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Design of 2D Image Motion Compensation Mirror

for Aerial Remote Sensing

XIA Yong-quan, JIA Jian-jun

(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: In aerial remote sensing, due to the vibration, aircraft motion and swing, there is relative

motion between the image of an object to be imaged and the CCD device when a camera is exposed. This

will result in image blur and smearing effect, ie. image motion. The image motion has great influence on

the quality and accuracy of an image. Therefore, the reduction of image motion has become an important

way to improve the performance of remote sensors.�� In this paper, the operation principle of a piezoelectric 2D image motion compensation mirror

is presented. The structure design and function realization of the mirror are described in detail. A

flexible hinge platform for a PZT piezoelectric ceramic driving compensation mirror is designed. The

2D compensation of the compensation mirror to the CCD image motion is realized. The performance

of the image motion compensation mirror model is analyzed and the performance of the image motion

compensation mirror is verified experimentally.
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>kP!�D�% 0kg�TfkgN?�9[�B_x�;�>C�!�J[~�%�S��R
V�
�G<A�K�!K�F�{f3�!�P�2 0�
2 -6�=�$6)+`��3M%Dg'WDex�2 0GF1fh<'Wa�
�0!4llH!�o[P 0h8G�\B��m�M�~4,>1zB�2k�
hPJ[�5�/6�T�>�2O3P3���
���k'<�A'Wa�6b�� [2]P��X_kg�m 1 w�A6b��P��X_�kPFfm�uX_�k>�`X_�� PID X_�m#ns3��`��A6b
����O�` 0W'�Mh`�
�2�t{2n�A+{2n? �6�ONP�+n e(k) ww PID X_�PL2�Bd�Ot, 0W'���X_�41�	K��O'Wa�6b���L2{2n Xd(k) �D�6b
�� L �ON 0X_W' uL(k) �'['Wa��w℄

2[�A+L9{2 X(k) 7��t{2[�+���X_�RC�w�i� PID Y:�'[�j℄GN~xPZ{B_�
3 �SK&;m V_w 250m/s (0.8 y�) �R�H- (IFOV) w 0.1mrad �m x_w 15km ��EH�w 1.5m �#n�.w 2ms �P+�k�P�2H�w 250m/s×2ms=0.5m=0.033mrad �M'< 320×256 E`)�Ph1��}MVx�)X9
P3�Vww 40/(256×1.5/250-

0.125)=28.3◦/s �=�k�P�2Oew	 28.3×17.5×2ms=

0.992mrad� 0G

3~ 1/4 3O (75mm) �Z#G~ZIw 0.25×120/sin45=42.2mm �Z# 05_w 0.992×4=3.97mrad�D�4N)X�ONoP�2 0/$1�	
• G~ZI	 42.2mm (t�)

• j[5_	 1.98mrad

• B_	 < 20µrad

• �9V_	 100Hz

4 =�$6)+`��3�S�'WDex�2 0G�ki/>0!4l�℄�h`D'Wa�'[��{^uYD>!��W%X_#n�ofX2^-Rs3�
(1) h8G}M;)/$'<ZIw 40mmP k2 �k��~^V0��aPh8�5�AA,)I�A+9<�vw�r�aPh8��G��_Dm�Tv�k!�sKBG~��

n 1
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n 2 !1H�l<�8F&�$kÆn 1�� (\X( VAD (V) uI|3o (µm) X/ (nF ± 10%) pj (N) bj (N) 8F (mm)

WTYD0808055 0 ∼ +150 ≥ 40 2200 500 5 8 × 8 × 40�=�)X��Zw 5mm �
(2) 0!4l(P:�8U14ZN�i/>�k�9�w�'Wa�tHL9i�!�sK�&qL!�n�&q�_��d$�RPZ�Dfx)X�?�En��	��&qZw

1Cr18Ni9Ti��_w 2mm �.��\_�x_Qw 0.6mm �,��6w{pT��y�L,)9i,<f�
(3)'Wa�P$<?7E�tHL9{2�tHL9i�W'{2%��!_�tHW.R�_�te$<g# 26 )JZP PZT a�u{2��
(4) 9��'<

W) BE350–3AA(11)N4�i�9�����Wr[w 349.9 ± 0.1 �r��Pw 2.09 ± 1% �

5 *oA�m 3wI,;�PS���
�a�jG��%Dz4�E���'[WGR��%Dz4)n�jGPA+5_���E���*9��Ph`lH���)I�aE^!)I�1W'B�jG�j5_)n�S�oGNZ#�jjv%�!

_�[^)ni/)I�
X_��P�w�9jv�

n 3

5.1 �����~n�F X � Y hE^R�W'5_%��1m 4ZE�MX_W'B 0VN 120V���jG�j5_w 16n (4.7mrad)�zq;)/$�j�MR�X_� X � Y h
a%�GN�ÆP�!_�℄Mm`?� 1 nP�+�i�,9��h`V�;�
5.2 }���
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n 4|9 0 � 1 � 100 � 300 � 1000HzPW	*Up'[����*�9Up�Bm 5 V5S9�M'[��w 10Hz 5����jG��5*Up 14 nPL9�M��w 100Hz��UpQ/N*UpP 70%v��V5-w 100HzF�9\�w�j��*NWGWtH�RCY�wP4?dR,�N 100Hz�RCY�wP4?d/���bF>A'[Wu'[�i?��"�L9~HWt�1
'<'[�i~�P�wlH���
� Pi �SP,��VGNP*Up�9�wM 100Hz 54�

n 5

5.3 x�����1m 6 ZE� CH3 w 1V (
9 10V '[W') L2k���� CH1 � CH4 n�wex�jG XY h��8I�9�� (9����L9lH��) �V5S9�8I�9�.QM 5ms5��zq;)/$�

n 6

6 Z�B�}Æ�bxp'W'[ex�2 0GP;)��a;�;)�W%;)�'W'[ex�2 0GN?an!�B_x��9�wxR
V��;)wwex�2 0GP�-;)�GNpD�P;)���{	��
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