549 B 9 1 o F % Vol.49 No.9
2020 4 9 A ACTA PHOTONICA SINICA September 2020

Sl # 3 : TU Bi-hai, YAO Ping-ping, MENG Bing-huan, et al/. Research on Non-uniformity Correction of Detector for
Directional Polarimetric CameralJ]. Acta Photonica Sinica s 2020, 49(9):0911002
TR FEUE L WM R AL 22 A i B BRSO 5% AR 2 A A IE R AT 725 9. 2020, 49(9) 10911002

A i 7 (R4 19 (SRR 3l 50 e T T 5

e SRR B A R
(1 v E B2 5 A BE A SRR 24T 5% Bt &8 O 25 R S HLMUIE 58 BT, & IR 230031)
2 T EREHAR RS A 230026)
(3 E Bl B R S RIE AR BRI, A1 230031)

W E4EEHIREEL KMNBEAS AL REBRFLHREIRAX. E—FEAEAXR S
BRER.FEZ—RE. A RBFERGEMNBERSE R AEGER IR BFRAT S AETREAZY
W B G BARES FATRMNBESNKEE, KRR E B RL R a5
HEHKE. 23R MESAE BEAMFERELATHRE, IR BEHHRIEHF S S ERE,
HIR T EARIR R B B 2 F A AR G M L. EHR AW O5N B EMBERL T R —K Ry
1LI4I% % Z 0513%  REGHBRFAAARERE REGHRFAHSRERATRIFEEE,
AT EL5AENEHNARREFT EFANBNEAFRR EES Pk LRE T HIE LA B S HhIRE R
DT & X

KEE AR ARG LTS B AR EE; RBEIEH S BB

hE S %S . TH386.5 SCEEARIRAD ;A doi:10.3788/gzxb20204909.0911002

Research on Non-uniformity Correction of Detector
for Directional Polarimetric Camera

TU Bi-hai"*?, YAO Ping-ping'*, MENG Bing-huan'?, WENG Jian-wen''**,
HUANG Chan'*?, HONG Jin""*
(1 Anhui Institute of Optics and Fine Mechanics, He fei Institutes of Physical Science ,
Chinese Academy of Science, Hefei 230031, China)
(2 University of Science and Technology of China s Hefei 230026, China)
(3 Key Laboratory of Optical Calibration and Characterization, Chinese Academy of Science, Hefei 230031, China)

Abstract: The image non-uniformity is related to many factors such as lens, detector assembly, spatial
stray light, etc. The single correction method can not distinguish the error source effectively. In view of
the on orbit working mode of polarization imager based on integral time adjustment, the non-uniformity
correction method of detector based on multi parameters is studied. Through the comprehensive test
equipment of CCD detector, the datas of sensitive factors such as temperature, dark current, exposure
time and specrtal response are obtained. After a seris of preprocessing of the image including removal of

darkness signal,removal of smearing effect and temperature conpenstion, the low-frequency unbalanced
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response difference of the image surface is eliminated, and the high-frequency difference is effectively
suppressed. The experimental results show that the photo response non-uniformity of 95% full well
single frame data is reduced from 1.141% to 0.513%. After correction, the data noise is shown as shot
noise. After correction, the detectorhas good dynamic range adjustment ability and linearity. The non-
uniformity correction method based on multi parameters is used to provide data support for calibration
correction and on orbit fast calculation of the instrument, and provide effective reference for the following
polarization remote sensing instruments.

