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Block Adjustment of Satellite Images Using Line—of—Sight
Direction Angle Correction
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Abstract: Objectives: For the satellite images with large attitude measurement error, wide field angle and
weak intersection, the traditional block adjustment of rational function mode (RFM) has limited error com-
pensation ability. Although establishing error model from the object-space can avoid the limitations, the
model construction of existing methods is more complicated. Methods: First, the line-of-sight vector of image
point is recovered by REM. Then, the error model for the line-of-sight direction angle is constructed, with
a number of parameters consistent with the traditional method. Finally, the model parameters are solved by
block adjustment. Results: Experiments on simulated and real Gaofen—1 wide field view satellite images
show that the proposed method can always maintain an image—side positioning accuracy of about 1 pixel un-
der different angular element errors. When using 13 control points, the plane positioning accuracy can reach
12.63 m, and the elevation positioning accuracy can reach 17.20 m. Experiments on Gaofen—2 satellite
images with intersection angle of only 0.05° show that this method can obtain an adjustment convergence re-
sult with an image—side positioning accuracy of 1.89 pixel. Conclusions: Compared with the traditional
methods, the method using line—of-sight direction angle correction can achieve better and more stable posi-
tioning results for the satellite images with large attitude measurement errors and wide field angles, and can

obtain convergence results without weak intersection detection and digital elevation model assistance in the
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block adjustment under weak intersection conditions.

Key words: line-of-sight vector recovery; line-of-sight direction angle; block adjustment; non—mapping

