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ABSTRACT:

TheCCDdetectoristhecoredeviceofthespaceremotesensingcamera.TheperformanceofCCDdetectorgreatly
affectstheperformanceofthewholeremotesensingcamera.ThetemperatureoftheCCDdetectorhasasignificant
influenceonitsperformance.Inordertobetterstudythisinfluencerelationship,thetemperatureimpactverificationof
remotesensingcameradetectorwascarriedout.Thetestschemeofdarksignalunderhightemperatureenvironment
and thetestschemeofradiationcalibrationunderdifferenttemperatureconditionsaredeveloped.And thetest
verificationwascompleted.Basedontheanalysisoftheexperimentaldata,thequantizationrelationshipoftheinfluence
oftemperatureontheparameterssuchasdarksignal,darknoise,dynamicrange,noiseandsignal-to-noiseratiois
obtained.Theseresultshavecertainreferencevalueforthedevelopmentofspaceremotesensingcamera.

1. INTRODUCTION

TheCCDdetectoristhecoredeviceofthespaceremote
sensingcamera.TheperformanceofCCDdetectorgreatly
affectstheperformanceofthewholeremotesensing
camera.The temperature ofthe CCD detectorhas a
significantinfluenceonitsperformance.Inordertostudy
theinfluenceofdifferenttemperatureofCCDdetectoron
CCD performance,a scheme oftestverification was
developed.Accordingtothetestscheme,thetemperature
impacttestof8192pixelTDICCDdetectorwasverified.
The experimental results are analyzed, and the
quantitative relation between the performance ofCCD
detector(darksignal,dynamicrange)andtemperatureis
obtained.

2. TEMPERATUREVERIFICATIONTESTSCHEMEOF
CCDDETECTOR

ThedetectorusedisalineararraytypeTDICCD,thepixel
sizeis7um x7um,thepixelnumberis8192,andthe
maximum TDIstagesis96.Intheexperiment,the
horizontaltransferfrequencyofTDICCDwas16.67MHz,
theintegraltimewas1.05ms,andthequantizednumber
was14bits.
TestthedarksignalsofTDICCDatdifferenttemperatures
in the atmospheric heat cycle box. TDICCD and
correspondingfocalplanecircuitandsignalprocessing
circuit are allplaced in the normalpressure heat
circulation box. The power supply,thermal control
equipmentandimageacquisitionequipmentareplaced
outsidetheheatcirculationbox.Duringthetest,theinside
ofthethermalcirculationboxiscompletelyblack(no
light).The connection relationship ofeach device is
showninfigure1.

Figure1.Testequipmentconnection.

Testtemperature scope setto 30 ℃ to 15 ℃ ~ +.

Temperaturecontrolprecisionis+/-1℃.Every5℃ seta
testpoint.Assmallaspossible.Theheatpreservation
time ofeach temperature pointis 15 minutes.The
temperatureoftheCCDdeviceistobemeasuredandthe
temperatureisbasicallystable.FIG.2isthesettingoftest
temperatureandthermalinsulationtime.Figure3isthe
TDICCD,focalplanecircuitandsignalprocessingcircuit
participatingintheexperiment.
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Figure2.Thesettingoftesttemperatureandthermal
insulationtime

Figure3.TDICCD,focalplanecircuitandsignal
processingcircuitparticipatingintheexperiment

Theexperimentisconductedaccordingtothefollowing
steps:
(1)deviceconnection,self-check,closethelightsourcein
theoven,blocktheCCD,andmaketheCCDcompletely
black.
(2)by1℃ /minheatingrateupto30℃,heatpreservation
after0.5h,electricequipment,collectionandimage.
(3)by1℃ /mincoolingrateofcoolingto25℃.After
15minheatpreservation,theequipmentisenergizedand
theimageiscollected.
(4)by1℃ /mincoolingrateofcoolingto20℃.After
15minheatpreservation,theequipmentisenergizedand
theimageiscollected.
(5)by1℃ /mincoolingrateandcooling,15minafter
eachtemperaturepointinsulation,electricequipment,
collectionandimage.
(6)by1℃ /mincoolingrateofcoolingto15℃.After0.5h
insulation,theequipmentisenergizedandtheimageis
collected.
(7)by1℃ /minheatingrateupto10℃.After15minheat
preservation,theequipmentisenergizedandtheimageis
collected.
Accordingtothe1℃ /min(8)heatingrate,temperature
ofeachpointheatpreservationfor15min,electric
equipment,aftercollectingimages.
(9)by1℃ /minheatingrateupto30℃.After0.5h

insulation,theequipmentisenergizedandtheimageis
collected.
(10)by1℃ /mincoolingrateandcoolingtoroom
temperature,theendofthetest.
Eachtemperaturepointcontinuouslycollects1024lines
ofimages,thatis,eachtemperaturepointcanobtainan
imageof8192(column)x1024(line).

