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Image plane intersection interference imaging spectrometer
based on Mach-Zehnder
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Abstract: Image plane intersection interference imaging spectroscopy is a kind of compact imaging
spectrometer technology, which has characteristics of small volume and light weight, and is used
for small satellite remote sensing mission or airborne photoelectric reconnaissance. Image plane
intersection interference imaging spectroscopy was studied. The design scheme of angle shear beam
splitter was given based on Mach—Zehnder composed of prisms. Work principle and design method were
discussed in detail. The angle shear of beam splitter based on Mach—Zehnder was analyzed under certain
spectrum resolution combined design example. At same time, object characteristics of image plane
intersection interference imaging system was studied. Image plane intersection interference imaging
spectroscopy technology was verified in experiment.

Key words: interference imaging spectrometer; Fourier transform; angle shear beam splitter;

image plane intersection interference

s A #.2015-09-07; &7 H 87 .2015-10-10
BEE&WMB . HE«+ - h Wbk e
TEE/ T HAHEQ979-), B 1+, FE M F L= KT 865 AR AR T 1 W58 TAE, Email ; xia0981216@163.com

0524001-1



aohligk T2

% 54 www.irla.cn % A5 %
0 5] § 1 GFEBEXFFERGEE

S B AR BE A% [ i 3R B H #5238 UGS
B L R egoU B A5 IR 5 0GB RRE , R B
PRI TS o ARV R LA [R5 1) R A4
PEFAEZ S, R HR 58 56 205400 19 R 22
S, OIS UGS B AR W] SR e KB H bR R, 7E
ZER Ay | W ) K Pk e U A A B A EE
N B . RALARFRS T35 615 R H AR (LASIS) 2
— R e A2, EUGAREWR LA i 6 R B
HRZ G Toiz i T SR, 76 TR 1l i 6 i ik
PGMAT 55 i A% T FRAEHIN, LASIS W& R4t
SR A 1] 55 U1 00 TN BOR B4, AT
PRI BB, Bl Py HI-1 1 CE-1 LA By &k
T AR A 34 2R F O SRR 1) 5 U0 430 T W BRI
Sagnac 7Y P 2 — Pl L 7Y (14 4 1) 55 D14 64, T
YEFESFEATYE T (07 T LASIS RGNS Y BLRTIm) , %
AR G O AR AL BRI, Sagnac AT A
HEEYEFLARIR K, K E 48 Sagnac AT P52 24k
BHERE | 0 T R G T 2045 R 3R 5 e B o X R R
WA, W R AT E RN RE RS R O
12, FEAIK Sagnac 7 P54 B4 25 6 AR X kE i
J LASIS St 52 2% i85 034 HARFRPE K, IR I 5e 31
RN ) AR R A

P FRAE TV 3 AR AR SR —Fh o P 4% R GE
JCHFS T WGSBS R, ANMHBA RE &2 F ]
5 AR AR O IR B T AR BN B AR AR
S, AT DA IR g 4 B 23608 bl SO 100 651 358 v 1 7 D'
T AR G R A TR (R R, AR AR S T O
B F Ge R T AR 35 1) 43 R 706 210 ROG B -4 T 53
KT8, AT SR LA — 8 Je ff A8 521 T BRI 25
IEAAAZ T, 7 R T g2 5 LASIS i
RGMI, BIEAHSE TWIEIERR R G ot T
A RGE S GALAR FA R RIS, 7523 ] & 43 HE
DR A T PGS R ZR Ge A o A v el T
R T OGIE R R G b Ot A6 T
ASCHYBHF ) M A2, SCH L Mach—Zehnder 43561 854N
Feqly, P& OGS RUR R b AT e T
AR TAE R ER R i P Rt oY, JH i g i
WER T R AT AT

BRSSO AR T AR fop g Hh Y —
PR T AR B, SR A 5T 0] 70 A
FIAR MR A — e M A 4R i _EARSS o, R
THOLIE R RGO T WAL TARTDL = R AL
BOCH T, 23 B AR L — 2 B £EF
TR & b AHSSIE = Tk IETRE  anfEl 1 R

Foreoptics

IMA1 IMA2

Push-broom

Focal plane

P 1 ARTEAR 22 T 35 0 1 15 i 2 ]
Fig.1 Principle of image plane intersection interference

imaging spectroscopy
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Fig.2 Optical layout of the angle shear beam splitter
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Fig.3 Unfolded layout of the Mach—Zehnder

22 HRJ|IFITSHITE

SR Mach—Zehnder 1 85 Y] 43 o #8 i% i1 2 %1
AR AR N A, BT UM SOk 5
KB
221 Hwmiti

SZ AR Mach—Zehnder 43 3 #% BY Y] f i K/ 5
TG R R GG S BRSO N AR m A
LT WIS AR RS WEHE o HER e T RS iR
R 22 A BRBOGIE 7 n RGN = o HI2 R
2 RS E YRR AT .

