemperature Ty -10 - 55 °C 14[fb31F
Humidity,[@peration - 5 - 85 % relative,[monldondensing
Humidity, [Storage - 5 - 95 % relative,[monfdondensing
' . 40 2 low[gain
Saturation[équiv.[@xposure SEE - - nJ/cm . .
3 high[dain
, . 160 2 low[gain
Noiselequiv.[éxposure NEE - - pJ/icm . .
16 highldain

Notes:

1. LatestWpdate:March(7,[2002

2. Within[10Ho®@5%(offhe$aturationléxposure. [EqualsZ8[IL.SBsf[10-bit.[Testeddn[allldamerasothiwithThe Dow@ndhigh
gains[{factory[SettingslihthemoryDanks62[and[63).
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Camerall Version: 1.3
Configuration[] Date:  July[28,[2002
Using[RS-23200  proms: B04,B05
Port

Description The[AKYLAlinescanléamerashaveliser(programmablefeaturesihatare[availablebyising
the[RS-232[port@and[aSimpleprotocol.

Thelbllowing(Sectionldescribeslih[deneralfermsiheldommunication@nd@llthel@vailablefunc-
tionsfordevelopingtheMsers'Bwn@pplicationSoftware. Alternatively, Windows®Softwareith
sourceldodeslandldocumentationls@vailable@rom[Atmel.[Thisls@&n@pplication,vrittenlh
VisualC++®®.0forWindows®®5/98/2000@ndWindowsNT®2.0.

Figure[20.ICameralConfiguration

RIS
— COM Settings 1 1 File Operations .

Select COM Port: Coxters Batls A m E l
covi R I

SN Oy
Init COM As...
| nit CO I Open. | Save As | Help I it I
| ~Prom-——  Exposure Control ~ Offset
Update { ‘
Set Default I G " Bbit Offset Value
i~ Camera Nonvolatile Memory - R B : |g
Bank [g ~ Input Mode Normal | " ||« " 10-bit
Nurnber = | o Full ® @ '
-
Common Dak | € - -
Load | | Save | € Individual | Test | C || € |/ € A ja
— Gain Settings  Digital gain settings
* Coarse { Fine Difference Get Default
Odd Pixels EvenPizels— T]G* 8
Red 4| o | |128 [128 Iu j |n j ;,4 g (r: ;
s | st | &
Green 4| 7 DRERE o =P = LA e
=1 =l
Blue 4| Hl i |128 ]128 IIJ - |0 = B | e | e e
— Low-level Commands COM Log
- - e I Show All
Address | _'; Sync Cam | Cloar I
Data a = Send Crd Copy |
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Programmingloflihelcameralisbased®n[Sixteend-bitegistersihaticaneloadedwithhew
valuesl@anyfimelduringheldperation.Newalues@relSentasSetsoffivolbytes, Wherefhefirst
bytelisfheladdressloftheegisterl{command)@ndiheSecondbytelisiheldatalnewalue).[A
delay0f[0.1ns[0riMorelafterSending[@éachbytelislfecommended.

Table14.DefaultValue

Address Function DefaultValue{Decimal)
64[ib[75 Programmablelgains 128

76 Exposure[Control[Mode 0

77 Programmableoffset 0

78 Programmableldigitallgains 0

79 Outputimodelregister 0

Allfhelfegisters(arefautomatically(Setlbfhe Walues@fihemoryBankD{see[MemoryFunctions
(AddressesB0@&ndB81)"dnpage32Horldetails)[dnpower-up.[Theltontentsoflthisldefault
memoryDank(danbelalteredwithhemoryldommands.

Thealuesloflihesefegistersformlalsoldallediemorybank,Which[¢ane[Savedihtoldne [of
thelihternalon-volatile[memorybanksforfuturefeloading.[Twoldommands(arelavailable[for
selectingfhememorybank.

