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A Novel Imaging Performance Index and Pupil Optimization Method for
Optical Synthetic Aperture System
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(School of Geography and Space Information , Information Engineering University of the People's

Liberation Army . Zhengzhou . Henan 450002, China)

Abstract In order to explore the characteristic index which can correctly reflect the imaging performance of
synthetic aperture systems, the maximal and minimal fill factors, cut-off frequencies, cut-off energy ratios as well as
the correlation coefficients of three typical arrays with six apertures are calculated and compared. It is revealed that
the imaging quality is determined by the distribution of low and mid-band modulation transfer function (MTF)
spectrum. Based on the discovery, a weighted frequency energy curve which takes the frequency magnitude and
distribution into consideration is proposed to precisely reflect the difference in imaging quality of various arrays. To
maximize the mid-band energy of MTF, the pupil structures of the three arrays are optimized and the corresponding
center-gathered arrays are obtained. The experiment results demonstrate that the imaging qualities of the new arrays
are dramatically better than those of the original arrays, and the fill factor ranges can meet the common design
demand as well.
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Fig. 1 Pupil structures and MTF of three typical arrays. (a) Annulus; (b) Golay; (¢) Tri-Arm
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Table 1 Maximal and minimal fill factors of the three typical arrays
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Array Type  Fun Fuw  pun (F=0.3) CER(F=0.3)

Tri-Arm 0.17 0.32 0. 6900 0. 8904
New Tri-Arm 0.19 0. 35 0. 6900 0. 8915
Golay-6 0.15 0.36 0.7811 0.9162
New Golay-6 0.22 0.43 0.7222 0.9144
Annulus 0.30 0.67 0.8679 0.9302
New Annulus 0.21 0.55 0. 7585 0.9433
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Table 3 Imaging assessment indices of
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18 20

the six arrays (F=0. 3)

Array type  Correlation coefficient ~MSE SSIM
Annulus 0.9236 594.86  0.6796
New Annulus 0. 9464 487.45  0.7664
Golay 0.9348 555.47  0.7227
New Golay 0.9470 498.22  0.7671
Tri-Arm 0.9488 490. 62 0.7752
New Tri-Arm 0.9498 489. 31 0.7756
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