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Abstract: Segmented Planar Imaging Detector for Electro-optical Reconnaissance (SPIDER) is a new type
of electro-optical imaging technology based on the principle of interferometric imaging. First, it utilizes the
optical system with a waveguide structure to coherently sample the object in a spatial frequency domain.
Then, it uses an image-processing module to restore the object image through inverse Fourier transform in
the frequency domain. Its imaging principle, implementation and the influence of structure parameters on
imaging are deeply studied. On this basis, the simulation verification of imaging in the wavelength range
from 1.5 pm to 1. 9 um is completed. The results show that the segmented planar imaging detector for e-

lectro-optical reconnaissance has a good imaging effect.

Key words: Fourier optics; imaging system; interferometric imaging; light intensity distribution; computer

simulation

KRB 2018-03-05

BE&WAB. FEMAFREF SO HEIHEL LS E(20150192)

EERNT: RAHA992-), L, AhBAA, Mlt+hk, TEFERTEONETERLFNTHRER
A o E-mail: wudml1213@foxmail. com

http: //journal.sitp.ac.cn/hw INFRARED (MONTHLY)/VOL.39, NO.4, APR 2018



2 . Ab

2018 4F 4 H

0 5%

T AR A A BRI B G R RE L W
MR E RS H/N Hmm Hir, 2 RDEF 3T
BEAWI I E K Oy kR Y, g e
B g — O T AR O AR I, AR B E HOG A
PERE MY [RIET , AR ZEH S OLF R G IR,
T AR i AT FH DR AR ) O 2% ST A R D K g P
. [, XL RS TS
FRIGER S, AR HERTRT . MRS
AR T 0] WG R G S R B H A2, AT
Y NN AT P e 2 E /N TIEU N
(R 2P A AN I T 2 Ay 1] /N R AL R 46 7 ]
KIE, MHERKKIME T2 H DEFGMHHE,
Rt A% G2 1 23 A)G 2 22 GoudE LA I 25 [R]DG2
WL FF oK . 2012 4F, I8 SE A o ST 3wl 4
T — R R T R R R BT A SPIDER Y,
BEAR PV, N FAL G UG H AR, %
A VGRS B [ 5 R A ) DG 5 R B g T
I A1) O 78 I AR BT A s B [ 51 DG
W M9 B UAE — BF- T BR IS b R IR AS 4R
X6 ARDCE S T T3, M
ARG ) 1] 25 [A) Bl 6L . SPIDER {2 AR
Btk s B A B R A A —
I T £ A H % (Photonic Integrated Circuit,
PIO) B b B, A I R 8 % 4 22 5 B 1 1
B B A FESR /N 10 % ~100% 7,

A 3C FE X SPIDER 9 LR R HE . SCBL 7
LT R 44, %t SPIDER R 1% £ 4t v 15 I
FrBEF (45637 23 A FNAE B A BRAR B i 47 B8 4
B AR SR ERAT S e R R G B
MR Z, JIfE AL X S PIDER B
BT ELIRAIE
1 SPIDER #y & 4 J& #2

SPIDER H B4 5B an 18 1 o, & 1(a)
& SPIDER HUR ZRGEMIRALIE . BhE T4 T
WREA R, BT WE LA 2 4B 1 s 5
B 1, SPIDER J§A% % 48 i B4 1. A%
JERAR BB AN B AL AL H T AL IR AR 51

INFRARED (MONTHLY)/VOL.39, NO.4, APR 2018

OB . JEi BB . oy HRES A A
FEIR PR AH N, Wi 1(b) s, Otk S
Hil L A o TR AR A7 ZE 3R 8 4 Bl 7E — 4~ PIC
SR L. BRI E . RS
PEE SRR, R A GE B, 6 I 6T
LM RS . ALEEIR R S, I ROE T
WA, TR AT A BIE B b B A
e, A5 B A BRAH R 1S B A8 FUBCTAE T Ab
PR 0 JE B 1Co) fim . B EMR
SHEIE AR N T, BRI TSR
S0 I R AH FL R IE A L s B E S
LB, AR B BA OB R A 22, S
396 AR 46 5 A5 2 ) TG R 2 AR .
1.1 RRBFEINNRIFED T