Table15.0MemoryBank

Address Function MemoryBank[Addresses
80 Loadfromimemory 64fo27{decimal)
81 Savelibmhemory 64o27{decimal)

Theltameralfesponds(foléach¥alidSettingbySendingfhelsamevaluesack(8-bitaddress
and8-bitldata).IhvalidiGommands[@are@cknowledgediwith[@rroridodes.

Therelarelthreeléxceptions:[

1. ThelloadlCommandldoeshoteturnifheladdresslandldataldfhe[@ommandliself.C]
Instead,fhel@dameralsends(outtheldontentsiofltheSelectedihemoryBank({seeOutput
Mode[Register[([Address[79)"on[page31{oridetails).

2. ThelEscapeldodelisfheSecondléxception.tidanbelusedlihSituations,Wherefhe2-
bytelSequencelis, for[Somelieason, lbst.0fftheldameraldetectsihisialuel@sthel]
address, [itwilllfespondwithfhe [fespectivefeedback@ndfeturnsibiheState, wherelit(l
assumes(thatheextbyteWillbe@n@ddress.

Note[1:[ThisNaluelis[acceptedaslidata.ThisliswhyfhelEscapelécommandshouldbeSent
twiceol@ssurelfhatlitiwillbedetected@saldommand(also.

Note[2:[Thisl@ommand,@flitself,[does[hotichangeanyMegisterialues;tlis[onlyeantfor
initializingfhe2-bytesequence.[AllThefegistersishouldeleprogrammed@fterwards(io
assureluseldflthelintendedNalues.

Table[16.IEscape[Command

Function Decimal Hexadecimal Binary

ESCAPE 170 AA 101001010
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Parameters

Error[Codes
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3. Thelihird@xceptionlisiheRetrieve[PROMVersionZdommand,whichfakesonlyone
datalValue[@ndreturnsiheladdress(andmumber[oflthe[PROMNersion[durrentlylindse
(see[Retrieve[PROMVersion[{Address[82)"0n(pagel32{orimoreldetails).

Table17.0Retrieve[PROM[Version
Address Function DATA[(Decimal)
82 RetrievePROM[Version 82[(noldtheralues@ccepted)

SetltheRS-232[portl{orfhe[CameralinkSerial(port) fo[9600Mits[perlSecond, Bldatalbits,no
paritylandone[StopDit[(9600,8,M,1).Wse[RTS/CTShardwarehandshaking forlRS-232.

Table8.0Error[Codes

Error Decimal Hexadecimal Binary ASCII
101 65 01100101
gigﬁgﬁgjrigrrm followedby followedby followedby el
49 31 00110001
101 65 01100101
lllegall@ommand followedby followedby followedby e2
50 32 00110010
101 65 01100101
lllegalldatal(255) followedby followedby followedby e3
51 33 00110011
101 65 01100101
Egiﬂitiﬁfn’:? deD followed by followed by followed by ea
52 34 00110100
101 65 01100101
g"i%aéit;[rfnb;[g:je 5 followedby followedby followedy eb
53 35 00110101
Escapel] 120 78 011101000 X
command
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Programmablel]
Functions

ATMEL

ProgrammablelGains Each[CCDhaswoldutputldhannels@andl@achl¢hannelasbothldoarse@anddineduningdain

(Addresses®4[fo[75) controls.[Theangelisfromzerominimum(gain) o254 {maximumigain).

GainsShouldbelSetyirstusingldoarsefuninglonlyfofeachfhelélosestpossiblefesponse.
Alllgain(Settings(@relrelative@nd[Specificlonlyibléachldameral@nd@achlfegister.[Thelfesponse
islibgarithmic,ineaningdhatiheStepsattheipperéndoffheMangelarebiggerfhanivhen
usingSmalliralues.The@bsolute NaluesldfiheselfegisterslaremotSignificant;thelSetting6fihe
gainsShouldbebaseddnihefeedbackfromihelactuallimages.