O=arctan( A

TR (4)
RIS 7 SRR R HI2 S BRI R
R IO RR GG 5 o] e /N RAE RLDE /Y
2.2.2 FH KBTI
AEE 3 L& &R | 324K Mach—Zehnder 43 3
R K PR AT .

L=2xDx(1+0.5)+ %Dx(zﬂ/?): (5)
3xD+\/'2 D+D=~
5.414D

FER] WO FOR LA By, 14 2 R ALk
e BRI KO 623 aib il i, I KO Stae B Bt
T 54K Mach—Zehnder 43 3 #3 Bf , HLAEROG 25 R
JEREEN Le, iHEWT .

[ - L _5414D
"o 1.5136

K. n F KO MBI T2, A 6) 51T
A B b SRR Mach—Zehnder 1410 T #5615 il
RSP ETE G RGN F# fe/IMEN 3.58, % FE M

~3.58D (6)

0524001-3



sroh gk TA2

%5

www.irla.cn
——

% 45 A

W 25222 RO BRI, F# DK T 4
2.3 L{KE Mach-Zehnder % 3R 25 3L

BoE G T WIS R R LM R G R AN .
TAEPBE N 0.48~0.95 wm, A FCEIEH KT 120,5%
R HE A SRR Mach—Zehnder 43 8 #5 10 A 3B 6 O
2R 30 mm, ARHE T OIS IS TS 2 5 R AR i
A TR RN T - e KGR 228 58.2 wm ; Wil Jr ]
/N RAE VB 243 5635 7 10 B4R & 1.7 mm AR
HE AR @) o UL G5B Mach—Zehnder 47 3 #3
Sy .

- A 58.2pm | gg0
f=arctan( H/2 )=arctan( L7 mm )=1.96 (7)

mE 3 ps i E R ITTHEE R, AR
A Mach—Zehnder 53 2 %% 1 0% 9 A G % 1 42 D=
30 mm , A F () A AT A, SRS RS T
JEH 162.42 mm, ARHE 23 AT H 46 T AL
A LA 523 R

S5 {4 % Mach—Zehnder 4 11 T ¥ L 1 AR R 58
FEh = ER . HTE AR Y KA Mach—
Zehnder 436 T4, CCD & IR 2% (5 CMOS),
K I B R T2 58 AR T 15 61 iR &R Gt rh 52
A Mach—Zehnder T ¥ A% 11 5 K5 B2 2 ) M2 e & T
Y, S24R I Mach—Zehnder 14 i1 T #6138 % R 48 %
FHANEL 4 PR sSER T4 . (1) U Bk A s fa s &5 4
FEUR L (2) TESLE =5 R Mach—Zehnder T ¥
G BUR R G Rk FE, i TR RGE , T
PO AR R G0 10 AR 7 ™ e S e T A
WA TR EOR . (3) BB, 7R 5k
5 Mach—Zehnder T ¥ G AR R 4t 22 (8]0 A5
Wi, RS H AR SRR S B o B B AL Y H
b, (4G e 8 i A v T OIS R R G i BUR AL
B S RIHEAST, Wi R SNg K,

K A TR A A7 B 0 8 ' 7 XF S 44 7 Mach—
Zehnder TG AR R S8 AT BUR SE 50, 15 2R
WA A TE R T SR st RE A3 &l 5~18 7 PR,
Horfr B 5 R IR A A (I R 552 nm),
&l 6 >R 2 4 D86 Fr 0 I B % < 1B R 656 nm, [&] 7
IR B I I KA R 760 nm

P 4 AR TETAR 22 T 9 i AR S5
Fig.4 Imaging experiment of image plane intersection

interference imaging spectroscopy
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Fig.5 Interference pattern at the peak wavelength of 552 nm
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Fig.6 Interference pattern at the peak wavelength of 656 nm
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Fig.7 Interference pattern at the peak wavelength of 760 nm

SHTE S5~ 7 13BN 58 WA IR AY B AR
A T S e R AR AR, IR H KK T
ZRBUIB PR BOR ; A IO R S R, T
ZRBU AT 1) B8 FE L BOK

m EW RGeS Ttk AR S, 5T
U8 BH BT 4 S A9 S AR A Mach—Zehnder ¥ 6 1% AL
BEARTT RAIT

4 8%

=A

I F LW B A B9 SR Mach—Zehnder 14 11
AT V6 GBS — A B K8 e ok
WAG A, HEA T AR/ P ReFa e n] 4 54

