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Abstract According to current problem that the time-varying systematic error of image geometric positioning is
difficult to be compensated, an algorithm based on Fourier series model is proposed to achieve the on ground
compensation of time-varying systematic error. The digital orthophoto map/digital elevation model reference data of
geometric calibration field is used for accuracy verification. The data of Yaogan-26 satellite launched in December
2014 is analyzed, the results show that, this designed on ground compensation model of time-varying systematic error
can effectively improve the image geometric accuracy under no ground control points, and the image geometric
positioning accuracy after compensation can be increased about 40 % .
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Fig. 1 Flow chart of modeling the time-varying systematic error compensation of optical remote sensing satellite image
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Fig. 2 Statistics chart of multi-turn track’s A and B star sensor optical axis angle error versus time
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Fig. 3 Statistics chart of multi-turn track’s A and C star sensor optical axis angle error versus time
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PR A 2 BURR A 1 G Bih O<  SCSR BIRT DU S — 1> B UL AR A R AR T 72000 A bR R B 25280, I 2 R
TR S 8] D6 ey e A AR A I b SR S O AU RE HE R AR AR AL L DT X Ol 2 TR AR T LARDHRS BE 7 AR S e, 8]
2~ AR 43 AT 45 FEAT L A3 ) RA PR BT S0 R R 2 A 5 A — E AR A AR | [ AT T A B R AR E Y R A0
BEE — AR R A IR 7 B HEATAEBbs E L SN PR R T S S G —

2) P ISR X B v A o 45 A3 BT

SR A BT Bk I A8 2 0 0% 22 ) Ol 2 1 ST B S AR L ARDRS B2 A 52 ) 1 S X B R 1 S 10 S A S E R AT
FAE RS — RIE LB ST RS EMEN G —. B 5~ (O HE R A5 B EBURSALA & L2 1)
e BC B 2 [] 1 56 A0 2 BOTE I Ut VR 201 LA S AR AA = A T 1) B 8] 1) 728 A B AR .y 23 B A5 30 D A L R
Bl LA R AR = A T 1) B 0 T 300 S B0 R 300 v A Ak [ st i A A % A8 ARV LA — 107 ~ 5" 3R B Y AR AR e
o —5"~ 15" ARFAM A 1 A2 AL Gy — 5"~ 10",

15 03 PR O TR TE S 52 R A0 IR I L 75 S B T A80OA S LS L il AR b B UG B B R B 2 A 3¢
PAT o DRI 28 8 2 0 AT A 2 R B B R R TR O 00 . R R TR A A U0 8 SR 3 B
DAL S AU M 8 5 A L TR B BT 5 Ca) ~ (o) IR 1145 SR A B W], S [ 2 U 2 0 A 190 o 400 5 o 22 [ 8 S8 A7 A 22
St E AT N TR R MERY G — o E— 20 SR A B OB BRI AB 5 BC WS JE 400356 0 22 ] ) B 45 2 ik
THLE BB 5 () ~ (o) 4 BT Al i, Ao B 485 784 (%) 006 45 2 55 0 0 &5 R LA W 6, o LA B 0 1 300 1) 4%
R AU M 22 () 2 4 2 s mT R ) [R)RE ) D AT R R AL

3) A 4 Xof B v A o 45 A BT

1228001-5



ot % Es i

arameter —— calibration parameter

—.— calibration I
—— Fourier model

—— Fourier model

: =
_10 ; +f ) ) (a) -5 L L . L (b)
0 05 1.0 15 20 25 it : 25
Epoch /10° —.calibration parameter poc

—— Fourier model

05 1.0 15 2.0 25
Epoch /10°

Bl 5 ABHEHES BC B MEZ (8] # #e S 5UN fE DU 2 5 A 0k @S5 RS LB . oA s (b) IR 8015 Co iF A
Fig. 5 Comparison chart of orbit calibration and Fourier modeling results of transformation parameters between
AB and BC datum. (a) Yaw; (b) roll; (c) pitch

25 (1] RV A5 [] R A o B R 25 55 0T b UL I A IL %) 6 O R 7 A S e . R T TR R A0 K Y B K A
WA E R 1% UL ECE AR DOM/DEM 3088 M6 2.2 45 19 7 ¥ I i A5 3] T 2 800k s A HLIG E 19 K 400418 A
FRAE J2000 A bR R T A LB . RN, BT 2.1 WAk T IS 8 N B S R ME R — 1 RS S8 IR e
BREBIMET WEES B AL RS ECET S . B 6(a) ~ (o) X N #B 3 1E 5 X5 b AR AL i 22 (8] 5% 46
SHCECREE AT T g it DR AU, WA JE 0 22 (0] 0 5 40 2 8006 25 018 T 30 )R A7 A ) 0 A
& s B AR AL 75 ) A9 A5 A R 0"~ 15" 38 8l J7 ] 9 28 A6 3 Bl Ry — 20" ~ 10" A0 J 1) 19 A8 463 iRy 107 ~40",

