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Abstract The frame-transfer blurring effect is a key factor that affects the precision of polarization measurement
accuracy of highlight-target imaging via a frame-transfer array CCD camera. To improve the precision of spaceborne
polarization cameras, it is of great significance to carry out studies on the measurement and correction method of the
frame-transfer blurring effect. Considering the GF-5 satellite directional polarization camera (DPC) as an example,
this paper investigates the generation mechanism and features of the frame-transfer blurring effect. The frame-
transfer blurring effect is divided into the response-difference type, which is unrelated to the light conditions, and
the smear type, which depends on the light conditions. To correct the features of the frame-transfer blurring effect
in on-orbit imaging by the DPC, two correction models are proposed: the correction model of smear frame-transfer
blurring effect based on the matrix and dark line methods, and the correction model of response-difference frame-
transfer blurring effect based on the dark current channel. Finally, the optimal correction sequence and the
feasibility of correction by the response-difference and smear frame-transfer blurring effects are verified by an
integrating sphere. Additionally, the correction accuracy of the frame-transfer blurring effect in the DPC on orbit is
verified using sunlight. Experimental results show that the proposed method reduces the influence of the frame-
transfer blurring effect in the DPC on the polarization measurement accuracy of highlight targets, such as high
reflective cloud and solar flare, from 7.28% to 0.43%, satisfying the calibration requirement that the DPC
polarization measurement accuracy is <<2%.
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Fig. 1 Two types of frame-transfer blurring effect of DPC. (a) Smear; (b) response difference

between upper and lower parts
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Fig. 3 Results of frame-transfer blurring effect corrected by dark line method with correction sequence of smear type first

and then response-difference type. (a) Original imaging of integral sphere; (b) correction of smear frame-transfer

blurring effect; (c) correction of response-difference frame transfer blurring effect
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Fig. 4 Results of frame-transfer blurring effect corrected by dark line method with correction sequence of response-difference
type first and then smear type. (a) Correction of response-difference frame-transfer blurring effect; (b) correction of

smear frame-transfer blurring effect
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Fig. 5 Results of frame-transfer blurring effect corrected by matrix method with correction sequence of smear type first and
then response-difference type. (a) Correction of smear frame-transfer blurring effect; (b) correction of response-

difference frame transfer blurring effect
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Fig. 6 Results of frame-transfer blurring effect corrected by matrix method with correction sequence of response-difference
type first and then smear type. (a) Correction of response-difference frame-transfer blurring effect; (b) correction of

smear frame-transfer blurring effect
Fe o MR NA IE T SO S R B R T LR P O T A WU R AR S 2 — A TR R R
FIRIE, e ML R SR 20 00 45 L R i) s 2 4t 5 T % A%
4.2 IR Rz 2= 5 B o kg 75 AR R R0 AT BY 43 AT 98 IE AR 800 2R FH G5 A7 125 A 1E IR o 37 R TE i R 47 0 )3 22
HY 4T AT R R 2 S R R RS BRI ORI AE S R U RS AR RN G R AT B B IR A AL R4S

1228005-6



it ES

Es i

K DPC 203 F FR 4 Bk A% D 12 45 S b ot 17
BUE L B 7 Ca) SN o 3 AR DF e e B 5 A
L7 (b) Ay W FEL I 308 AR I o3 PR 3 AR DR 4 1 S
M) 07 2 S FR T 2 % AR 2007 A% I T Hp o 55 256 371 K
J3£ 1) 7 i R 13T

7 BT LLE R R I i R 22 S AR i 2 A%
R8I B 5 B 530 T8 B I L 1 5 CCD 177 5 &2
RVERZ, BRI 1,14 1 0F W 5 25 5 B0 i 5 7%
BOMIRON J5 A5 GE IE RE D 0,00, HY AT AT, IR L7
22 5 U MU s ASOMA A5 I 5 0 IR A% 1 TE OGRS

it 8 I BT 58 R E
4.3 HER BY iU 7 AR M 38 B 49 43 AT I E
4.3.1  RAe e nt 3 ¥ A DS A BB A S R B
o 5 A7 B 4E

TS s R AL AR SRR R AT R R U AR
R0 A IE o 0 PRAE 45 SR X LB S, SR AR 20 Bk N I
64 SR I H DPC T AE A 2038 B A i b A5 X, XF
DPC i JH 14 19 S5 8Os 2847 %5 3k, 43 51 ok
AT I 5 R 0 B AL T T AR TR I R AT AL IE AL OE
R nE 8 s .

