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Analysis of Point Spread Function in Image Restoration of
Optical Sparse Aperture System

Zhou Zhiwei Wang Dayong Claudia Van Rhoon Zhao Juan Wan Yuhong Jiang Zhuqing

(College of Applied Science, Beijing University of Technology, Beijing 100124, China)

Abstract The digital post-processing is needed to restore the image of high quality from the blurring image output
directly from optical sparse aperture imaging systems. The common method for post-processing is the Wiener filter,
where the important parameter is the point spread function (PSF) which should be known. The Wiener filter will
deconvolve the convolution effect if the PSF is the precise impulse response of the optical sparse aperture system.
Usually it is hard to measure the PSF experimentally. On the contrary, it is easy to calculate the PSF based on
designed array configuration of the optical sparse aperture system. In order to evaluate whether the calculated PSF is
adaptable to the image restoration, a theoretical analysis of the image restoration has been done by using these two
kinds of PSFs. The results show that the calculated PSF works well in the case that the co-phasing error is small,
while the measured PSF is ineffective.
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(o) tri-arm
A (DG M LR R R G R A i
e LR A RE S 25 B Y eR B B U L
JESAR FUAR B LT AR (5 iptial b f P 24 29 0 5
A EAT RS SR I X S th T AE AN I8 D T T A
Wt f) =
Torr * (f. 9fy)
[ Towe (Lo f O 1P+ INCL SO/ fO 1
Tore (fosfy) = T frose (payy) ] ‘ fo=a/Af S = /A
(3)
K WS ) TR AR 908 WA WA T XL 1L (s
) SR LT IR B A N Cf s ) T2 PR 75 1Y
WG 3 A Tore (fo0 f) MR RGN — AL 542
128 PRVK L GE A IR D A I IR R SR+ AR
P — AE DL i T A AR R ARG R
FAEE K AR | N SO/ T f) 1703
) f 2 R GE R R T R B R A R RGP X
RAE BRI

3 HEIREN Y R
3.1 HEIRE

th 2L 5 1 A 1 o — AP T e 22
o R [ AL 5 199 1A S R R T 2 7 A A (2%
KR 724 B 5% 22 1 S 9 150 22

N
P(x,y) = ZPS\.b(I —a,>y—b)exp(jp,).
n=1

4)

T TG g R 22 FUR i T 1 L B A AR ] —

I b DA LA T R R 2E A — R

P, y) Wit ARG H R R % 18 2w 5

BRSO [ 3 SUJE RO AR AR AN [R] S R GE 0 53T T e KR
@) AR Ky



2l JARABAE Dl i AL AR R AR G R S SRk 9 5 B e v o) 343

fPSF(Imyf) - fPSFsuh(l‘f’yr) X
N(N+1)/2

[{N+2 > cos[2n(Axa;+Ayyi+ 2807} )
k=1

5
Kf Az Ay AT P OB R BRI 0,0, 2T
LA R0 AR R L Ade S P> - FL A5 [B] 1 AR X 176 2
RZE A NRGEHIPAS  f O FR G 3 5 T8 A B E
3.2 FHRE
AR08 22 I Hy T FLAR R T X T AR G 0 D' Al
ANTE 3 Y &0 LR RO AROR TP AT TG
PRI A T 5 JI0 N 77 A AR AR 1R 22 o AR 25 1
JEHl = T3 ) RO 22
Az = cAx+dAy, (6)
P Az, A, Ay 73 5 AT E P SO R DT ) B Ot
FEZEFN -y P10 E A IZT AL bR 22 0 I R SR

N
Plx.y) :zp,.ub(x*a,,,y*b,,) X
n=1
.21
exp| i e Hdy) |, 7

Ko, od, BEANFAROBEAEF, HOP R
R )R
fPSF <1‘fayf) = fPSFsul) (If»y{) X

N(N+D/2

[{N+2 > cos[2rn(Axa:+ vy + 2807} )

Y- % [, —apen) + (hud, —bud,) ] (8)

P mon AR F LA .

i R HE S R LU PR A 5% 22 0] DL g
—H—ERBERX
Sose (s i) = frsean (s y0) X

N(N+1)/2

{{N+2 D] cos[2n(Amx; + Ayeyi + 28T} .