Odd[Channel: Mepresentsipixels,3,3,1.,1023(upfo 2047 With[(2048-pixelldameras)
Even[Channel:Mepresentsipixels(2,4,®,[1.,1024{upb2048Wwith[2048-pixelldameras)

Table19.MAddressesbriCoarselGainlControl

Odd/
Channel Even Decimal Hexadecimal Binary ASCII
odd 64 40 01000000 @
Red
even 65 41 01000001 A
odd 68 44 01000100 D
Green
even 69 45 010000101 E
odd 72 48 010001000 H
Blue
even 73 49 010001001 |
Table20.MAddresses{orFinelGainControl
Odd/
Channel Even Decimal Hexadecimal Binary ASCII
odd 66 42 01000010 B
Red
even 67 43 01000011 C
odd 70 46 01000110 F
Green
even 71 47 01000111 G
odd 74 4A 010001010 J
Blue
even 75 4B 01001011 K

Example: Howlb[SetfheBluel@¢hanneliblhaximumlgain?
1. Setlihel3elected[COMIportlofithePClib9600,[8,0N,1.0

2. Setlthelanaloglgain(ofloddpixelsiofitheBlueléhannelfoaximumialuebyirstiSend-
ingfhefespectiveladdress,Whichlis[72.[Afterwards,[Sendihefew(SettingiValue254.

3. Thelévenlpixelsofthebluelchannel@reSetibaximumbySendingfhefollowingfwol
decimalmumbers:[73[@And254.

Referfo[®Debugging’dnipage33foridebuggingfhisiéxample.
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TheExposureControlfunctiondanbelappliedihdividuallyfoléach[CCD.[As[default,[dneldom-
monl(ihputSignal (ExpCtrIR/CC2)[drives(@llihefhree[CCDs.[Alternatively,[@ach[CCD[danhave
itsldedicatedlihput(SignalforExposurelControl.

Table21.0IAddressHorModifyingtheExposurelControl[Function

Function Decimal Hexadecimal Binary ASCII

SelectExpCtrlO 76 4C 010001100 L

Thisfunctionsisedlikefhe$ettingloflfhelgains{see@bove).Theldatabytel¢consistsiofleight
bits, Which@relabelled@sfollows[(MSB({irst):

+  SEHRIBROFGIFGOFBIEMBOEX

Bit[$[Selectsihel3ourceforiheExposureControlfunctions:
e OEFommonlExpCitrlSignall{default)
o 1[ElihdividuallExpCtrlSignals

TheMext®bits@resedlaspairsiorléachldoloridhannel{Table[22):

« Defaultihode:fhelBbitslareldllzeros,@ndiherelisomeedoléhangefhem.Theyldan,
though,BelisedforfestingoridebugginghelSystem.

* NormallState:[ExposurelControlsf@reldrivenldirectlyfrom(helihputlpinsofitheldameral(as]
setByDit[$).ThelExposurelControlidanBeSetibBeldlwayslihactivel{respectiveldhannellis]
neverlfesetByfheExposureControl)dribBeldlwayslactivel(pixels@reeset@llthefime By
the[ExposurelControl;fhislfesultsiih@ldarkdutputivalueforfhelselectedchannel).

» TestMode:thelpixels@reresetintilthelénddffhelineValidSignal.[Thislis@kimeOd
constant.[Thusfhe@mountldfiéxposurewillldependonihelineratednly({seeTiming
Diagrams(foridetails).

Table22.MExposure[ControlFunction

R1 R2 Function

0 0 normalldperation,[default,theSourcelisdefined by bit(S'

0 1 alwayslihactive,fullléxposure,ihdependent0fbHit[S'

1 0 alwayslactive,[dark,[ihdependentofDit[S'

1 1 active[(pixelsreset)duringlinefransfer,ihdependentofbit(s’

TheBame@ppliesibpairs6fG1lAndGOAsell@sForB1@AndmBO.
BitXX[danBeleither1[6r0F[don't[dare.
Examples:

Defaultivaluelis00.[TheExpCtriIRihputpins(drivel@llfthe CCDs.
Tolfeturnolthis[StatelSend@aR2-bytelSet76{decimal)@andO{or(76@and1).

Setf@lltheldhannels(ibldarkbySending76{followedby[84.

