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Abstract Aerial camera causes image rotation problem in the process of rotating scanning reflector imaging, which
leads to image blur and degradation of image quality, so image rotation compensation system is essential for aerial
camera. At present, the distinguishing image blur by human eyes and synchronization control accuracy by electrical
machine are used to evaluate compensation performance of image rotation, but the image quality could not be
evaluated objectively and accurately. In order to establish the direct relationship between imaging quality of aerial
camera and other index of rotating compensation system, the dynamic modulation transfer function (MTF ) based on
polar coordinate is proposed. A new method combined with the slanted-edge method and blur path method is
proposed to measure the dynamic MTF of rotation image motion of the aerial camera. The rotating dynamic imaging
experiments are designed with sector target, and the image dynamic MTF calculated values are obtained using the
rotating dynamic MTF and slanted-edge method. The image dynamic measured MTF values are obtained based on

image fuzzy path. Experimental results show that, when rotate table with variable angular velocities from 20 (°)/s
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to 300 (°)/s, the spatial frequency is less than first zero frequency of rotating dynamic MTF, and the two dynamic
MTF curves are approximately coincide. Thus the correctness of the rotating dynamic MTF is demonstrated. When
the spatial frequency is less than 0.7 of zero frequency, the maximum values and mean values of dynamic MTF
relative errors are less than 6%, 2% respectively, thus the accuracy of the measurement method is proved.
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Fig. 1 Spatial frequency in polar coordinate
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Fig. 4 Sketch of dynamic imaging experiment
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Fig. 5 Experimental device
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Fig. 8 MTF curves of rotating image motion with different angular velocities
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Fig. 10 Relative error curves of the measured and calculated MTF of rotating image motion with different angular velocities
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Table 1 Relative error between the measured and calculated values of image rotation MTF with different angular velocities
Rotation speed /[ (") /s] 20 50 100 150 200 300
Max percentage error /% 1.8309 2.3086 5.0663 4.1963 0.7579 4.3671
Mean percentage error /% 0.7367 1.0801 1.7343 1.1620 0.2133 1.2300
o
s s
s o s
MTF;
s MTF ;
o , MTF,
MTF s . ,
, MTF s MTF s
; 0.7 s
6%, . , MTF .
MTF s s
s s MTF
, o , N ESF . N
MTF o s s
MTF

[1] Li Xinyang, Zhang Tao, Liu Zhiming, et al/. High accuracy compensation for image surface rotation of panoramic
TDICCD scanning aerial camera[ ] ]. Acta Optica Sinica, 2014, 34(6): 0611001.

0211001-10



(2]

(3]

[4]

[6]

7]

[8]

(9]

[10]

(1]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

, , . TDICCD (1] , 2014, 34(6):
0611001.
Yoon Y, Yu G, Noh G, et al. Robust scanning scheme over large area for airborne EOQ/IR camera[C]. Proceeding of
SPIE, 2011, 8185. 81850X.
Geng Wenbao, Zhai Linpei, Ding Yalin , e al. Characteristic analysis for image rotation of aerial camera[] ]. Infrared
and Laser Engineering, 2008, 37(6); 1053-1057.

, s , J , 2008, 37(6): 1053-1057.
Zhang Jichao, Zhou Jiufei. Zhang Lei. Image spin compensation on scanning frame remote sensor[] ]. Infrared and
Laser Engineering, 2012, 41(9): 2396-2400.

, . . 7. , 2012, 41(9): 2396-2400.
Liu Ming, Kuang Haipeng. Wu Hongsheng., et al. Survey on the image motion compensation technology[ ] ].
Electronics Optics & Control, 2004, 11(4); 46-49.

s s , (I » 2004, 11(4): 46-49.
Sun C, Ding Y. Wang D, er al. Backscanning step and stare imaging system with high frame rate and wide coverage
[J 1. Appl Opt, 2015, 54(16): 4960-4965.
Kuang Haipeng, Wang Dejiang, Sun Chongshang. On-chip compensation technology for scanning image motion of
integrated reconnaissance and attack aerial camera[ ] ]. Laser & Infrared, 2015, 45(4); 415-421.

. . . [J] , 2015, 45(4); 415-421.
Wang Junshan, Zhai Linpei, Ding Yalin , ez al. Characteristic analysis and correction technique about the image rotation
of aerial camera[] ]. Infrared and Laser Engineering, 2008, 37(3): 493-496.

