§i2r % T e A TR Vol.27 No.7
2019 4£ 7 A Optics and Precision Engineering Jul. 2019

XEHS 1004-924X(2019)07-1465-08

ZTEKXARTHBRERERE G
RiEmE 51858

o EZE IR OFLFAEM
(1. xR EE 5@ B & AR P, E 100094;
2. HARET W A¥ REXFELIEFX PO, B AT %B/RE 150001;
.k EERAG KA, ALK 100192)

178 22 - T ] 2900 A PR o) R 1T A IR A B o 0 RO 2 BT Y 3B DD R BRI T — b AT S e o B Y A )R
HARNT I R R G ER R BK I 53550 71k o B XK ARG R GEAR 25 A1 32 Ba AT 56 &0 5 | A m A0k 7™ 2 DL K s 4 AR
B 7S () AR A DR A A T () A, 56 T 1 DU 2 HE A R A X A B EVARL R T T 2 0 WA 2 SR I AT B R R e R R
HWKE L R T 258 2 AR B S 8CR % . BT AT 5 80N AR 5T Bk 15 S AR B 5 Y G A e ke
AR FIGT Ll B T e ™ %) () R0, 25 G /0N U6 I {1 DB R 5 AR e VAR 4 4 1 A GE N AT IR R R R R R R O k. &R
AT T S R S A R R Y s AR SRR B T 3.0 B LR A5 R 5 R R ER R A5 AL EEAE 0.8 DL L L {5 MR L 4R T
10% LA b A5 BAR FLEEAE 80%0 DL 1o 2205 YA A8 A5 RCHE T TR 150355 Wi B 55 %o L B ) [ b i v 1 TR A s e L %o K AR
W REATT S AR 2R G 11 S B S ) g B — i % e F 5 5 SOR AR D A 1A

X 8 WHTRXORTHAE ARG AT H R RAE T EE R R R AAER B RE R

E 4 ZEE.0434. 1;TP391. 41 XHERFRIRED : A doi:10. 3788/0PE. 20192707. 1465

Image inversion and quality enhancement for
space large aperture diffractive imaging system

QIAO Kai', ZHI Xi-yang®* » JIANG Shi-kai* . ZHANG Lei'. YIN Zhong-ke’

(1. Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China;
2. Research Center for Space Optical Engineering ,
Harbin Institute of Technology ., Harbin 150001, China;
3. Institute of Remote Sensing Information, Beijing 100192, China)
x Corresponding author , F-mail ; zhixiyang@hit. edu. cn

Abstract: To address the urgent need for ultra-large aperture and lightweight high-resolution optical
payloads in the field of high-orbit military monitoring, an image inversion and quality enhancement
method was proposed for large-caliber diffractive imaging systems with diffractive optical elements
used as the primary mirror. First, an image inversion model was established for the diffraction ima-

ging system based on the regularization and iso-halo block theories. Here, the multi-regularization and
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multi-constraint algorithm was adopted for theoretical model optimization, and two bottleneck prob-
lems were in turn solved to a certain extent. One was the image blurring caused by both the large-cali-
ber optical system aberration and the diffraction effect of the main mirror; the other was the large spa-
tial variation of the point spread function. Nonlinear transformation and wavelet threshold filtering
were then used to formulate a contrast enhancement method to address the low signal-to-noise ratio
and low contrast problems that derive from low diffraction efficiency and non-design level sub-back-
ground clutter. Finally, experiments and a simulation were conducted to test the proposed method.
Experimental results show that the structural similarity of degraded and original images exceeds 0. 8,
the Signal to Noise Ratio(SNR) is increased by 10% and fidelity is more than 80% with CLE of 3. 0.
The proposed method improves image quality, including image clarity and contrast as well as the sup-
pression of noise and background radiation. The proposed method thus has great theoretical signifi-
cance and engineering application value for the practical application of ultra-large aperture thin-film
diffraction systems.

Key words: large aperture diffractive optical system; degradation of diffraction imaging quality; inver-

sion recovery model; imaging quality enhancement
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