Only(fedéhannel@tfullfimel@xposure:[76{bllowedby[52.
Onlyldreenl@hannel@tfullfimeléxposure:[76{ollowedby76.
Onlybluel@hannel@tfullfimeéxposure:[76{ollowedby[82.

Exposureldontrolfunctionotihuse:[8end76{bllowedby42.
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ProgrammablelOffset

(AddressI7)

ProgrammablelDigitald

Gainl{Address[18)

ATMEL

TheloffsetldanbeldigitallylfemovedDylsending@ialuebhefespective@ddress.[ThisMaluelis
subtractedfromalllthepixelilalues,beforesendingfhemlout.[Theloffsetaluelis(anyhumber
betweenD@nd254.Thislis[Subtractedfromheloriginal[10-bit[pixel¥alues.

Table23.0IAddressForModifyinghe[DffsetlFunction

Function Decimal

Hexadecimal Binary ASCII
01001101 M

Offsetralue 77 4D

Ifiyoulareisinglonlyihe BWipperbits({IMSBs),please motefhatfheoffsetNaluelstilliaffectsthe
original10-bitvalues{range@ib[1023hdigitalWnits).

Thellbwestlbutputlisdimited@ozero{negativemumbers[arefioundedip{oD).[ThelSaturation
levellisbweredbyiheNaluedfitheldffset.

Example:

TolBubtract¥ IevelsfromiheB-bitldutputfange,Send{asldecimalialues) T 6followedly 28
(multiplydhe™8-bitloffsetivalue”y4).Theldigital$aturationdevel il e248lhstead0ffhe
original(255.

TheDigitallGainfunctionld¢anbe@ppliedlindividuallyfoléachldolori¢channel.Digitallgains@re
implementedbyShiftingiheloriginal 10-bitldatalipwards{left) by0,1, 2 0r3[positions{corre-
spondingfo1x,2x,[4x@EndBxTespectively)@ndbdydimitingfheoverflowldfihehew, $hifted
value.Theléffectlisfhatfheesponselofitheldameralwillibelhigher,butfheléffectivemoisellev-
elswilllihcreaselaccordingly. PleaseotefhatlafterShifting, the TowestbitsWillbefeplacedby
zeroes.[Forléxample,ih[B-bit@pplications{usingfhefbpmostBbits)@AndWith[Bx[gains,the LSB
will@lwaysbelzero.

Table24.MAddressforModifyingtheDigital[Gain[Function

Function Decimal Hexadecimal Binary ASCII

01000110 N

SelectDigitallgain 78 4E

Thisfunctionlsusedikefhe$ettingloflfthelgains{see@bove).Theldatabytel¢consistsiofleight
bits, Which@reIabelled@sfollows[(MSB({irst):

o XERIFROFGIHGOFBIFBOFX
Thelniddle®bits[arelisedlas[pairsforléachl¢olorichannel{seeTable25).[As[default,[fhese
are(allzeros,[andfherelisholneedioléchangefhemlduefofhelSensitivityloffheldamera.They

can,fhough,Delusedlinlcasesivherellightinglisfihsufficientlorfolcompensateforieducing
working[@pertureSizeoldecreaseDlurlinfhelimage.

Table25.0Digital[GainFunction

R1 R2 Function
0 0 1x[digitalldain{initiallalue)
0 1 2x[digitallgain
1 0 4x[digitallgain
1 1 8x[digitallgain

ThelSame[@pplies(ibpairsiof(G1lAndGOlaswell@sorB1andBO.
Bits(harkedX[@anbe[@ither1[or[0.
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Examples:
Toldlemoveltheldigitallgains(Send[a2-byte(Set[78[{decimal)and(0.
Setf@llthel@éhannelsib@xdigitalldainBySending78{ollowedby84.

Thelightinglisedhas@ismallportion(ofblue,@little[Morelgreen,and@lbtofled. Thehormal
gain(Settingldoesotlproducel@nough(8Signal{(DU)ibbalancefhedameraliolalieasonable(Sig-
nallevel.[TheliserSetsiheluelchanneldoBx,[greenlodxAndled o xdigital[gain{o
compensateforpoorlightingdySending78{bllowedDy22.