0524001-4



aohligk T2

www.irla.cn
——

% 5 2

% 45 K

AU, RIEE, S24K# Mach—Zehnder f 59 U143 3R #%
TAEESN AU R G0 2 B R BV, o] fig o
TREFERALAETWIEIERG h o d gl T

ASOBF ] MR

ﬁiﬁ'&ﬂtﬁ’ﬁ’ﬁf” ] i A FE YR AR TS AR
PLEEHLEE Y, 32 T1’E5€5l$ 7] Fo -t i /) 2 3 v
T A5 Mﬁ%%ﬁﬁﬁﬁ MR, iR/ N TR
ARSI R o IZBORM N [E N ﬁ##ﬁﬁﬂﬁ%{ﬁ"%
T r i G I SR AR — P e SR AR L T AT R
T%E,
SE 3K

[1] Horton RF, Byers T, Conger C. HEIFTS PHASE Il —Laboratory
and advanced simulation results[C]//SPIE ,2000, 4132: 95-205.

[2] Horton R F. Optical design for a high etendue imaging fourier
transform spect rometer[C]// SPIE, 1996, 2819: 300-314.

[3] Harnisch B, Posselt W, Holota K, et al. Compact Fourier —
transform imaging spectrometer for small satellite missions [J].
Acta Astronautica, 2003, 52(9-12): 803-811.

[4] Hua Wenshen, Yang Jia, Liu Xun, et al. Camouflage assessment
based on hyperspectral characteristics [J]. Journal of Applied
Optics, 2013, 34(6): 964—967. (in Chinese)

ESCTR, B, XD, S BT 0 AR AE 0 2k Rt 2
N FH Y2, 2013, 34(6): 964-967.

ke TE

[5] Li Yongshuai,Wang Zhibin, Chen Youhua, et al. Optical design
of large FOV imaging system for AOTF imaging spectrometer
[J1. Journal of Applied Optics, 2015, 36(1): 41-45. (in Chinese)
K, AR, BRACRE, S R 7 O T R U I A
OGO = BT (1], B DG, 2015, 36(1): 41-45.

[6] Lu Xuefeng, Bai Optimal design for

Qinglan. Sagnac

[7]

[8]

[9]

[10]

[11]

[12]

[13]

0524001-5

interferometer of imaging spectrometer [J]. Journal of Applied
Optics, 2012, 33(4): 666—669. (in Chinese)

B, T T UGOEIE LY Sagnae T LAk
B I1. BRI, 2012, 33(4): 666—669.

Bai Jiaguang,Wang Zhonghou, Bai Qinglan, et al. A study on
design method for Sagnac interferometerof lateral shearing [J].
Spacecraft Engineering, 2010 ,19(2): 87-91. (in Chinese)
B, £BE, AT 2%, % Sagnac £ 17 37 4] T W% i
F ST (7], AR T2, 2010, 19(2): 87-91.
Zhao Baochang, Yang Jianfeng, Chang Lingying, et al. Optical
design and on —orbit performance evaluation of the imaging
spectrometer for Chang’e—1 Lunar Satellite [J]. Acta Photonica
Sinica , 2009, 38(3): 479-483. (in Chinese)

BB L, R, SR IR — 5 TLE R L1 IO
RGBT S EHITAI]. 6T 2412, 2009, 38(3): 479-483.
Xiangli Bin,Wang Zhonghou, Liu Xuebin, et al. Spatially
modulated Fourier transform hyperspectral imager for HJ —1A
satellite [J]. Spacecraft Engineering, 2009, 18 (6): 43—47. (in

Chinese)

ALK, D8, K2, 45 FRBE I - 1A T8 A 25 [4] A 1
BT W ﬁEf%X&?I?[J] ALK TR, 2000, 18(6): 43-47.
Lucey P G, Horton K, Williams T, et al. High —performance
Sagnac interferometer using uncooled detectors for infrared
hyperspectral applications[ C]//SPIE, 2007, 6565: 65650S.
Horton R F. High Etendue imaging Fourier transform
spectrometer: US Patent, 5777736[P]. 1998-07-07.

Horton R F. Optical design for a high Etendue imaging Fourier

transform spectrometer

300-314.

[C]//SPIE Proceedings, 1996, 2819:
Paul Vermande, Christian Bull, Francis Delbru. Interferometric
Spectro —Imager System (ISIS) [C]//SPIE Proceedings, 1987,
810: 117-124.