SPIDER J#if& & %t X} #5628 W i 1% ok
W R E T s AL, mE 1
(b) frs. Hd, S 55 Wi 2 085 5 B
G s P FH I 5 B 1 - T EIR T Y O 5 a Ai
EEWME 2 . S a¥m EALRE— 5
P, y) s 5 ) 1 B AR — . AR
RECFN SR AT 55 22 Xm0, T a5 SC&s )
B OB 5 A P Cea ) B ST HEER B

1 ,r. 1,2 2 —ik . ,
hl(g’v;:[’y):ge:k[drz:(l +y )]e - (gt (1)

A AR = 9T ) B
KBTS & R

i 5 2 BB BT IR 7 AR 6
J AP 0 S R W 17 2,

7, (xsy) =exp {—i %[(1‘—7n])2+(y—nj)2]

_ 2 _ 2
Xc‘irc( (I mj) +(y 71]-) }’ ]':1’2’_“’71

a

(2)

Arb NHOEBIEE. On )25 5 A
BB ARAR . a HTGE B AR
WRIEIEER RS AKX, BEER R P,
¥) 25 BRI AT — 05 RCus o) YS9 R BN
1

hz(x,y;u,v)I;{Texp (k1)

http: //journal.sitp.ac.cn/hw



B39, HAW ZL Ab
a C
1 %
0(0)— 1x2 w2 [T Eqpe
T z
15
uQo)— 12 |_90D | 2x2 —| &
O m

IEASHRI &5

A
S I

et

=

—
mﬁﬁﬂ%

A
A

f
=

FEE S oo

< dEFHpt:E —=

—_—

PIC

E ik

B 1 SPIDER jif% & 4504 R &

i

BB R 51~ TH

141

AL ) e

P2 Ay T 5 T 54637 70 A 7 T TR

X exp {Zl%’;[m—x)%w—y)ﬂ (3)

A, COAGHEER .
BAL R Cuso) BOCHHE G BEC I 5 151
A A R A A R B R,

http: //journal.sitp.ac.cn/hw

AR SE IR 28 8 55 ASOCRI AL, SR TG i &
L = AR AER A, JETE AL R ECH

z, (i o) =e 4

2% by ARy AN E AL, DGO AR

Ru,o) il 60 A E 4 QG o), U™

INFRARED (MONTHLY)/VOL.39, No.4, APR 2018



4 . Ab

2018 4F 4 H

AL HE R AN AR SR & YR 0 4 A S H A
B, WiNFEEERRL « =u, o =v, FIHEH

[10]
By = - R S B
il Q WY AS PR
/ / _: : /7
h(&spsu v )_Az M/D(u »U )
xem)ﬂ—m<7¢+iﬁu}
2 2
Xe w;a]l(Zr(aZ _‘_Vt»jrtu\')exp [-ik(%-‘-%)}
Vit
(5)
~ & om o om O
A o Az AfﬂLAZ” L7 % /\f‘/ﬂz”

Jy 1B D ZE IR eR AR

RIEX G, R —HBE TR (A
a WOESE B K a.p=1,2,N, H o7 B M
FAASL S 3R 25 5 (0 208 R B b (8 sl
Ve h(E sy, U, AR H R E E AT
0T AR AE R S AR TG AE S Y B
J3E 5 0 vl i 0 A ) AR A

](u/n 97/:1 ;u/,997/p) = Jjﬁox (Sl M )h(u/n —

gl 9U/a - 771 )d&d‘/]ljjaf (Sg 97]2 )h*
(u/ﬁ —& 97/,3 - 7]2)616261772

— L Lypelm DR
N

Xexp 7&[5(7)’1(1;7}73)_'_77(77a;n/3)]}(15d77

(6)
L, TG, 0 iy ) FR AR T 6 A B 5R
B, U (&g U (& p) R W) 1 IR I 1Y
AT Gmy sn,) B G s mg) SR PR RES B 19 5] 00 A
br. MRAEX O A, JfFS5EL PIC KRG
PIAH G155 19 B0 B OF bE T 40 T o R )
AR
1.2 EEAIEER
TR AL SR i T 22 BRI 2% FVECTAE S Ak
PR n . W 1o s, Bk S HE
SR G U T, BEREE T 4ok

