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Design of imaging system of cloud and aerosol polarization
imager with high signal-to—noise ratio

Li Shuai'?, Xu Shuyan', Liu Dongbin', Zhang Hang'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To capture the space —borne remote sensing aerosol data with high signal —to —noise ratio
(SNR), according to the chain of the imaging system, the main factors on the SNR of spectrometer
were presented. Combined with the imaging system response model and the expression of SNR, a
modular design method for high SNR of spectrometer imaging circuit system was proposed for visible
detectors and infrared detectors. From the overall design to the module design of Cloud and Aerosol
Polarization Imager (CAPI) imaging circuit development plan was described. The radiation calibration
experimental results indicate that the minimum SNR of visible channel image under typical radiance
conditions is 50.9 dB, the minimum SNR of infrared channel image under typical radiance conditions is
62.3 dB. The design method of visible detectors and infrared detectors provides references for other
spectrometer imaging circuit system in remote sensing fields.
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Fig.1 Sketch map of imaging circuit system

A DL PRI 25 A L B Ak B, — BB AR A
A RCRAE D BE . AT A2 54 45 TR 2y e AR R4 45 2
AE o ZLAMAIN A5 (9 AR AL BHE U 2 AT RO
BRIV AT DAL AR A0 Ak L P S A R 1 T 2 ) R X R
AT R MR, 5E BUCT AL BEA KT AL B
P AT G A7 FIVRE 5 S A0 B R A AL B R K ) R
A AEBCTT R R AR AL B AR 1 D AR DL 4 1 Ak B
PR I R A3 A L L B 5 L e ) S R P R

B0 A B B A O B A BB AR B A A o X
O, TSP AR B TR 2 RO BT S Bl A
TS IIRE

SR 5y r, g Rl L S o) A6 0 R R A T
SRR B Bl A Py i P I S R £ W LY S BB Y o

PR 55 i s Sy BEAULAE 5, 285 UM A0 807 Al b

1111006-2



LGk TR

% 11 #

www.irla.cn

547 %

P B E S B T ECFE 5 M e TRE S 40
THURE Sy S ik, W LA 220 K v B 0 0 TR £ M L
FRY 2 ), DAL I A 8 A PR b, B AL B O 2
Wi A5 0 e LU 1 S B BR T, R A 4 ) P 0K 2 F B
U HEL B O R B DA S A A R B D AR A . R
A 5 53 A7 3 DU A 2H B ER 3 XoF 155 M4 L 1) 52 i)

i T 9K B HEL B D R MR RS 43 0 Ol my R g,
PR A B G R TR B Y MR S 3 A mag R gy,
R N S R DO e i B N LB L
TR RAE B3 97 32 Gaa T Gop, I A JHLAG TR GE WG N

N40=gaaX (8opX (My+1g) + M) + 144 (D

XF T hxk 1) EG AR AR RMS JE 2,08 4 Ui

B R G MR

h k 2
e B e @

It e N L S N N I T R B (S
P AL FE PRI A B 00 I RO TR S R ORI RS A
D) B 5% L B AR 8 0 R R

ntotalz V nj +nj +nj (3)
S mg g FBORE I P 5 ng Dy IR RO R A
AR A e B A 2R R 20 B = 5 U IR
SR 5 M B, 51 Lk SNR AT 7R 8 -

SNR=—S¢__ (4)

ntnlal
R 25 R 10 ' BE 8 D 1R T IR L oo T AR
ANAR 3 I (6] A I AL,y AR 6 ™ AR A 5 T4
Se Al R RN

A+AX
Se={ J)\ E'(MA, 1, n(V)dA |/ (hel)) (5)

AP EN(A) R T G B IR BE 5 A Sk B T B3 4% T
TR 52, R FLA BRF 6] 5 () 2 000 2% T30 sh hy
B v A e AR HEL A K
150000 T 8 B ET (V) AT LR N
%] (6)
A L) AL AR RN 1) s a2 5 7, D) 2 &R
S0 TS R L B s DIf 62 R G AR ALAR
AR, BRI WA T, N
P2 EUR A5 M L, RS R AIGR L B R g T
fEWETS

E'(M=L(A)T,(A)

-p‘:]

2 ZERBEREUNLAG R G IRIT

i bR BT IE AT, i R B O B H B R R
M e AU, JF U R A Ak B P 8% D % TR R B A 4
I RIS R, B AR G R B X AT
DL AR 5 A0 L0 SR I A% — R B AR, R
58 Lok DA S SR BT
2.1 AT Ay