3500

(b)
3000 - WMN-wﬂdwmuwmeﬂﬁm»wwﬂ”"*ﬂuvmw~www4w

— dark current channel response value
— before correction response value
— after correction response value

1000 |
500 - ,,,/—/-’“”””/”””//’/’//
0 100 200 300 400 500 600

Line No.
7m0 25 S TR0 i R AR 80N AG IE 5 SR . () B BR AT W37 AR B 422 11 5 (o) Wi i 25 S5 700t 27 % AR 260 17 A I

Fig. 7 Correction result of response-difference frame-transfer blurring effect. (a) Imaging mosaic of integral sphere
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Fig. 8 Comparison and verification of correction accuracy of smear frame-transfer blurring effect for unsaturated imaging

data. (a) Original smear frame-transfer blurring effect; (b) correction by dark line mothed; (c) correction by matrix

method; (d) gray-value curve of line 210 in spot
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Fig. 9 Comparison and verification of correction accuracy of smear frame-transfer blurring effect for saturated imaging data.

(a) Original smear frame-transfer blurring effect; (b) correction by dark line mothed; (c) correction by matrix

mothed; (d) gray-value curve of line 380 beneath spot
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Fig. 10 Polarization images before and after correction of frame-transfer blurring effect.

(a) Before correction; (b) after correction
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Fig. 11 Variation of relative value of polarization degree

along orbit before and after correction

%1 5% 2 4351k DPC 7E 8118 17 I i s 7% B
R8I0 A2 T T S J R R X5 0 R IX e 41 S 1) A 1E 3K
o R 1.3 1 R 2 0] 0 WG RS AR S5 BT
FE 5 X388 E W B0 1) L 0 B0 AR B 3 5 P R A
s AR F U2 B RSORS00 1) 5% 1, A2 T T S5 I B
FEAE 5 D 4% B {8 1 13.00% 28 9 12.66 % . 7£ 7F
0.34 %0 A8k . TR 28 1k A B 8 BE X A% OF i
Jo B R R 22 4 B A 7.28 Y F10.43 % . H it AT

25 GBI AR B 58 E AR IR U B2 SR 2580 1z f
i P B2 45 R B R TE 0.34 00 Ze A7 s AR H AR 51
s S5 = B K BH R B 45 v 5 H AR I fllﬁ%%ﬁ*ﬁ
S0 X i I B 445 SRR AT ik 7.28 %0 . ANRL B
SrHTAS R AT LA Y 24 R X R B e Hi‘m
N it e 4SS A 28000 8 D ik JEE T 5 45 R 19 5 i a]
ZWEATE 5 21 AR DB B 5 H bR I IR A% A
*E]&if”ﬁﬁ?ﬁﬁ?ﬁﬁ# (4 5 W G % 2 0% A1
WO AT W AR KON M AE . T8 S AR ST i X
T A A% R HH) 200 A IE i o PR AR Al AR B 7 LS AR R
IR A B R, i IR B2 i 22 B R AE 1h 7,28 0 &
0.43 % , i 2 DPC i 41 BE iy 22 0L T 2 2o 04 g 4i ) &
R RE R
K 1 DPC TE BB 47 W% B W50 00 42 1E /TR
AP W B DXl I Y A2 LE R
Table 1 Correction result of polarization degree in non-flare
region before and after correction of frame-transfer

blurring effect of on-orbit DPC

Polarization degree /% Polarization degree

deviation /%

Before correction After correction

13.00 12.66 0.34

# 2 DPC TE 8Lz 17 Wi B AR 2500 452 1 TR 0 36E DX i 9 B2 59 A 1E 28021

Table 2 Correction result of polarization degree in flare region before and after correction of

frame-transfer blurring effect of on-orbit DPC

Correction state

Theoretical polarization degree /% Actual polarization degree /%  Polarization degree deviation /%

Before correction 12.08 19.36 7.28
After correction 12.08 11.65 0.43
5 g w B4 I 2 5 e H i e 000 0 K R ) RN R W R 4R
A ("

P2 B8 AR AL 155 58 b AR . e A% A5

i 9 AR BIL 2 % SR A58 107 149 A T 7 0k 4R v L
R AR FRAREZE L., AU GF-5 TREZA
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