D)
P YR R BT LATE AR AR G Y LS 3 R
.25 RG0SR, @i (O XF ARG RR
7 1] LUK BT pRBRY T AR BUE AL
A P8 B DU 3 v o P 8 A Rl R R RO 7
SRR SR BRI SN R R B R YR
PR & RGN IR R

fPSF(ffvyf) = fPSFsuh(«vayI> X

N CN+1>/2

{ {N+2 2 cos[ 2n(Ax,x —i—Aykyf)]} }

k=1

(10)

SN AT R BN T RGN IR 2 MR
Trse (@ s30) = frspan (@) X
NONFD/2
{{N+2 37 cos[2n(aza + Ayye + 0801} J+
77/(1'{ 7yf)5 (11)
X L MR R 5 AR AR R S A A AN TR

4 gy M
PR A T) B s o BRI T (3D X4 ol i 5
plRE L LBUATE
Tor (f,z- ’]Cy) = T()TI‘ lv(f,ref.v) X
[5( Foofo+ Z 5(f. A;’ 1+ ﬁ;”)}
(12)

T()TFZ(sz?fy) = Torr, l(fj’fy) X

\('\+1)

{é‘(f SOt~ 2 o7,

Axy, Axy
LS )x

exp| — i2mad (L= ik +Afy>£)}}+N/<f;.,f;>,<13>
W Ap /A, A/ Ay, BN B R G 5 2 5 T
T 2 ] 2% Hk 10 B 1 8 L 3 /N L (12) 2R (13)
KB expl— i2rAd (f./Axy + f,/Ay) ] R
Y FR G 1) G 2 A% 3 bR B B /N AR RS TR W] LA 222
ATF AR F S YT R R SE I YT R R A 2
TR AR
X F IR SR R R E R R R

N Ig(frafv)
Iou!( x 9 v> = 7 . ?+
ferf. 1+K/‘T()TF(f.r’fy)‘_

NCfosfy) (14)
T()'I'F (fz ’ fy) + K/T(x)ll- (fl ’ f»’ ) .

A LA S 3 s A 1 U AT BRARUR 1 05335
W R B REE Rk T K/ | Tow (fos f) |7
FEA Al B — D BN E B o TR
LG LA AR 1 5 R ARAR 22, Rtk (12) K 45
SRR TR T N R PR T S i v o R /A R

FeA EALIE A
Xt 52 0 R R L5 T R
I : : I(fx ’f)
Ioul(f,rﬁfy) == £ Y +
1+ K

| Thoe (for [ ]°
NG fOLTow S f DT
| Tow (fos f) ]2+ K
L(fos fOINCf DT
‘ T%)TF(fir’fly) ‘2 +K

Tow(fosfy). (19



344 H ]

S SR oA RO BE 52 42 B ISUILAT BRAELR 1) 3

T TR S B9 A7 LE R G P R YR PR R A

U IR TE V5 58 2 TH R S 2 = 307 A7 JL AT BLAE R 0 433
G2 A 13 R R AR B A9 T 2 B2 Wi A2 D PR AR A i

5 i HEER KA

U5 B OS2 8 S 80 R . BE eR ECR FE )RR
0. 0635 mm, [E5] 454 5 Golay-3 BY, Horp— > 42
AT 0.1 A YK WG ZEAE A R 2 5 — LRI A
G35 sy B 0. 279 1 AR R 25 L ) R 1 AL
FRARINR 2 B R 56 B KR 25 5 FLAR A bR 1) K
ZW AN T 1/10, 0% R B/ MR Z R, KRS
8 HEE pR BN 8] 2 TR o K BE (B R s AR A 152 25 1 K
N FARERE 11 mm, SF4FL4E 35 mm, RGEH
fil ) {5 1 R B 840 mm, HPuG K 532 nm,

Bl 2 A 15 22 1 L I o 4K
Fig. 2 Exit pupil function with error
5 L S D0 A bR R W 9AR E Ry 4. 2075 X
107 A I W 7 Sy 34 5 G A 1 MR R, AR5 B Oy
1. 50X 10° , IEAE {5 M b 29 40 dB, & 3 Fim A
TS e R A

B3 WIRSY RRE. (O AT R R
(b) SN s e ok B
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Fig. 4 Restored images. (a) calculated PSF restored

image; (b) measured PSF restored image
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