Key words: Polarization imaging camera; Charge coupled device; Multi-parameters correction; Imaging
non-uniformity; Integration time
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Table 1 Specifications of directional polarization camera

Content

Parameter

Orbit type
Orbit altitude
Filed of view
Spatial resolution
Number of multi-angle
Spectral band
Angle of polarizer

Band selection mode

Sun synchronous orbit
708 km
118.74°

3.29 km (sub-satellite point)

9 (along orbit)

443 nm,565 nm,763 nm,765 nm,910 nm.490 nm(P),670 nm(P),865 nm(P)

0%,60°,120°

Filter wheel

Imaging method Staring
Detector array size 512X512
Pixel size 22.5 pmX22.5 pm
Focal length of system 4.833 mm
Relative aperture 14
SR A8 A 249 53 140 K (9 52 0 T LA 22 A B2 § CCD

BT BT UNIEL 2 PR 258 25 SRR T R S8 5 %
JE A IR AR AR ) i 5 Sk S B 22 A EE RN L o ik
YA AMEETT U5 S BN TR] — H A A i 4 000 4L B 75000
TR o 08 6 R e 8 20 1 B B Ul e, S B I 2 A

<\D %A g Len

22 0 T O R 0 kAN [ 9B BBE A R Y AR AR S A

£ CCD ANJal (i %, Je Je A A 4 3 i H AR 19 8 A4 2 ERIHTE

PEEE O AN F Y T2 LB, AE 340 MRS IE R £ Fig.2 On-orbit working indication
JEE I Oy T

MR AGARE TR AT LA 73 B P 0 8 A 2 S AT 14 2 R RH 5C Ak B i I 5 S0 i 7 A R ot S 1 R I A e RS A

VIEEE I b S S NN |
Diyp=A* « G« T{p(Pht, « I5, + Pt «Qf., + P4, « UL +C,, (D

XD BRI AE T sk KRB B o R Kl i A R 22307 100 5 L. p AR OC AR AR R AT G o A X 46 43 &
TORL L T2 WO G i S G IS [R]85 T O A Xk a5 e 24 o oz 2% 560 55 A6 D DB OG 20 PR A X B R e &
GEARARZ 12 3 AR 5 v AR B A 8 C S5 5 R G A AR B bR R G (1, Q. UD S AR B 48
el i Py Py Py AR IR R SR R IR N SR TT I M 0 007 0E S AR O B0 BE Sk R i BE e AN i ik
R WRE P (0, ¢) =1+ X" (@) cos2 (¢ —a"*), Py (0,4)=2X"cos2(g —a"*) +e" (),
P4e(0,4)=2A"sin2(¢ —a"*)

A = AN T 1) A S AT LU A SO AR 2 K20 R AR i 2 i T, . Q1L
Ui, D NG S .C AR M i RSB .

I, Di, —C.,
Qf.p (Mﬁ - D;; _Cl.p (2)
Uf/; Df/iicl.p

LY e 5 00 35 2L R R 0 1R BT B = A T 1 CCD I SRS A  R BN C, 5 2) B S
A B S 4 R B A A S OB 53) COD A M A HEXT T2 MR 3ok S0 B W 5 3 3 B 146 0 38 1
50 B T R A T H DR L U B
2 RUBEHIMRERR

22 F1 P Al % I AGASC A X by LI A g% o O i ) SO 88 4 T 3, 43 A7 A AT DL RITE 21 0 i B ASC e 1 A S i g

0911002-3



D/ R S 14

JEE 2 i 25 8] B 455 NI 18] 09 748 A 2% A AN ] 0 S0 el 5 25 I 3 A7 70 90060 A0 s AT A R e B 5 A A A 3
P AT AR ) =k TARRE L Bl b I A A 5 OB

1.0

=
2
—
e
—

=
=
T

<
=~
T

Spectral response/(a.u.)