—— calibration parameter

—— calibration parameter I
15— Fourier model
&

—— Fourier model

: : : , @) : . . (b)
0 0.5 1.0 15 2.0 2.5 0 0.5 1.0 15 2.0 25

Epoch /10° . . Epoch /10°
—— calibration parameter

—— Fourier model

0 05 1.0 15 2.0 2.5
Epoch /10°

6 PR AR o 5 0 b AR AL R UE 2 18] e e S BOMFE B s 5 00 B o A B R LU . Co B s (DD TR Bl 5 (o) JRFAD
Fig. 6 Comparison chart of orbit calibration and Fourier modeling results of transformation parameters between

internal and earth observation camera datum. (a) Yaw; (b) roll; (¢) pitch

AT T B PN R T 5 Xk M AR B v 2 T A 8 2 B 00 4 A A X S AR AR B2 7 A A B2 i () A 2

e L ok 5 R ) I P AR AL B I S RO AT A LA A R S I A R AR — B, R 1 53R 2 gt TR
ARG R ZEAME AT S 2 ORI LTRT RIS 0L . GEiT 25 R R W], AR R TR 25 AN L A2 (A AR JC 1 ) A
FAFT B LA E LLAE BEZY Ry 70 m, #MEE ST B SE RLKS BE 298 40 m, BER S SRR T 29 4000 R B B $2 1 A I
8 ZR G U 2 M TR A T7 U5 T DA 800035 i 0 B 506 AR B LA R B . AT AR 3l 22 I el A UL i)
B ASOH B JH SIS B I8 R SRR 22 HEAT 1 o0 AT AR L AEUAS ] 23 DR 3R 5 R A R U I A AR SRR 22 T AR

1228001-6



e % Es i1

38 22 47 19 WL I R BE AT 0 AT, R — P AR R b BEAT AL . AT B RO U A% O T A R BRI L BE
X U TE A S0 Y L P IR AR R 2E AT TR S Ah IR IR AN SOt LR AR I AR R G iR 22 P AETE
A0 A 55 AR AT A 1% 22 ok e L O R SO0 HG g A TR A R 2 R AT AR G AN L 1 A AE 2 60 00 B AR R Y
TR 2% | i 5 B AR 7 — 20 X AR A8 R A0 2R 22 BEAT 204

R ORIMANE R GE0R 22 H LB A 2 (AR JLATRS JE SE it

Table 1 Statistics geometric accuracy of panchromatic image without time-varying systematic error compensation model

) ) ) o Mean offset /m RMS of offset /m

Time Side swing /(°) Place Positioning accuracy /m
dx dy mdx mdy
2015-05-30T11:24 3.929 Songshan 86.196 84.557 11.167 85.428 11.476
2015-07-13T13:41 16.882 Anyang 3.746 0.756 0.868 2.565 2.729
2015-07-17T13:35 3.944 Taiyuan 138.892 —84.591 —106.691 86.319 108.812
2015-07-21T13:29 —9.810 Yili 73.528 —52.280  —49.580 53.362 50.585
2015-07-24T13:48 30.355 Dongying 15.190 —13.099 2.722 14.361 4,950
2015-08-13T13:39 10.530 Sanya 81.509 —55.203 —58.084 56.161 59.073
2015-08-17T13:38 8.341 Lijiang 41.880 —31.777  —25.431 32.671 26.202
2015-08-18T13:14 —38.493 Beijing 84.676 —48.798 66.629 50.034 68.313
2015-08-21T13:37 5.779 Lasha 47.052 —42.016 18.855 42.871 19.389
RMS 74.649 53.139 50.320 54.131 51.403
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Table 2 Statistics geometric accuracy of panchromatic image with time-varying systematic error compensation model

] ) ) o Mean offset /m RMS of offset /m

Time Side swing /(*) Place Positioning accuracy /m
dx dy mdx mdy
2015-05-30T11:24 3.929 Songshan 58.311 57.475 —5.288 58.020 5.816
2015-07-13T13:41 16.882 Anyang 3.819 0.898 1.015 2.461 2.920
2015-07-17T13:35 3.944 Taiyuan 17.843 12.285 11.963 12.877 12.352
2015-07-21T13:29 —9.810 Yili 29.222 —0.925 28.500 1.869 29.162
2015-07-24T13:48 30.355 Dongying 24.833 9.036 21.611 9.770 22.831
2015-08-13T13:39 10.530 Sanya 34.051 —26.199  —20.625 26.768 21.046
2015-08-17T13:38 8.341 Lijiang 27.374 11.264 23.869 11.765 24.716
2015-08-18T13:14 —38.493 Beijing 77.244 —48.979 57.537 50.062 58.825
2015-08-21T13:37 5.779 Lasha 40.414 —3.254 39.077 4.631 40.148
RMS 40.431 27.407 28.448 27.927 29.235
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