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Research on distribution of aperture position error in multi-beam
coherent imaging and its impact on image quality

ZHANG Yu, LUO Xiujuan, LIU Hui, CHEN Minglai, CHENG Zhiyuan, LAN Fuyang
(Xi’an Institute of Optics and Precision Mechanics, CAS,Xi’an 710119 ,China)

Abstract: As the research of coherent imaging (Fourier telescopy) in the procedure from
laboratory experiments to the real system, there are many factors that may impact on the
realization. However, among the factors and analysis, there has not been a theoretical support
for calibrating the aperture position error distribution and the error range. In this article, based
on the optical transportation theory, the aperture position error distribution and its impact on
image quality were analyzed. The paper also proposed the error range and carried out the
experimental setups. The results demonstrate that the relative position error should be
controlled less than 5%. To sum up, this article provide a theoretical method to analyze the
design and the configuration of the real Fourier telescopy.
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Fig. 1 Impact on frequency domain of transmitter

aperture position error
AR SCAU LA A FLAR DG AE =5 [8] 19016 I % 5 O 2
fil o o3 My FLAR 00 B Al 22 Xob JR0 AR R SR . A
Feg) rp A FLARARTEAL BIC T N popr oo s on - R
(RN ES R 57 R S|
u, (o +lw) ==

ikexp(—ik|R+7yy —‘0,1|)
2nR

Rfon R N b w, G N6 15 B
v Sl [ BR300 2 19 %% ks g, Cos) = [exp
(—ikvy ) A, (0 dp T A, () R IR TE & I 3 1)
$i W 3 O SR A 1) 2 2 5 DR 320 T v iy
exp(—ikvy ) #85r FEZ HEH LR EF W, 4
an R T I 51 v e — L AR KA A A 0 2 O

gn(vz)u,,(iw) (1)

g, (yy) = | exp[ —ikysy (‘0+[OAN )]A,,(p+pAN)dp

=C » exp[ —ikys (pA,\v+1)] J Alexp[—i/e}/x (p)]A,, (p)dp=C; » expl —ikys 7y (pA,w+1)]

. /l exp[ —ikys (p) JA, (p) dp, C R
ﬁvM AII(PJF,OA.\»%EY OaN H¢¢m94%(2>%A
(L5

w, (ys siw)=C;

ikexp( 71/3 | R+ 5> +(0N _’_[OAN | ) R
27R

expl —ikys (oav T D ]+ w, Gw) (3)

H (O FE i, & FLAR 7 B W A2 B 51 A
SRR IECHAL 2377 expl —ikys (2o + 1) ]
S FE WAL i FERE S 1) SE PRl it 5 e A rh &
MEa B A7 v RE 51 AT —BEHLN 22 pan » A SCE TE AT

(2)

TEAN (] [ 270 FLAR A7 B I 2 i ML Al 22 o XoF 80450 5 o 1Y)
A8

HETEH w, (s i) BAE AL BT X pun 3R
T4
ikexp(—ik|R+yy +pon D .

2nR
kys expl —ikys (2osn 1) ] (4)

(DO UL TE D) on Ab 51 A [F] 1Y Wi A2
pav s 63 w, (o viw) AL R AR . B pun X
SR AR B 1) 52 i) R T X6 25 28 8 A1 B 5 T, 3
SCULEIAE T BURE 5 v, vl 67 8 00 FLAS RS B2 0 1
W 20 37 o F LA A FE 2SR T

u,,(}’x ,iw)zcl .



MG 2019,40(3)

PR ZORTHOMOBAR T RARFL AR i 22 XoF AR5 i S < 413 -

MR (D RT3 26RO e &

N . .
e 37 hexp(ik Ry tp
un(}/Z ’1CU)~ : eXp( : ‘ZK;}/L +‘0\l ‘ )

n=0

gy u, Gw) (5

A h 2 A LR AL E I R T e U 2

A expl —ikys (2oan + D T I A2 T BOCHRIE B

M TR BUR AR AL, FEMR A s RS

PHAECIRZS A — B 2R W H bR A 28 8RB ROR

i3 2 S B A WY FLAR L A 22 AR R AR A [

A7) (1 e DXl AR AT X380 BV A3 R R o 0 A%

U)X 8450 T ) R W B A PR R 95— T T, 4 AT

[e 4 FLAR D 22 s B AE [ ) 3 S g 430 X 3580 U e
JAR T3 52 0 A O L/

2 FLEMEMEXIREEE
LI 45 3 5 AL AR S O R M)

22 S BIDAZE A0 00 R A o K S £ 5

R 52 7 25 R 19 e 8 o W 90 5310 2 S T

TCRRAR . U R 1A FLAR R 25 By AH XA RS
o AHOOE AL RS BE e A 4B P AL ARG R AR B T
BOEGERAE o B — 0 B A 4B ALAR T A 80K

RO

EZI (6)
K d, MFLEERE I R S B B B 5 4l g o6
W H G AT HNZ SR B0 B B BE 2 LA TR B A e AR
MAEfl . A RO ARFEE R de=c « e (IFSRLLTE
BEASAV I R o) . A (6) R Ifsk &
c* AR

8d1»:—/§8e:— YD)

3 TR S S I UE Y R A, 3 fE
B 72 AH R FLAR IR 22 od. 19 A vF AR AL

TEVF S AT Hov . 25 08 3 B4 51 v DX Y L
L RS FE ORISR AR 48 LA
B 015 AR ¢ B IRCIE X i A% T St 19 52 0 72 1 4 ]
2 PR

Ideal image ¢=5%

2 REENEFGREMNPMEMER

Fig. 2 Construction images at different transmitter aperture errors
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Fig. 3 Relationship between fringe pattern width and

image quality

Kl 3 SR HY c (EAERG IR 620 J5 . AL K15 B
# Strehl Ratio JFARFEAR. 2K T 1006 )5 . R
R E TR BIE R R RGP R H AL R Z R
FLAR A B i 22 T ) 2 B0 28 BB B, AN KT 504

3 XRRFRMELR

B R G KT AR B 1. 2 km ({5 ]
TR T 5 S5 91 R 1 3 XG4T 1 7 3 i 4
AHES], SRR RGN 4 BT

i

TRANSMITTER

4 1.2 km KEBEEZIMNIBBGRE RS

Fig. 4 Field experiments in 1.2 km range
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Fig. 5 Introducing the same error in different frequency zones
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Fig. 6 Fringe patterns generated by multi-beams
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Fig. 7 Construction images from different introducing

aperture position errors
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