=
o

|
’J\ } I\

0 L ] " L
400 450 500 550 600 650 700 750 800 850 900 950
Wavelength/nm

B3 tikem mE &
Fig.3 Spectral response curve
i B AR AS A S T N B B AR A 1 3 25 R A AL AR X TE TR 2 i B3 i
) AN ] 2 H00 8 5 825 1 b S 5 38 I3 o 7 88 0 7 004 S A 1 45 58l L T 500 AR e AT RORL SR G
2 B BOWF o 1 B TR 0[] 9 2 A A 0 DN 5 A G D v
PRI 5 A AN 18] 4, CCD #E AT ASOGR AR B B R A7 15 5 8 B, 08 e RVASE B0 e, T 4 752 22 B 6
{4 (Field Programmable Gate Arry, FPGA) 52 il #2241 , Sy i 4% = Ak 2040

I \
I \
| ; Analog front | |
: Pre-amplifier ol ;
| } 4
AeraCCD (€ g o l FPGA
I \
I \
| P | |
I ower \
| supply | EEPROM
I [
CCh Electric circuit Controller

Ha HUBLAHTE
Fig.4 Schematic of detector assembly
TR 2% 20 PR W SR YR AN 5 s, R [ 1 B CCD LR AR HL 5 A AD 55 40 i 5% i K | % L AD #%
e P, % 1) T G R P AT e MR e R Ak MR P AT e R P i A R 1 S P, B U IR e AR G2 N TR SR Y CCD B
R M7 A JRE I RS T PRNU MRS A SC A3 B 17 A IS M 75 R AR 34 5 0 TE 19 b 37 %

Shot noise .
PRNU noise Reset noise ADC noise
floor noise 1/f noise
Aera CCD Amplifer ADC FPGA

Hs HRUBLAGETE
Fig.5 Noise composition of detector assembly

S 56 SR FOB IF A R 25 25 DI AR G EAT AR B SRR IEWF Y F 58 AN [l AR 43 Ik ) 25 10 CCD i i %8
e AL RGN 6 B, EEAE D BEE;2) 6 A h BOCHOm AL ; 3) - BROL IR 4) CCD
BIER AR R G0 5 5) TP Ve 50 5 6) L TR it 2 ).

FR3 TR PN B 1B KT O BRI DGR, 18 5 B L IR] it U g ole A PR GE I IR WD 5 T AR B B — 2 A
SRS ) - 0 3 AR R A L FH T 6 IR R i bR A e R 5 CR A R et B B8 5 ol A LA S
SR AR TN 25 T T 2 2 AR PR B e 40 R 4 e I TR TR

0911002~ 4



U S L 5 22 A P O AR AR ASCIR I 8 e 1 S M AL IE AT Y

Agilent data
collector

L

Dark room
Optical power
monitor . CC,D
— T T T T T T Temperature monitor cooling
( b system

| Segmented A ( . )
uniform 0.— _____ CCD image acquisition ~ NI
I illumination - _li“il ter CCD system ] > < PC
| light source - \ /
Integrating
\‘ ____sphere | | Substrate

Six dimensional precise adjustment mechanism

K6 TWHECCD#tEMEElRALET &
Fig.6 Electro-optical test system of CCD

2 1 T3 i i FICAR ASCHR I 25 A 249 20 PEAG TE S 9 20 RN

1) e CCD 8 ri i B X i AR 3 3R S IR O 11 APty 5

2) WY ARy Bk L AT A BAE S BRI B R OF ST A AR IR

3) B AT R G, B E R A P B AR IR

4) BCE A FR o3I 1] I X s o R

5) S 56 e e S At 0 B RO R R R M PRI 45 A I R AR Ak

3 ;’: Eﬁ ;ﬂ *}E ﬁ *ﬁ ( CCD reiw data )

3.1 HEaEnE Dark current correction
S5 AR BOR A A 6 Bt A 2 2 i 50l . 4 [

T FEE MO0 S i Y D A T 5 L R R A O TR R AR b Smearing effect correction

AU 5 BE AR AL KR A IE R AR AN I 7, 5 AR LR OE |

iR — B0 S0 00 B Ak P T S RCE i AR Temperature correction

TE IR AR AR R AN I O DR AR E MRS 2 S B |

EJE Al 2 Sk A PRNU & IE R 48 & 5 LD eetgian

W Y i 2 MR P S D S RN 100 it [T 4R 1 |

T PRNU £ IE 5 85 38 3o 2560 25 4105 2 0 7T 2K ( oNpoat )