3. TEMPERATUREVERIFICATIONTESTRESULTSOF
CCDDETECTOR

Themeanvalueofthedarksignalandthemeansquare
rootofthe TDICCD atdifferenttemperatures can be
obtained by calculating the image collected ateach
temperaturepoint.Table1showsthecalculationresults
ofdarksignalsatdifferenttemperaturesofTDICCD.Table
2showsthecalculationresultsofdynamicrangeofthe
detectoratdifferenttemperatures.

Set
temperature
℃

Theactual
temperature
measured
℃

Darksignalvalue
The
average
value

Root
mean
square
value

30 30.0 571.19 13.457
25 25.5 429.78 12.197
20 20.8 330.31 11.163
15 15.9 263.32 10.349
10 10.9 223.06 9.772
5 5.8 199.20 9.348
0 1.0 184.61 9.058
-5 -4.1 176.51 8.875
-10 -9.0 171.67 8.731
-15 -14.1 168.40 8.623
-10 -9.2 172.98 8.735
-5 -4.3 177.92 8.880
0 0.4 185.50 9.074
5 5.5 198.36 9.342
10 10.4 220.68 9.733
15 15.2 257.83 10.294
20 20.1 317.91 11.046
25 25.0 413.84 12.085
30 30.3 559.65 13.421

Table1.Thecalculationresultsofdarksignalsatdifferent
temperaturesofTDICCD

Set
temperature
℃

Theactual
temperature
measured
℃

Dynamicrange

30 30.0 1175.06：1

25 25.5 1308.04：1

20 20.8 1438.12：1

15 15.9 1557.70：1

10 10.9 1653.80：1

5 5.8 1731.36：1

0 1.0 1788.41：1

-5 -4.1 1826.20：1

-10 -9.0 1856.87：1

-15 -14.1 1880.51：1

-10 -9.2 1855.87：1

-5 -4.3 1825.01：1

0 0.4 1785.16：1

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3, 2018 
ISPRS TC III Mid-term Symposium “Developments, Technologies and Applications in Remote Sensing”, 7–10 May, Beijing, China

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-3-2327-2018 | © Authors 2018. CC BY 4.0 License.

 
2328



5 5.5 1732.57：1

10 10.4 1660.67：1

15 15.2 1566.56：1

20 20.1 1454.47：1

25 25.0 1321.49：1

30 30.3 1179.07：1

Table2.Thecalculationresultsofdynamicrangeofthe
detectoratdifferenttemperatures

Afteranalyzingtheexperimentaldata,theinfluenceof
temperatureonthedarksignalanddynamicrangeof
TDICCDisobtained.Figure4isthequantitative
relationshipbetweentemperatureandthemeanvalueof
darksignals.FIG.5isthequantitativerelationshipofthe
influenceoftemperatureonthemeansquarerootofdark
signal(darknoise).Figure6isthequantitative
relationshipbetweentemperatureanddynamicrangeof
thedetector.

Figure4.thequantitativerelationshipbetween
temperatureandthemeanvalueofdarksignals

Figure5.thequantitativerelationshipofthe
influenceoftemperatureonthemeansquarerootofdark

signal(darknoise)

Figure6.thequantitativerelationshipbetween
temperatureanddynamicrangeofthedetector

4. CONCLUSION

TheinfluenceoftemperatureonTDICCDdarksignaland
dynamicrangeisobtainedbyanalyzingtheexperimental
results.Thefollowingconclusionscanbeobtained:(1)
thelowerthecontroltemperatureofCCD,thelowerthe
darksignallevelofCCD,andthelowerthedarksignal
noise;(2)using temperature controltechnology can
reducethedarksignalofCCD,especiallythedarksignal
noise,which can improve the dynamic range ofthe
cameraandimprovetheimagingcapabilityofthecamera
withlowirradiance.
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