Theloutputimodelfegisterlislisedfol¢hangetheldonfiguration[ofldataloutputlih[Cameralink

models.[TheutputiihodelegisteriwillldefinefheixelldlockFrequency,dolorldrderlandiivhich
ports(iheldatalisMoutedib.[AllBits@reDon’'t[Carelif[@ameralisMotwith[CameraLinkdutput.

Table26.TAddressHorModifyinghe@utputiMode Registers

Function Decimal Hexadecimal Binary ASCII

Select@utputMode 79 4F 0100111 (0]

Thisfunctionlsusedikefhe$ettingloflfthelgains{see@bove).[Theldatabytel¢consistsiofleight
bits, Which@relabelled@sfollows[(MSB(irst):

+  SPERCLFM2EMIFMOBXEXEFX
Bit($P[3electsihefrequencyofifhelpixelldlock([STRB):
e OF[Cameral@tfasterioutputinodel{default)

e 1[=F[CameralatiSlowerloutputlinode

Bit[3Plis[defined@son’t[Carel(X)for30MHz[parallelihodel@dameras,Sinceltherelis[oSlower
outputimode.

Bit[CL[Selectstheldolorioutputlorderforimultiplexedihodeldéameras:
e OEFMRGBIdoloridutput{default)
* 1EMBGRIdolordutput

Thisbitlis[defined@sDon’t[Carelfor[paralleliihodeldameras.

ThehextfhreeDits[M2,M1AndIMOSelectiivhichportstheldatalis[dutputo.Theselbitsare
defined(differentlyforimultiplexedlandparallellthode[dameras.

Table27.MDutputModelRegister

Connectors Connectors
M2 M1 MO | ParallellMode /Ports MultiplexedMode /Ports
0 0 0 24-bitBasel(default) 1/ABC 8-bitBase({default) 1/A
0 0 1 24-bitBase#ISBbByte | 2/ABCD 10-bitBase 1/AB
0 1 0 30-bitMedium 2/ABCEF Reserved
0 1 1 30-bitualBase 2/ABCDE Reserved
1 0 0 Reserved Reserved
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
1 1 1 Reserved Reserved

Note:  The[Low-levellCommands”{ielddfifhe[CamConfléanbesedibrisettingfhislegister.
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Memory[FunctionsO
(AddressesB0@nd381)

Retrieve[PROMO
Version[Address[82)

ATMEL

Thelinternalon-volatilenemory[ofihelcameralis(dividedlinto[64[Sol¢allednemoryanks.
Eachbankl¢an(Savelthelstatus(of(all[Sixteenlfegisters{laddresses®4{o[79).[Eachegisterlis
made[0f[Bbits.[Valuesl¢anbeloaded@romliemorylasicompletelSetsof(Sixteenliegisters
(memorybanks)@nly.

AKYLAGameras(havelaolatile[hemoryBuffer,iwhichlisldpdated@fterléachmewldonfiguration
settingfolthe[¢éameral{fcommand@ndldatalpair).(Alcopyofithisbufferidanbesavedo@any[of
thellser@ccessiblehemoryBanks@nd@nyoffhememorybanksdanbellbadedlihtofheBuffer
(overwritestheldldalues).

MemorybankDlisautomaticallyllbaded,whenfhelcameralis[poweredip.[Thealues@remot
sentlout@tlthisimoment.DLOADBank[D{oMead-outfhepower-up¥alues.Tolead{healues
that@redurrentlyihsel(butotSaved),useldneldffhememorybdanksiofirsttSAVE[@ndihen
toLOAD[Ihe3amealues.Bankhumber®9lslised@safemporarystorageplaceforihe
AKYLA[CamConfl3oftware.Banks60{oB3[¢anmotbelirittenfo, Sincefhey[dontainfactory
presetNalues.