WA R 1R 15 5 5 4 80 R (Digital M7 BEAERAE

Number, DN) %t #&. Fig.7 Data processing {low

32 BEEKIE

B 5 E ORI E CCD IS HL UL, BRI T] Uk 2 R 7 290 B 45 1) 722 A DA R ASC A8 1 3 8 8 2% 52 il I F,
T » I PR I A A R B 2 W B 3 00 25 A KT I I b A0V VR A AR R S 3 E bR e B S SR RO R e AR ik
BRSO E T DAE R 8 s W0 A 0 P A AR — it 4 0 37 A e R (A, T S I AR OE [ B S R 0T
Tt 0 4R R

M S ol A Tt e An 1 8 T R N IR R g R 5~ 7 CC L S L A 2y — A%, CCD IR S
A, 5 E 3L R R A AR AR R B, 20 °C B A IS EL I 0 CC Y 6 22 A L AR FE 5 AR L — BUR R IE Tk R
JFH 0 37 F0 52 3 388 RN 64T L AR I 100 ot 195 37 5040 , - 15 05 67 I H Jat . AR () R 43 I ) 2% 12 T 1 1 P, 9 722 1k
MLk e o, R R,

0911002~ 5



_ 480
7, 700001 . 460
. v
7, 60000} / 3;8 - e
Z -
£ 50000} / & 400} v/
£ 40000} . =380t ,/
3 / = 360} e
50 30 000 A 2 3401 e
172} =) v
£ 20000} - 2320} e
< i & 3001 v
£ 10000f e 280
L " /
= oF 260 2
1 1 1 1 L L L 240 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 0 20 40 60 80 100 120140 160 180 200 220
CCD temperature/C Integration time/ms
B8 mE W MR E R AL & ECT = Wl e e R
Fig.8 Dark current changes with temperature Fig.9 Dark current changes with integration time

3.3 MEBRIE

PR 5 e I WiUS% B8 1R 2R 450 CCD ., MU % 418 1000 5 10 i e 76 5 5, 445 o B W 43 D' Hi ir 3 552 B W i
e Mo A m Ao A HE O A P, R IR AT AR Sl e A RD I 25 R O S BUIR T MR LA 3 2 8 o 3 A 4R 0 4
LR EONE T A Ak T B U A% S R 4 RS B ORI O T UG T L SR P v R T S AR 1 B T
10 WTi% R K2 IE BT Jm B9 6F FE I M BR T 825 AR B E] . H AR G A2 A 52 2% L 5 B0 WU A% A IE 1 47 3 17
PEor Mt L.

(a) Raw data (b) Corrected data

B 10 Wisk Ak

Fig.10 Frame transfer correction

34 BE.REAME 100
0 28 2L R I T T T 3 g 2 2 A 0
=
BTV 114305 27 S B 3 W B A K Dk 8 R 1 3 70
(=]
SIPE B IE B B XS 0 B AT R B A B 3 60
1 [21:22) S 50
e e s ‘ £ %
A L 9 BT T B vk Rk 5l = %
L=L,[14+(T =T, +f.,] (3) < 20
ST g PRI B LR I L L, Oy B A 5 (D
. £, R M B R A T B R M L R TE 00400500 600 700 800900 100G
JEfH.910 nm BRI 0.28 %6 /°C W f, = S
0.0028, 865 nm W B W M % L K B Sl B G A

Fig.11 Spectral response curve of detector

0.17%/°C , 0 £, =0.001 7, 52 5 xt 7% vh J5 & 25 4k
INT 1 °C, HiA U B BE 5 W) 1] 22 8 AT SR T B U T IR B A 7 YR I TR U B 7 AR B iR N T
0.1% 58 ¢ ARSI IR AR A BE b RO R BRI D AN R A2 EE I 8 L, Fon iRk h

0911002-6



U S L 5 22 A P O AR AR ASCIR I 8 e 1 S M AL IE AT Y

JML(/\)r(A)dA

Ly, =~ 4)