satellite; weak intersection
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Fig.1 Recovering Line-of-Sight Vector
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Table 3 Accuracy Statistics of Simulated Data Model with 2 Parameters
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1 0 0 0 0 0 0 0.91 12.97 17.80 0.88 12.63 17.20
2 100 100 100 0 0 0 0.95 14.14 17.52 0.93 14.40 19.82
3 1000 1000 1000 0 0 0 2.42 46.28 105.59 3.06 58.57 157.12
4 0 0 0 20" 20" 20" 0.93 13.11 20.68 0.91 13.01 18.43
5 0 0 0 40" 40" 40" 0.94 13.15 23.18 0.92 12.98 18.34
6 0 0 0 60" 60" 60" 0.99 13.45 26.14 0.93 12.96 18.26
7 0 0 0 20" 20’ 20’ 6.47 103.53 264.43 4.88 31.38 20.67
8 0 0 0 40’ 40’ 40’ 13.19 192.75 530.16 9.71 61.01 32.96
9 0 0 0 60’ 60" 60’ 20.49 270.91 812.42 14.59 92.61 47.96
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Table 4 Accuracy Statistics of Simulated Data Model with 6 Parameters
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X Y oz ES W W %Or/RE WITEE/m W EE/m o G5 /RE WOrPE/m W E R /m
10 0 0 0 0 0 0 0.94 13.40 18.22 0.95 13.50 18.43
11 100 100 100 0 0 0 0.99 13.73 24.10 1.01 13.93 24.74
12 1000 1000 1000 0 0 0 1.18 20.07 21.14 1.00 13.98 25.09
13 0 0 0 20" 20" 20" 1.00 13.80 24.25 1.02 14.02 24.71
14 0 0 0 40" 40" 40" 0.99 13.78 24.04 1.02 14.03 24.71
15 0 0 0 60" 60" 60" 0.96 13.83 23.83 1.02 14.04 24.71
16 0 0 0 20’ 20" 20" 2.91 54.36 17.88 1.06 14.80 24.83
17 0 0 0 40’ 40" 40" 5.81 104.03 31.25 1.12 15.74 25.03
18 0 0 0 60’ 60" 60" 8.87 152.34 59.84 1.19 16.80 25.31
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Fig.5 Accuracy of Angle Elements Error Compensation
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Table 5 Accuracy Statistics of Mapping Satellite Images Model with 2 Parameters
R A5 A5 7 R 22
K AR/ %
2 Y Nk T3 R
Wi A fiest ik Tk
1475 -1/ ) . 145 - T ) . ) . .
Y518 /m Y R /m YIOTFE/m WOrE R /m RO FE W5 EE e
B S
0 8.95 6.23 3.74 8.95 6.23 3.73 0.00 0.00 0.27
10 4.15 2.80 3.49 4.16 2.81 3.49 —0.24 —0.36 0.00
GF-7
15 4.02 2.69 3.52 4.02 2.69 3.52 0.00 0.00 0.00
20 3.97 2.67 3.47 3.98 2.67 3.46 —0.25 0.00 0.29
0 5.19 25.95 11.36 5.16 25.79 11.19 0.58 0.60 1.50
10 3.97 18.14 9.62 3.97 18.15 9.63 0.00 —0.06 —0.10
TH-1
15 3.93 18.06 10.48 3.93 18.07 10.49 0.00 —0.06 —0.10
22 3.89 18.02 9.44 3.89 18.05 9.44 0.00 —0.17 0.00
6 NADEXBGIRBESITR(6SHER)
Table 6 Accuracy Statistics of Mapping Satellite Image Model with 6 Parameters
R A5 o515 o P iR 22
K AR AR/ Y
4. e — v —
WAL B R e ik — ARSI
1407 -1 ) . 1407 F- T ) . ) ] .
. W5 ST /m W) R /m WP/ m WA/ m BOFE W Y e
/&% /&%
0 8.94 6.22 3.74 8.92 6.22 3.86 0.22 0.00 —3.21
10 4.29 2.83 3.24 4.29 2.83 3.24 0.00 0.00 0.00
GF-7
15 3.69 2.43 2.74 3.68 2.42 2.74 0.27 0.41 0.00
20 3.44 2.21 2.76 3.44 2.21 2.76 0.00 0.00 0.00
0 4.88 25.51 7.36 4.99 26.08 7.53 —2.25 —2.23 —2.31
10 2.56 11.93 4.92 2.56 11.92 4.89 0.00 0.08 0.61
TH-1
15 2.22 10.58 4.85 2.21 10.54 4.83 0.45 0.38 0.41
22 2.35 11.52 5.73 2.34 11.47 5.73 0.43 0.43 0.00
7 EFNLIEFBGIRBERITRQCSHER)
Table 7 Accuracy Statistics of Non—mapping Satellite Images Model with 2 Parameters
o A 0 O R 22
AR/ %
é“ N S /s S,
WAL s [EE RS KNSR
%05 F- T ‘ . 1§07 F- T . . .
Y05 16 /m W7 R /m WO/ m W ER/m AR R WO R W R
ES MG %
0 6.40 98.22 37.16 6.41 98.18 38.01 —0.16 0.04 —2.29
GF-1 5 1.06 15.73 19.00 1.01 15.00 18.65 4.72 4.64 1.84
WEV 8 0.97 14.02 17.58 0.92 13.40 17.02 5.15 4.42 3.19
13 0.91 12.97 17.80 0.88 12.63 17.20 3.30 2.62 3.37
0 43.06 51.98 —20.72
4 35.17 2.88 18.11 510.30 91.81
GF-2
8 31.80 2.96 14.40 464.80 90.69
10 30.19 2.96 17.16 576.67 90.20
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Table 8 Accuracy Statistics of Non—mapping Satellite Images Model with 6 Parameters

KA A5 2 7 iR 22
) ARk %
WA B 1507 — AT
1895 -1t ) . 14 7 - 18 ) . ) ) .
WFiH/m W E R/ m WOV /m YO e/ m RO YOI W R
/B #E /& #E
0 6.40 98.07 37.92 6.41 98.14 38.40 —0.16  —0.07 —1.27
GF-1 5 1.03 14.59 19.07 1.04 14.80 19.13 —0.97 —1.44 —0.31
WEV 8 0.97 14.04 18.13 0.98 14.22 18.23 —1.03 —1.28 —0.55
13 0.94 13.40 18.22 0.95 13.50 18.43 —1.06 —0.75 —1.15
0 41.61 47.49 —14.13
4 23.79 2.13 31.98 894.22 91.05
GF-2
8 23.12 1.89 23.82 641.59 91.83
10 22.00 1.99 27.13 719.29 90.95
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