INFRARED (MONTHLY)/VOL.39, NO.4, APR 2018

RS 7 AT . 22 e H BR R AR B
T RIAH 73 T FIIE S o0 Q W
I= Z(ﬁu(u/a,v/a)ﬁg (500 9) +U Gl ')
U (i 300/ )) = 4Re (J (/v 0/ 50 500 3))
Q= 2i(— Uu(u/a ,v/Q)UE (u/ﬂ,v’ﬁ)

+ U, Wb DU 500 )

= I (Gl sty ) 7
A, U W, ) Uﬂ(u/ﬂ,v/ﬂ)ﬂﬂééfﬁ{jiﬁﬁu
i i TR R O A SR AR M A

28 1RSSR #5459 21 R T 6 L5 A S

FOREFR . 58 AT A 2 %65 ) T 25 R AR R Cf
SO B SR BE RRE A, 0T R B 2 BT — R
B, AR HOGAE S 0 Wi 2 AL, f)
j‘j [13]

:ma—mﬁ. :7’1&_7’1[3
f u AZ !fu AZ

MR AIAT, A3 AR 5 07 B o6 19 AH
XPOLE . PR AR O, L 3G N W
[ R T] BB 1) 078 e X 4 G, s F G 43 sl 4%
e AP ARGETE . B N2 R]ARR R AR (1 7
TR, RGP 2 e e 5 B . FEat
L AR e, RO RT AR B I s o A
2 SPIDER & f % 4t t 14 4
2.1 SiEE

M= (8) AT 41, SPIDER J 1% % 4 ik %
B B 1Y) B 1 25 TR AR E f o BP9 P R 8 0
KIH LR Boon A6 3550 WK A I E
SPIDER J§A% 5 58 1 £ o3 ey

_ L — Amin
# = f B )

(8

2.2 i

SPIDER Hf% & Gt () A 305 B3 I A8 A —
WU TS . R R G L (Field of
View, FOV) H 1% 55 09 BL#2 D FOG IS 15
BROF o PRE O T 0 S RS
ORI DA BCR R 100 U, B AEA
GBS Ja ARG I S A BRI 72 £2/D,
REY KB, HEH NXNCLH N FIE
BEOME Y], WA~ h

http: //journal.sitp.ac.cn/hw



539 %, AW

. Ab 5

N A
FOV=2N 5 10

A AT T, SPIDER A% & 4 10 37 2
AR . TG SR 0 AR RIS B 5 B RN
e
3 SPIDER s 1% % 4t vy i+ E AL 7 &

Erxb 1 iy n Aok, 2/ SPIDER Y
BAGMEE I, T SPIDER Bifg 8 AR
07 B R . AR 98 U5 5 B K e =0, SPI-
DER & 2GS EIH LR 2. MBS HE
AR Z I R HEAG . BT OAE B R
3 RIS A OB RO R F BRAS TE
FHEREEXM A, BN, (2, N—1), -,
(N/2,N/2+1), Hr N BE%.

&1 BB ERE R
TUPERE 16 b

TAEEK 1.5 um~1.9 pm

il S 3
LRSS DOPE R 0.1°

WY 10°

% 2 SPIDER st % %249 A4k it

24 HfE
WIHE = 500 km
e et ot EE 10
KL KE B,. 117 mm
PAOE R 1R D 1.9 mm
s B AR £ 9 mm
AT W IS B 24
OB T W Ko 37
BT 5 100100

B F AR 107 (1 H b 1R 83
Ko PR EHE ARG X 0. 1" L7 1) 40 Bt
M 5 B A AR AR AT R R B RS UE, an
B 3 in. RIEER 2 b SHOo0 H b B4
4T MATLAB i B ff Eid #e i . kb
FEFIEE D OEE R . Rl S a2t T
s e AT e oot s i A IR R AR . &
HRAL B, SRAEAT R A S B R R

http: //journal.sitp.ac.cn/hw

iy SR MR, 53R E KR, SPI-
DER ({5 & ¢ (19 =5 [a] 451 58 % 4 4 & 3 (b) fir
/N, Zal SPIDER A8 R 40 5 B & EHZ an 14
(o), BRI K& S E G B iR AR
B2z 3 (D s, HIE 3 Al%1, SPIDER A
BRGEHA B G vERe . R 4
ELIIE T SPIDER & AR By Al 474
4 &b