JM F (O dA
P, LOQO RS ERRE K A PGS, BDG ISR S5z 45 58 0 QO W ALESAH X G TE M R 2K A, A,
kR BLIESC R R0 BT BRI L IR A 1F R BUE AT IR 22 5 a0 AR X BUE . R AR 12 DN {8 25 i o §E

SeE L TR

SEI6 3T 1] R W I R T 12 BT L BEER 6.1 C oM AR IE AL TR E AR AR LN T 0.2 °C L IR RUR R,
TR RN,
6.5 54.390
641 > 54.385)
63} E
S 54380}
062‘ N o A\ ) N %
H 6] \/\,J /\\\\/\\\ /\\J,\J/ \\7;77]\\\;/ - \</‘\ ‘5 543751
26.0» 2 54370
£ 2
2597 S 54365
8538l =
9 S 54360/
“s7t g
5.6/ & 54355}
55 54350 L
0 30 60 90 120 150 180 210 240260 0 5 10 15 20 25 30 35 40 45

Number of collection points

W12 BEEMEE

Fig.12 Temperature change monitoring

Time/min

B13 bR A M AR

Fig.13 Monitoring data of light source stability

o7 P v D00 215 P M 0 5 0 D s s Y0 R A A R i, S 8 RO RS R R AR AR 22 4, BESROB IR Ik B FA
T R A PR EAT I R T e/ R 22 R K RO YRS E PR W 30 min NIRRAELE/NT 0.5%.

SIS PR R I B W R 13, e K 25 R 0.025 7 %[ (54.375—54.361) /54.368 ] Bl BROG IR R E L i A2
SR EK.
3.5 FEHEMRKIE
HVE LA A AR, A8 B B ], AR B 0~ 75 ms 9000
11 115 S 2o I R L WU R T L T A O 8 000f
R R (S N 1 75 ms BUTBEELDN BT
ﬁé:& 8 000, 4k TR M 26 BF 95 %6 . B dhe 2o vk FE R4 2 5000
BB ] Ry O ms B, BRCH0E (B A /0N L 60k A 8 423 O, 2 4000
i LA IE WU S 26 2 5 B O U R A AR 5% g 3 000f
S KOHR A AR T 0L 5 4 1 2000~
6 4 2 T U B3 L 7 T R
D —AP=E ) ’ 0o Ii?egrat?(?ntimse(;ms 0w
X, 2l ZSBRIENMEFENAEKGESHE D= Bk e
[DN;.DN.» . DN, J". i AZH & P =[11. 1502 Fig.14 Linear response curve

1sorut, 1], ZEBA=[a. 0], E=[¢,s¢5, e, |"

Fi 2 KPR A ELAE A= P"P) 'P'D RBGE R TR SR A, MIBES B A ... 8
LA R PRNU KIE A FE ATSNY A0 K R BE R K, A0 0 [ i 0k 22 50 [ S 90 4% 00 0 45
R IE.

PRNU 1 I0 0 B A — B R 7R3 16 A PF T BT 8] W 1 22 S 3 A 0E S5 B9 A 1158 7 vk il 2878

0911002-7



= Coi)
# M . N == /‘l J
1 M—1 N—1 -
S =N (i —p)* (6)
i=0 j=0
2
PRNUz;ﬁxwo%
§2

K M (N i FE CCD SEHURZR I AT BN I E e, 50 AT, 56 7 SUGTTH M RAA . s* N IE G BHR A
ARG T 22 5 10 IREIE S5 R A 5% o0 1 2 (.