Table28.0Memory[Functions

MemoryBank Save Load Notes
0 yes yes Power-upNalues
1[b[58 yes yes Generallpurpose
59 yes yes UsedBythel[AKYLA[CamConflSoftware
aslalfemporary(storage[place
60 no yes Reservedforfactorylpresetitalues
61 no yes Reservedforfactorylpresetitalues
62 no yes High-gainilersion[6fbank63
63 no yes CopyofihelihitialifaluesihBankO

ThelActualldatahatustbelusedWithILOADOrISAVEsMemoryBankhiumberB4{decimal).
Thus,inlorderfolsavelthelsettingsloflthelcameralioelits(powerlipHaluesSendfhe[SAVE
command,31,[AndiheniSendiheldata, hichmows[0=[64.Toleloadihelhitial[default(Set-
tingsfromBank[63,[8endB0bllowedby127[{decimal).

TheldameralfespondsibFAVEGommandsbylSendingbackihe@ddressandiheldata.

LOADIecommands[arefacknowledgedbysendingloutlfthel¢ontents(ofthe[$electedinemory
bank.(Eachloflthe16Valueslis[precededbytheladdressloflthefespectivefegister.[Thus,fhe
response(startsiwith{ldecimal)[64,[¢oarse_gain_value_for_odd_pixels_of _red_channel,®5,
coarse_gain_value_for_even_pixels_of red_channel,[66[and[Solonmintilfhe fotall6f(32[Mytes
hasbeen(Sent[out.

Please,motefhataldelay[oflatleast10insis[fequiredetweenlanyfwol¢onsecutive
SAVE[@ommands.[DatalStoragelis[uaranteedonlypfo100M00FAVEIGommands.

Using(thisfunction, fitlis[possiblelibetrievefheamedflthe[PROMGurrentlyihdselihfhel@dam-
era.[flthePROMIs[@nolderersion,Whichldoesn’tlfecognizefhe[dommand,@nlérroridodewill
belSentback{e?2).lnfhis(¢aselthe[PROMabel3houldelcheckedydpeninglthel@ccess
coverloflthelrear[panel.
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Table29.MAddressor[Retrievingthe PROMMNumberihWse

Function Decimal Hexadecimal Binary ASCII

RetrievePROMNersion 82 52 01010010 R

Theldatabyteforfetrievingfhe PROMUNersion[is[B2[{alllotherldatalValues(areeservedfor
futurelse).[AllldtherdatabytesWilllfeturnthelérroridodeoflillegalldatal{code@3).

Table30.0IReturnedataValuel@and[PROMVersion

ReturnedDataValue PROMI[Letter PROMMNumber
0-99 F returneddatainus[O
100-149 G returned(datalinus100
150-199 z returned(datalinus150
200-254 B returneddataminus200

Example:
Toldbtainthe[PROMersionlurrentlylihldse,[Sendfhe2-byteSet[B2[{decimal)@nd82.
Theldameralieturns(82[and204,WhichheansihatB04lis[Currentlylin[Use.

Ifltheléameraldoesn'tidfespondlasiéxpected(goihroughlthefollowingldheckist:

1. Isltheldablemadeldorrectly?

2. ArelyoulusingltheldorrectSeriall@onnectoronthePC?

3. AreffheSoftwareSettings(forifhelselected[COMpPortOK?

4. Islthe[COMIportfactuallybehavinglaslisSetio?[Thislisfhelhosti@ommonproblem

encountered.Dependinglonfhel@ombinationloflSoftwarelandldperating[8ystem,the
actualbardwarelmayloperateinderlincorrectSettings.[Alpossible[Solution(is:

Verifylfheloperationoflitheactual(hardwarebyeasuringhevaveformlonihelihputldata
linelofltheldéameral{thisiiayequireldisassemblingfheldonnectorlénclosureldfltheldable).
ThelinelkObw,Wwhenholdatafransferlisin(progress.Thefransferlalways(startsivith(one
startbit,Whichlis@thigh[{1)devel@tdheldonnector.[Theldurationlofléachbitlis@bout
104 ps.Thelpolarityihfhelinelisihverted[@omparedibihe bitivaluesioftheSoftware.