TEYIAN 43 T SPIDER 9 W& 588, %F SPI-
DER BUR & Gt vt 8% 4% [ 51 09 06 3% 43 A A
A FRAL e () {5 5 A BE AT T R A B IE A
B, AP T 5% m SPIDER HU% 2 48 th 43 $F %
MR, wm B E, $R45 T SPI-
DER 1§44 % G2 % H A5 AR AR 5 099 2 LB
AR MR 5 B bR ER 1 5% 22 B, XF SPIDER
AR R GAE 1.5 um~1. 9 wm K38 Bl 89 AL
B E AT T B UE. 258 &KW, SPIDER
BGE AR BA RUF I ARRCR . TE62= 405 L
AR A ) R B TR . BFEARIE BoR
H i SPIDER g £ R4S 4b T # BB, SPI-
DER BUE AR B9 B 6L & T gl il & HoR
B LB L A TR AR O R A TG S v A
AR A3 SPIDER U H AR B R A B 5 3 5
PR T EE PG A

% Lk

(1] sk222, BEGERR . 66, 55, 8K O R EDLY
BN Ak [J]. RFHE IR,
2016, 24(11) . 2613—2626.

[2] Kendrick R, Duncan A, Ogden C, et al. Flat
Panel Space Based Space Surveillance Sensor [ C].
Maui: Advanced Maui Optical and Space Suweil-
lance Technologies (AMOS) Conference, 2013.

[3] Duncan A L, Kendrick R L. Segmented Planar
Imaging Detector for Electro-optic Reconnais-
sance: US8913859 [P]. 2014—12—-16.

[4] Duncan A, Ogden C, Wuchenich D, et al. System
Design for a SPIDER Imager [ C]. San Jose:
Frontiers in Optics, 2015.

[5] Su T, Scott R P, Ogden C, et al. Experimental

INFRARED (MONTHLY)/VOL.39, No.4, APR 2018



. A

2018 4F 4 H

=

—
r—
—

2

-1

=
m =

E "' 3!‘ m!
=

¥l 3 SPIDER mif% & 45 1)1/ B

Demonstration of Interferometric Imaging Using
Photonic Integrated Circuits [ J]. Optics Express
2017, 25(11) . 12653—12665.

[6] Kendrick R, Thurman S T, Duncan A, et al
Segmented Planar Imaging Detector for EO Recon-
naissance [ C]. Arlington: Computational Optical
Sensing and Imaging, 2013.

[7] Duncan A, Kendrick R, Thurman S, et al. SPI-
DER: Next Generation Chip Scale Imaging Sensor
[C]. Wailea; Advanced Maui Optical and Space
Surveillance Technologies Conference, 2015.

[8] Chu Q A, Shen Y J, Yuan M, et al. Numerical
Simulation and Optimal Design of Segmented Pla-
nar Imaging Detector for Electro-Optical Recon-
naissance [ J ]. Optics Communications, 2017,
405 288-296.

(9] BToot, M¥id. BEMEE (M) 6. P
Tolk RS 2009.

INFRARED (MONTHLY)/VOL.39, NO.4, APR 2018

[10] sk RUbR, Ph2eek. T#FEZE [M]. K. REX
Fih AL . 1997,

[11] Wang Z, Zhou Z. Optical 90-degree Hybrids Based
on Silicon-on-insulator Multimode Interference
Couplers [C]. SPIE, 2012, 8255. 82551Z.

(12] HBide. ~Fmd SOt & & M TR G & rOt
WAFRIBTEN (D1 BTN . BT K%, 2005,

(13] skAlx%, My, Faaist. UV B 5 i bndE
P TE [J]. ARBREF R F|, 2006, 22

(1) : 27-30.
(147 JBGETT. ZEsemk. SEitses (M Jbat. Bl
At . 1992,

[15] Thibault S, Lacoursiére J. Advanced Fiber Cou-
Pling Technologies for Space and Astronomical
ApPlications [J]. SPIE, 2004, 5578 40—51.

[16] Guyon O. Wide Field Interferometric Imaging with
Single-mode Fibers [[J]. Astronomy and Astro-
physics. 2002. 387(1); 366 378.

http: //journal.sitp.ac.cn/hw