M 7 RN 24 5 e S i) 2 B 5 15 5 R 1L 70 85 KT 88 K, s 88 95 V0 Tk IR B0 it 250 0 P 0 ] B A 800 A A IE
BOCRANE 15 s .l PRNU B IE Z2 50, 4 5 TR 351742 0E , BREHE PRNU H 1.141 % FR&510.513 %.
A 1E FT L 15 Ca) A BT 408 A R AR 9 49 20 1 L 2 1E Ji5 TET 15 (o) AR T AR A 35 45 22 5 T B,

= 8500 o 8500
8400 8400
8300 8300
8200 8200
8100 8100
8000 8000
7900 7900
7 800 7 800
7700 7700
7 600 7 600
7500 7500

0 50 100 150 200 250 300 350 400 450 500
Number of columns Number of columns
(a) Raw data at 95% range (b) Single frame correction data

H15 B AR AR E A E Rt

Fig.15 Comparison before and after single frame data correction

i BT P 3 B v A 249 2 R A T AR B R R S 249 AT B A S 2 BRI P S {ELR L X R
His B 1 (L 16 Ca)) AT 10 IU&RH 1 22 )5 05 PR (BT 16 (o) ) o AT AT 3l ok J5E 4y 080 1 289 1 O 1 RS & B IR 35 )
PEBRFE N pwy » (T BR B INAEAE S S PRI P 1 A BIORE R P N g T BIORZ IR A B2 00, P 16 (h) BT s, i 6
A TE S T 1 4 W v A 3 SO PR TE ORI R HIORE MR A R I A A A

10 Wi - 2 ) B e T BR T O BORL e A L SRS HE AT AR B S PERCIE R A 16 (D B L AIE R
PRNU F#Z 0.100 LA . [R]ISJH BR 1 BIORE M A5 AR 3 23 PR L AR 39 2 P45 304 B0 E.

HT LA_E 20 A AT 1, 95 D0 il B S MURICHE A A DE A0CR 2 T AR A0 37 AL 3 50 1 L AR B T s A AR 1 2
PEIGAT B O IE /N T ORI RS20 T 6 rp 2 A A 248 D00 4 2 1 2 220 A R b, SR A Al 3 S Pk I A
A7 J M 7P 45 80 A ORI - 9 2 22 3 e 1

1200 2500

1000 2000
€800 =

& 21500
g 4
=~ 600 ©
2 B

E 400 g 1000
~ z

200 500

0 0

7500 7700 7 900 8100 8300 8500 7 500 7 700 7900 8100 8300 8500
Response value/DN Response value/DN
(a) Histogram of single raw data (b) Histogram of single correction data

0911002~ 8



U S L 5 22 A P O AR AR ASCIR I 8 e 1 S M AL IE AT Y

1200 12 000
1000 10 000
£ 800 E 8000t
2 1)
g o
= 600 © 6000r
o] o]
‘é’ £
2 400 § 4000}
200 20001
0 0
73500 7700 7900 8100 8300 8500 7 500 7700 7900 8 100 8300 8500
Response value/DN Response value/DN
(c) Average histogram of ten images (d) Correction of average histogram for ten images
W16 HgMEREM)EHETT A
Fig.16 Histogram of data before and after non-uniformity correction
Ay
4 Hig