AfterfhatfheBdatabitsfollow.Thelbwestbit[(LSB)lisSentoutirst.[Afterfhesefherewill
beldnelStopbit,Whichlisat@Obwevel.[Thelineemains@thislevelmntilfhe Startlofthe
nextliransfer({byte).

Example:[OddpixelsofitheBlueldhannel@re8etibaximumbySendingdutfivoBytes. [Firstis
the@ddress(forthisiéhannel,[72[@s[decimalValue,[@ndfhelSecondbytelisfheldgainalue,[254
(decimal).

Inthefirstipartihe@actualivaveformlislasfollows{L&qualsioneBitlatdowlevellandHéquals
onebit[@thighdevel):

cokeeeeeeeereeebb bbb HHHHLHHLHLLLLLLLLLLLLLL L L L L L L L L LR LLL. ..

AIMEL 33

I )



ATMEL

Similarly,[@nihefollowingloscilloscopelplot, theuipperivaveform{nr.[1)[fepresentsithelSignal
inltheld¢able@ndihelbwerivaveformlkihelsamelsignal@sT TLdevels.[Thellbwerivaveform
corresponds(alsolfolthealues[oflthelSoftware{sending(Startsiwith(a[@evellstartDit, followed
bylthreelzeroes,[®nell,And@wozeroes,0nell,[0nezero@nd[alStopit, whichis(always[1
(waveform@wvolishot@ccessibleforihelusers).

Tek Run: 250 ks/s Hi Res rig?
oo eecaeeceeecaece Y
: L L L L T T L L L L T I: A 104 “S
- 1@:520 ps
15 .
2 N
: Ll 1l Ll 1l Ll 1l L Il Lol 1l I Ll 1l Ll 1l Ll 1l Ll 1l Ll 1 I:
Chil 5.00 VQ 5.00 VQ M 200 us chl r -2.2V 11 Mar 1999
10:44:22
Thelgainilalueldanbelseenlihfheldablelfespectively:
Tek Run: 250 ks/s Hi Res
S 1 Y
: L L T L L | T T L L L L : A 104 us
- ] @: 520 us
155 .
i )
: Ll 1l Ll 1l Ll 1l Ll Ll 1l I Ll 1l Ll 1l Ll 1l Ll 1l Ll 1 I:
Ch1 5.00 VQ 5.00 VQ M 200pus Chl -2.2V 11 Mar 1999
10:45:12
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Table31.0ModelMNumbersfand@rdering[Codes{orfAKYLACamera

Product

CameralDesignation

PartMumber

AKYLAMD20[CL010

AKYLAMD20CLA010FMOUNT

AT71-MD20CL1010

AKYLAMD20[CL[2010

AKYLAMD20CLR2010[FMOUNT

AT71-MD20CL2010

AKYLAMD20[CL1014

AKYLAMD20CLA014[FMOUNT

AT71-MD20CL1014

AKYLAMD200V[1010

AKYLAMMD20MVA010FMOUNT

AT71-MD20LV1010

AKYLAMD20MV[2010

AKYLAMD20MVZ2010FMOUNT

AT71-MD20LV2010

AKYLAMD20IV[1014

AKYLAMMD20MVA014[FMOUNT

AT71-MD20LV1014

AKYLAMD30[CL1010

AKYLAMD3O0CLA010FMOUNT

AT71-MD30CL1010

AKYLAMD30L[CL[2010

AKYLAMD3OCLR2010[FMOUNT

AT71-MD30CL2010

AKYLAMD30[CL[1014

AKYLAMD30CLA014[FMOUNT

AT71-MD30CL1014

AKYLAMD30IV1010

AKYLAMD30MVIA010FMOUNT

AT71-MD30LV1010

AKYLAMD30IVZ2010

AKYLAMD30MVZ2010FMOUNT

AT71-MD30LV2010

AKYLAMD30IV1014

AKYLAMD30MVIA014[FMOUNT

AT71-MD30LV1014
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