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Abstract To correct the dynamic aberrations introduced by an airborne conformal optical window that changes with
viewing angle, a method for aberration correction of the conformal optical system based on computational imaging is
proposed herein. By establishing an incoherent imaging system model, the principle and imaging process of the
wavefront encoding system to eliminate the dynamic aberrations of the conformal optical window are given, and the
design criteria of the conformal optical system based on computational imaging and the optimization process of the
mask are clarified, and the transmission capability of the system is quantitatively analyzed by using the tilted edge
method. Experimental results show that the dynamic aberration of the airborne conformal optical system can be

corrected using the computational imaging method, and there is no need to add complex correctional devices, the

ot 5 ot B F o R Vol. 57, No. 23

December, 2020

system has the advantages of a simple structure and strong stability.

Key words optical design; conformal optics; optical windows; computational imaging; aberration

OCIS codes 220.4830; 110.1758

1 51 7

LSt 0 148 5 RILANE R AW &
62 B 11 il A BT AT DA/ 2 AL R
HEAR RN 25 ARB RO R2E. BT
AL & 2 A 2Dt R 4, IRt
7 H G RIR 25 22 A6 110 00 A 1 728 10 2 B 8l 258

b o BERF AT A7 3 5 I 4 R T L ARG 27 AR 25 9 O
W ALE A B AR IE R B A IE S S RLE
e R VN TR a3 SR E I N TR U
B A IE i B A 45 H A R I AR A 2 I AR S
SIRIE PR AR E

T AR B A 2 T 5 AR Y B Rk i
BT R AIZH AR T IR IE R 22 L BB 2 R L)

W B E: 2020-04-02; fEE B HEA: 2020-04-26; HABHA: 2020-04-30
HeWB. HXARB IS (61805026) . HFMBHFT T+ =H"BH#H AT H (JJKH20190580K]) & 5 #l T. K 2% 75 4F

Bl 54 (XQNJJ-2017-09)

" E-mail: cz_zhao@sina. cn

232201-1



Wt 5ot R 7o R

SIRIE I HLBENE i U B 2 A% GOt 22 B SR o ik
fifp DR [ L, ST A R o BHE 2 2 R T 4 2R AR
AR TT LSBT 15 B2 42 B R - A 2 2 AL A T
DA BRI ORGSR S TR T — b
H TR ] B0~ R G ROL -5k b R B8 Or
ik R ZTT T LA B T 0 8 it 9 R A2
45

T 5 g AR A Ay — e 2 R B 1R
AR I 51 HE B A R U AR GE I AT R BRI
(PSF) . Al LAk 2 il 45 22 LA K 3R A5 122 30 i S A FR
FY BEAR PG 0 TR o 904 2 A B R B AR i R A
Zhi B S AR AN PR S IR 5 R R BT 2 L T T
ot PR A2 D 0k o R o 10 T 4 A AR 8 1) AR o
o, R AR O A B Rk kA T
T B L5 5 R AR

T LRI et i 1Sl AR 2 AR
P 5 T R B I O o R GBI RIE T i
BEXHA R AL AL TE 57 0 806 R GO AR AR AR 22 b
WLEEAI A AL PR P8 25 0 R 31 53 AR BRI
IS RGN B AR ZE ) — A BT S B 1% 52 1A
o P — A~ HE AR R 6 07 Y PR 50 B Bk, it T LA 52

B LI 022 B 1 3 A8 14 22 RS T
2 FEARJFH

2.1 HEFBOGEHESH

H Ei s I 1035 ] v Y 32 R R R X
SRAT HE B3l A TCHLI FH A % 101 TE A, % i AR T
TN

R - . D
14 /1 —cxa? — iy’

K e WE B ex Fley 510 X MY J5 w4k
LRI EERE Ry FI Ry BEIEG (2 y) B
o i AR R

SLE 5] R SCERC 1045 th ML AL TE B 1 S 4L
IHEEN¥RGESH. WEE D R¥RENE 1
i BN RE SR 1 s, Hh LA 8
Hifa B FOV il fl . B 6 Ol b kL 5
FA LR R 5. 08 mm, TR SRy XU 0, 4 AR
KOr Ryl Z kR 4 O 2438.4 mm o Al
2304.8 mm, REE X-Z F i A H B N
—15°~15°, [N 1 KT X-Z 1 6 #k, fr A R %
& 0%~ 15" 5 i [ B vl

3 0} 1 1 i o
(@) Y, .‘/ imaging lens (®) 1ma§1ng e © fmaghg fens 15 A
0° LA
. /
image plane image plane
conformal window 100 mm _,y, , plane| | conformal window 100 mm X-Z plane conforr?lal window 100 mm ., plane

K1 T AL RGEAE AR LT MR &

o (Y-Z Fif LW 04 s (b) X-Z P By 0 i A 5

(OX-Z V1 By 15° 3 £

Fig. 1 Schematic of conformal window optical system under different conditions. (a) 0° scan angle in Y-Z plane;

(b) 0° scan angle in X-Z plane; (c¢) 15° scan angle in X-Z plane
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Table 1 Parameters of conformal window optical system
Parameter Value
Focal length/mm 200
F number 2.8
FOV/L() X (D] 2.4X1.8
FOV in X axis/ (") +15
FOV inY axis/(%) 0
Wavelength range/nm 520-570
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Fig. 2 Variation curves of aberration with LA
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Fig. 4 Schematic of wavefront encoding conformal optical system. (a) 0° viewing angle on X-Z plane;

(b) 0° viewing angle on Y-Z plane; (c) 15° viewing angle on X-Z plane
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Table 2 Parameter optimization results of mask

Parameter Optimized value
a 2.266X10 °
b —9.496X10°
Distance/ mm 48.578
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Fig. 5 PSF images before optimization under different
scan angles. (a) 0°; (b) 3°; (c¢) 6°; (d) 9°;
(e) 12°; (f) 15°
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