22 F7 B i A1 S AG SR A 32 8 I A5 12 R 2= i 41 A S AR P S A W03 9 Al 34 5 P 5 i 22 8 B o
o R B2 AR IE 5 1 8 A TF A SCEE i B B A 3G 3k AR 43 BF 1] 8 2 3 2548 Bl A AR =, AT 1 180 2%
A AFAR A PR E B S Gl R IR 45 22 2 i MBI, AT 1S [ AR 3 i [8) T 4500 e 1 2 B 43 . ok
i LU L WU B A8 IR E D R DY U BB 1 A AR TE e I AR AR B T R A B Stk R 2 R UL E AT
S AT AE 2 A0 PE RS TE. 95 ¥4 5 B BA T RCHE B2 1E ) PRNU | 1.141% FFEE] 0.513 % o A5 34 5 B 75 1 AS JiE e
1520 OB IE B 5 32 20 3R I R HORL MR 75 . 10 TECHE 7 34 )5 #E 17K IE . PRNU & 2 0,126 LAY, UKL
FE AR YA P PR AR I MR R XA A5 B A R I A AR T 2D R S e AR bR B AR T R BR A W 2 2 A
JEEBCHE I TH S o IS S A B I R 4 A 22 %5
S % Lk
[1] DINER D J, CHIPMAN R, BEAUDRY N A, et al. An integrated multiangle, multispectral, and polarimetric imaging
concept for aerosol remote sensing from space[ CJ. SPIE, 2005, 5659 88-96.
[2] BOTTGER U, PREUSKER R, NIEKE J. Radiative transfer model STORM for full Stokes vector calculations for a plane
parallel atmosphere-surface-system[ CJ. SPIE, 2005, 5§979. 59791V.
[3] HUANG C, MENG B H, CHANG Y Y, et al. Geometric calibration method based on a two-dimensional turntable for a
directional polarimetric cameral J]. Applied Optics, 2020, 59(1): 226-233
[4] DAI Jun, GAO Juan, FAN Zhi-guo. Polarization-maintaining capacity of backscattered linearly and circularly polarized
lights[J]. Chinese Journal of Lasers, 2017, 44(5): 0505002.
WA &5 U . LA IROG 5 R =65 i B fn i CR 4 8 0 LT, A O . 2017 ,44(5) 10505002,
[5] ZHANG Yan-juan, WANG Xia, HE Si. Polarization properties of rough surfaces based on polarized bi-directional
reflectance distribution function[J]. Acta Optica Sinica, 2018, 38(3): 0329002,
TAE S, R PR B T PR X In] S5 S 43 A e A AR 2 v O B ke PR LT, D6 2B 4, 2018,38(3) :0329002.
[6] HUANG C, ZHANG M M, CHANG Y Y. et al. Directional polarization camera stray light analysis and correction[J].
Applied Optics, 2019, 58(26); 7042-7049
[7] WENG Jian-wen, YUAN Yin-lin, KANG Qing, er al.Calibration method of smear in the sun glint region of directional
polarization camera remote sensing images[J]. Acta Photonica Sinica , 2020, 49(2): 0228002.
FTHE 0, AR L R LS. 2 A R R 5 (3R S PR R R X 4 3 PR A LE Bk [T ). OB T4 425 2020, 49(2) 10228002,
[8] CHEN Fei-nan, HUANG Chan, HONG Jin, et al. In Flight radiation evaluation and validation of directional polarimetic
cameral J]. Aerospace Shanhai, 2019, 36(S2): 126-136-+172.
WRAEAR SR, e 5 R IR 2 A R R R WA VR T S B maE pr5e [J]. BigAT K, 2019,36(S2) :
126-136+172.
[9] LIANG Shao-lin, WANG Yong-mei, MAO Jing-hua, et al. Test for pixel non-uniformity of scientific optical CCD[]].
Infrared and Laser Engineering » 2019, 48(4) . 0417004.
Qb L0k, BHTE . B 400 CCDRRA SR MG [T ], 40 5 BOE TR .2019,48(4) 10417004,
[10] CHENG Wan-sheng, ZHAO Jie, CAI He-gao, et al. Correctionmethod of pixel response nonuniformity of CCD[]].
Optics and Precision Engineering , 2008, 16(2): 314-317.
FEOT I, XA BR A 5 5. CCD R ZE R 3B ¥ 50 AL IE ik [T S % T/, 2008, 16(2): 314-317.
0911002- 9



D/ R S 14

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

BAI Le, LAI Xuefeng, HAN Wei-qiang, et al. An infrared image nonuniformity correction method adapted to
adjustment of integrationtime[ ] ]. Acta Photonica Sinica , 2020, 49(1): 0110002.

FI AR M0 U, W A o, S 3 O AR I T 9 R A 2080 AR AR B Sy TR Dy s LT ). 6 T4k 2020,49(1) 10110002,

LI Jing, ZHU Bin, GUO Li-xin. et al. A method of non-uniformity correction based on adaptively adjusting integration
time[ J]. Acta Photonica Sinica, 2013, 42(4): 486-490

ZE i AR, SN A — TR AR S B ) O N A A AR A A IR SREE LT ] A, 2013 ,42(4) : 486-490.

