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Abstract: To reduce and eliminate the effects of pendulum frame processing, assembly error, sensor
error on the pointing accuracy of a double pendulum frame seeker, a new pointing error calibration
method was introduced through model linearization and least square estimation method. The kinematic

equations of the system were built according to the kinematics of the double pendulum frame seeker
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and each error term affecting the pointing accuracy. Then, the kinematic equations were reconstructed
to establish the linear equation from the vector of control input to the actual pointing vector. Finally,
according to the step-solving ideas, the least square method was used to obtain the mapping matrix
from the vector of control input to the actual pointing vector and to implement the pointing calibra-
tion. The experiment results show that after calibration the means of the yaw angle error and pitch
angle error have reduced from the original 92. 63 "and 75. 94" to 2. 86 "and 2. 85", respectively,and
the standard deviations have also reduced from 95.01 "and 77. 44" to 11.11 "and 11. 15", respective-
ly. The results demonstrate that the proposed calibration algorithm has high accuracy and good stabil-
ity in the working space of the light of sight of the seeker, and can be conveniently applied. This
method also is able to be widely used in pointing error calibration in various types of optoelectronic de-
vices.
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Fig.1 Diagram of seeker structure
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Tab.1 Experiment data for calibration"!”
i AL ARFAD 1 i i

fiR2/(H  —20°  —16°  —12°  —¢° —4° 0° 4° 8° 12° 16° 20°
. 146.0 138.9 143.4 106.7 137.8 106. 6 106. 1 128.5 127.8 130. 6 103.0

- 73.8 71.4 80. 5 48. 4 84. 2 57.4 61.3 88.1 91.5 98. 2 74.4
o 129.3 113.3 128.2 105. 8 107. 4 116.7 121. 8 114.5 111.9 94. 4 121.3

ol 64.9 53.4 72.9 54.9 60.9 74.5 83.9 80. 6 81.9 68. 1 98.5
. 113.9 103. 4 92.4 99.3 103.4 127.4 126.5 108.5 103. 8 119.3 112. 8

s 57.0 50.9 44. 3 55.6 63.9 92.0 95.1 80.9 79.9 98. 8 95.6

. 107.6 116.8 93.4 114.1 86.9 93.9 110. 2 119.5 110. 4 97.9 95.1

o 57.9 71.5 52.4 77.3 54.2 65.1 85.2 98.0 92.3 83.1 83.3

e e 118.3 96. 7 93.4 109. 5 91.8 99.9 78.6 88.9 91.6 113.9 89.2
75.8 58.5 59.3 79.4 65. 6 77.5 59.8 73.5 79.4 105.0 82.7
g 73.9 90.1 75.1 109. 5 99.3 81.5 96.1 83.6 86.9 74.0 107. 2
" 0 38.5 58.8 47.8 86. 1 79.6 65.4 83.5 74.1 80.4 70. 3 105.9
. 71.9 78.3 93.4 77.0 95.1 96.9 104. 2 95.8 98.2 79.5 85.2

fi ! 43.5 53.9 73.0 60. 3 82.0 87.2 97.7 92.2 97. 4 81.2 89.2
3 77.6 66.8 82.5 73.2 79.4 76.7 89.1 97.1 63.7 86.8 66. 2

’ 56.3 49. 69.0 63.3 72.9 73.4 88.8 99.6 68. 8 94.0 75.5

. 63.3 58.9 51.4 79.4 76.0 52.4 83.8 65.0 78.0 57.8 92.8
2 49. 4 48. 7 44.9 76.3 76.2 55.6 89.9 73.7 88.9 70.7 107.5

B 53.0 57.9 66. 1 58.3 66. 8 52.1 85.8 78.9 85.7 58.9 75.5

0 46.5 55.1 66. 8 62.4 74.0 62.1 98.5 93.9 102. 7 77.6 95.7

B 52.5 36. 8 65.9 47.5 59.2 67.4 74.6 62.1 46.5 63.7 77.1
20 53.8 41.7 74.2 59.0 73.6 84.4 94. 0 83.7 69. 8 88.5 103. 1
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Tab. 2 Experiment data for validation™"
A A 5 40 i fii B!
faiRz/(H  —19° —14° —10° —7° —3° 2° 9° 15° 18°
R 126. 4 133.3 134 109. 8 141.1 126. 4 125.6 127.9 112.6
o 59.3 72 77.2 56.4 92.2 83 89.5 97.6 85.2
150 122.3 107 130 105. 3 98.9 109. 4 122.8 98.4 119
61 51.3 78.8 57.4 55.4 71 91.5 72.7 96
g 104. 3 115.8 98. 2 105. 3 121.7 112.1 105.7 123.8 102. 3
53.9 70.9 57.6 67.8 88. 2 83.6 83.6 107 87.6
11t g0 98.5 97.1 98.7 113.2 104. 8 85.1 90. 7 88.3 83.5
60. 6 64.5 70.1 87.4 82.8 67.6 79 81.1 78.3
i 5 86. 8 76.3 67.2 100. 8 89.9 99.5 100. 1 78.8 80. 5
57.7 52.2 47 83.4 76.1 89.9 95.8 78.5 82.1
R 66. 2 96. 2 77.7 64. 8 71.9 80. 8 74.3 72.2 78.3
£ ! 44,1 79 64. 3 54.1 64. 6 77.4 75.9 77.5 85.3
10° 67.9 91.3 72.1 75.7 77.6 58. 6 94.3 92.5 73.5
51.2 79. 4 63.8 70.1 75.2 60. 1 101 102 84. 6
14° 76.9 61.2 64. 3 84.7 68. 7 80. 1 72.6 87.8 90. 2
67.6 56. 6 63.1 86 73.1 88. 1 84.9 103 107
19° 70.5 53.1 54.6 77.1 78 77.5 82 65.9 51.3
70.7 57.8 62.6 87.5 91.3 94 102 88. 8 75.3
xR3 BHHRELER
Tab. 3 Calibrated values of parameter H
(HX10*) Hi, H;.» Hi; H;., His H;. H;.; H;s H;,
H, 4. 685 —4.793 —0.748 —4.711 —0.911 1 004.819 0. 555 0.215 0.318
H,,; 8.971 —9.175 —0.281 —9.328 —2.121 9.982 1.731 —0.008 1000.314
H;,; —10. 885 11. 107 0. 361 11.078  —998.053 —11.671 —1.999 —0.185 —0.637
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Tab. 4
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Comparison between original and calibrated er-

rors of light of sight
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