CAPT AT UL HAL A5 A G iy 200 2 A5 400 i o Ak
SNV TR R GBI NI D5 -8 SRS Kl /I 111 INE Y T/
FLURSE G2 o O T R DT AN AR G A T A ]
ST MR AR EOR A5 A OLLAR Gt R AR R
fEME = 5 R ER, 0 2 R 200 5% 2 18] Y S
PR, 2 5 BB ASCRT DL B AL AR R B R 5
PR P T AR PN ES R AN 2 R

| " 1 " " ]
L CEDL [t €Cbh2 ! ©EDh3 I CED4 | €CDhs |
] 1 | 1 ]
i Ground :i Ground :i Ground :i Ground :i Ground ||
| plane |!t| plane [11] plane |!'| plane |!!| plane |1
] " 1 " 1 ]
| | Biasing | || | Biasing | |} | Biasing | || | Biasing [ || | Biasing | |
| | power 1|} |powerl|}}|powerl|||powerl]|}|powerl ||
I I " I " ]
| Biasing i Biasing i Biasing i Biasing i Biasing i
i | power2 i power 2 i power 2 i power 2 i power 2 i
| i i i i i
] I ] n ] ]
I I 1 " " ]
[ I n I

Space-borne secondary power source and ground plane

I 1

I Space-borne primary power source and ground plane l

P 2 Y5 S T D 2

Fig.2 Topology structure of power and ground plane

CAPI #] WL FfL ik A 7 - = 4k B CCD #5102
KLI-2113, H 1 58 4 A0 [A] 19 = 2% A7 06 i 4R 48 B
FVH R, B AT HAT 2 098 A 2018 0T 12 A4 oo
A2 AR, BA 76 dB 3250 H , W HL U A L
7 0.02 pAlpixel, Hi i % £ 50 % 0.999 99, 451l #5 4%
MRERI A 3 iR, FESHE 1,

gl N G NG

LOGn ]

ey W sy ¥ o | ~
1 < 2098 activ
Photodiode array |12 test pixi‘i‘s”e -El I;‘darkld)R D RD VDD

Gl o=
1G o4 ¥G2c>-D—D—[ O . L
2
1o o[ J{ T LICL LML e
b, Cells TITTTITTTTITTITTTTTTT T ooy
b o L1 [ 1 ]
b2s SUB
SUR

Pl 3 KLI2113 #f5 i Jit 2 4]
Fig.3 Single channel schematic of KLI2113

1111006-3



bk T2

% 11

www.irla.cn

# 47 %

1 KLI2113 = E 5 #
Tab.1 Main parameters of CCD KLI-2113

Parameter Value
Pixels 2 098x3
Saturation output voltage/V 2.0
Dynamic range/dB 76
Saturation signal charge 170 000
Charge transfer efficiency 0.999 99
Dark current 0.02 pA/pixel
Output sensitivity 11.5 pV/e
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Tab.2 Typical bias voltage requirements

of KLI2113
Symbol Parameter Value/V
Vo Reset drain bias +12.0
Vo Output buffer supply +12.0
Vis Light shield/Drain bias +12.0
Vig Test pin—input gate/LOG +12.0
Vip Test pin—input diode +12.0
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Fig.4 Circuit design of bias power
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Tab.3 Main parameters of OM7560

Parameter Value
Resolution/bit 12
Sample rate/MHz 30
Input voltage/V 0-2
Input impedance/k(} 63
Input capacitance/pF 1

PGA gain/dB 0-36
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Tab.4 Main parameters of InGaAs detector

Parameter Value
Pixels 2 048x1
Dark current 0.5 pA@293 K
Gain settings/fF 5-830

Dynamic range 75:1 to 2 800:1

Spectral band/pm 0.9-1.7
Outputs 2
Quantum efficiency 0.8
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Fig.5 Application circuit design of operational amplifier
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Tab.5 Main parameters of THS1206

Parameter Value

Resolution/bit 12

Signal—to—noise 68 dB at 2 MHz

Differential nonlinearity error +1 LSB
Integral nonlinearity error +1.5 LSB
Analog inputs 4
Power/mW 291 (Max)
Analog input voltage/V 0.5-4.5
S T T E SR A 2 3 22 O s, Bt
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Tab.6 Required SNR and actual SNR
Radiance when SNR test Typical radiance
Number Channel Required SNR Actual SNR ! 7\:/ oo ypt o 14 B
/(W-m™-pum™"-sr™") /(W-m™-pum™"-sr™")
1 380 nm channel 260 442 3.38 28.0
2 670 nm polarization angle 0° 160 419 13.88 22.0
3 670 nm polarization angle 60° 160 354 9.4 22.0
4 670 nm polarization angle 120° 160 415 6.88 22.0
5 870 nm channel 400 411 12.5 25.0
6 1 375 nm channel 180 1 686 6.0 6.0
7 1 640 nm polarization angle 0° 110 1 317 7.3 7.3
3 1 640 nm polarization angle 60° 110 1 442 7.3 7.3
9 1 640 nm polarization angle 120° 110 1 403 7.3 7.3
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