JIANG Ping, WANG En-de, JIN Lei, et al.Uncooled infrared stripe noise correction algorithm based on multiscale
analysisand weighted least squares[]]. Acta Photonica Sinica, 2019, 48(9): 0910002

LV ERE, &8, 5. ST 2 RE 0T MU /> Z ek B ARl 2 4040 2 SO R A IE B [T, T 2F 4, 2019, 48
(9):0910002

LIU Li-ying, LI Ye. ZHENG Feng. et al. Nonlinearity characteristic modeling and correction of CCD spectroradiometer
[J1.Acta Photonica Sinica, 2019, 48(8): 0804002.

X%, 42 W FR U, 45 CCD 18 I i A AR L R PE @ 8 5 A IE LT ], D F 2% 4, 2019, 48(8) : 0804002,

YANG Wang-feng, HONG Jin, QIAO Yan-li. Optical design of spaceborne directional polarization cameral J]. Acta
Optica Sinica , 2015, 35(8): 0822005.

AR b TR B A R IR AR DO RGBT, aF%1, 2015,35(8) 10822005,

GU Ming-li. Methods for the in-flight absolute radiation calibration of space-borne remote sensors[]]. Spacecraft
Recovery & Remote Sensing , 2000, 21(1); 16-21.

JB5T 4 V. B A U A TE AT I A 2 % A S A T ik LT KGR ] 5 8 I, 2000,21(1) : 16-21 5.

GAO Cai-xia, JIANG Xiao-guang, MA Lin-lin, et al. Review of radiometric cross-calibration [ J]. Arid Land
Geography, 2013, 36(1): 139-146.

R0, BRI RIS UR S E AR SRR ] TR X L 2013,36(1) :139-146.

TORRES B, DUBOVIK O, TOLEDANO C. et al. Sensitivity of aerosol retrieval to geometrical configuration of
ground-based sun/sky radiometer observations[J]. Atmospheric Chemistry and Physics, 2014, 14(2) . 847-875.
DUBOVIK O, SMIRNOV A, HOLBEN B N, et al. Accuracy assessments of aerosol optical properties retrieved
fromaerosol robotic network (AERONET) sun and sky radiance measurements[ ]J]. Journal of Geophysical Research :
Atmospheres, 2000, 105(D8): 9791-9806.

ZHU Bin-qing. YUAN Yin-lin, KANG Qin, et al. Research on calibration method of in-band relative spectral
responsivity of polarization remote sensor[J]. Acta Optica Sinica, 2018, 38(7): 0712005.

UK AR REIE 5. PR 2 SR AR A PRE X G35 e 1 B AR T R R AR LT ). AR AR, 2018,38(7) 1 144-151.

HU Bin-ting, XU Tao, JIANG Shi-chen, et a/. Thermal control design of multi channel scanning imagery radiometer
[J]. Infrared Technology, 2011, 33(3): 141-146.

BN ARV UL E L A 000 T A SR AT T R D], Z0AMER . 2011,33(3) 1 141-146.

WANG Gan-quan, SHEN Xia, WANG Wei-chen, et al. On board adaptation of temperature of the FY-4 meteorological
satellite radiation imager[]J]. Journal of Infrared and Millimeter Waves, 2018, 37(5) :540-544,
EWR L, B E. B WS TR RS R B0 B 58 5E N LT]. 204 5 22Kk 2 4, 2018,37(5) .
540-544.

Foundation item: Major Special Project of High Resolution Earth Observation System (Civil Part) (No.30-Y20A19-9007-15/17), High
Resolution Earth Observation Special (Civil Part) Satellite Application Common Key Technology Project(No.50-Y20A38-0509-15/16)

0911002~ 10