) , . (] 5 2008, 37(3): 493
496.
Zheng Fei, Ding Yalin, Wu Xuefeng. er al. Analysis of image rotation for sweeping aerial camera with CCD area array
[J]. Infrared and Laser Engineering, 2009, 38(5): 897-900.

. . . CCD [JJ . 2009, 38(5): 897-900.
Tian Dapeng, Wang Dejiang. Bilateral control compesation method for image spin in scan imaging system :
201310254033.4[P]. 2013-09-18.

s . : 201310254033.4[P ]. 2013-09-18.
Tian D, Wang Y, Wang F , et al. Bilateral control-based compensation for rotation in imaging in scan imaging systems
[J]. Optical Engineering, 2015, 54(12): 124104.
Hadar O, Dror O, Kopeika N S. Image resolution limits resulting from mechanical vibrations. Part IV real-time
numerical calculation of optical transfer functions and experimental verification[] ]. Optical Engineering. 1994, 33(2):
566-578.
Stern A, Kopeika N S. Analytical method to calculate optical transfer functions for image motion and vibrations using
moments[] ]. ] Opt Soc Am A, 1997, 14(2): 388-396.
Qian Yixian, Liang Wei, Gao Xiaodong. Numerical analysis of dynamic modulation transfer function forhigh-resolution
aerial camera[ ] ]. Acta Optica Sinica, 2009, 29(1): 192-196.

s s . Jl , 2009, 29(1): 192-196.
Geng Wenbao, Zhai Linpei, Ding Yalin. Analysis of influence of vibration on transfer function in optics imaging system
[J]. Optics and Precision Engineering, 2009, 17(2): 314-320.

s s . J , 2009, 17(2): 314-320.
Wang Zhile, Zhuang Xuxia, Zhang lLanqging. Numerical calculation and analysis of dynamic MTF[] ]. Acta Optica
Sinica, 2011, 37(5): 590-596.

s s . MTF [J , 2011, 37(5): 590-596.
Sun Chongshang, Ding Yalin, Wang Dejiang, et al. Analysis and verification of influence of sinusoidal vibration on
imaging of aerial camera[] |. Acta Optica Sinica, 2014, 34(7); 0711001.

, . . [l . 2014, 34(7): 0711001.
Du Yanlu, Ding Yalin, Xu Yongsen , et al. Dynamic modulation transfer function analysis and research under sinusoidal
vibration[J ]. Acta Optica Sinica, 2015, 35(7): 0711001.

. . . 7. , 2015, 35(7): 0711001.

Hong Hanyu, Zhang Tianxu. Algebraic restoration for space variant blurring image in rotation motion[ ] |. Infrared and

0211001-11



(20]

[21]

[22]

(23]

Laser Engineering, 2003, 32(4 ). 394-397.

. . . , 2003, 32(4): 394-397.
Di Hui, Ding Xiaohua, Yu Qifeng. Restoration of uniform rotation motion blurred images based on Z transformation
[J]. Opto-Electronic Engineering, 2006, 33(4): 89-92.

, . . Z [J] . 2006, 33(4): 89-92.
Sun Chongshang, Wang Qi, Ding Yalin , e a/. Modulation transfer function measurement of image motion of aerial
camera based on slanted-edge method[] ]. Acta Optica Sinica, 2014, 34(12). 1212001.

, , . Jl , 2014, 34(12):
1212001.
Li Hang. Yan Changxiang, Yu Ping. et al. Measurement of modulation transfer function for IR imaging system[] ].
Optics and Precision Engineering, 2016, 24(4); 698-708.

s s , (Il , 2016, 24(4): 698-708.
Luo Yunchao. The research on the parameter identification and restoration of the rotation motion blurred image[D J.

Wuhan: Wuhan University of Technology, 2015.

(D] : , 2015.
Sun Jiaguang, Yang Changgui. Computer graphics[M ]. Beijing: Tsinghua University Press, 1998. 165-176.
’ : (M. : » 1998 165-176.

Xin Y, Pawlak M, Liao S. Accurate computation of Zernike moments in polar coordinates[]J ]. IEEE Transactions on
Image Processing, 2007, 16(2);: 581-587.

0211001-12



