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AeilE., 2RE, GAESHEFRL, ERELEEATRAQF R ML H B AN ERF LT
W, K RUBEFZES R T W EAF . ZEEF B @ERF LA, E TV R, RREFHT. £
EZ. AREN. FEEN ., FFEREFESTHFE Z A, A Michelson THRXEE A,
{81 Z /48 Fourier & # i AW EARE R, R 3 M TWRAH KA 2 A NETF Fourier X # & &
HEEANAEB TR, REFREENA.

KHIA  Fourier Kk, AL, BRE, ZRE, WHE, FTXH

1 3|5

1665 4F, Newton | FH = H Bk KB LU (ol6aly, B IR E IR BDGIE A2 AE 1. 1859 4F, Kirch-
hoff I Bunsen 21 Al 7t 7 B35 1 GOGIAL, XA B A OGS RO FE, B 7O o i
2. SIS SO R F R B EBOCMME A 43 6o, 1880 4F, Michelson ¥ & B T DU 4% 5w 44 (1T
PN, 1887 4, Michelson F1 Morley 4 FI| ARG Bl & 7 40 BLG R I, 487 7 6IEAAR M, IE
B DURANAEAE, B SORIRT R R HE AR St T SE30 95, 1892 4F, Rayleigh B RKIIXOEIR T3 5o
VG TE M AFAE Fourier Z2# R &, T BN G Z m R oH 5 B Tl SO, 128K — BT 24
JTRIF. 1965 4F, BEE TF RN AR M K EFIRE Fourier AR 1 HIIIL ) FEF Michelson ¥4 %
) Tl ) B AR TR AL, BN Fourier 28461 H R (Fourier transform spectroscopy, FTS).

Fourier 4845615 A A] ASE IR &1 R G 15 4 # e, 38 A i s A m 1) RN 2 3l A o ), G fdi L
WA T iR, mRBEMGEEBE SRS, 24, FTS CRIEMN iR A a1 fL Y
R, £k Rk, BHIF DA HEE, BRI 2 OU8AR 3] 1R TIZ R H.
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Figure 1 (Color online) Schematic diagram of imaging spectroscopy

20 tHh4d 80 FARM, A AT 2 MR HAR 1 & FE A FRAR I 35 1 e 1 =1k, g i HiR (imaging
spectroscopy) 1EA—FH 2 2 Jo(5 BIRIRE /1 1 Bk 208 R F B via i 2k O, sugot i A BEmT A
PAF BARHUATRAR, AT LASRAG T RO ISR S5 2, 1% B SR PR EEAE 32778 (datacube), 40
1 o, BUAEAETEA e R EE IR (. AT AT 5, Hh, Fourier A2 # gifG 6 igHi R
(Fourier transform imaging spectroscopy, FTIS) K T3, dkK 1 FTS BIFEEM A, KEE
DA T I V21 0t S V1 e A B N G = oy a7 2 N =l o1 a2 2 < S = L s SR
SARECT AT BB 22 8] A B R B SR 7).

2 Fourier TN IEFRARRIE

Fourier 8 # YA HIAZ 0o A2 T¥51X, Michelson T AU #E 2 AT . K 2 AT
Michelson F#X ) FTS FEIREE. SGIEA MO ES)S, @70 /S0 AP ARM T8, — R
e i 8 R B SR B, PRS0 SRS, B IE A B 2 RET BRI AR A0 Bia s R,
PRSI [0 70 RS, 80 BN B 2 TR RN 8. PR 2 OGRS A K a1 B sh i A2 3,
TR S WAL ZA WA, R SR B TE SR — 2 M2k, FRAE T (interferogram).

RGP BB EOEEEON v (B X B, IRIEDY o, 73 RASHIRAT R r, B0 ¢, W
WA ARIE N

I(z,v) = {rta[l + exp(—ig)|} x {rta[l + exp(—ip)]}". (1)

L R=rxr*T=txt* Blv)=axa* 3 (1) \JLATE{L A
I(z,v) =2RTB(v)(1 + cos ¢), (2)
Hrb| B(v) MGIHEMEEESE, ¢ = 2 NENEL S e BIR MM 2, « NefEZ.
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Figure 2 (Color online) Principle of FTS with Michelson interferometer
IR TWE RS RO TR A (DL 205 500
I(z) = /0 I(a,v) dv = /O B(v) cos(2mva) dv. 3)
ML B(v) NSEREL 1(x) NEREL T EEERTS 2
I(z) = /_  Bw)exp(—i2ma) dv = F{B()}, )
BRI B 5 NS S AFLE Fourier 28 #eoe &, Kk, #ig b R FHEXT T BT Fourier A8 B v] & Ji

XFSERR FTS R G, 6l i AR Z AR A PR, T35 B 6 7205

I(z) = /V2 B(v)exp(—i2mvz) dv = /OO Tp(v)B(v)exp(—i2mvz) dv, (5)
B'(v) = /L I(z)exp(i2mvz) dz = /OO Ty (x)I(z)exp(i2mvex) dz, (6)
_L —00
b vy, vy NREGEH, L RERAOCREE, JE TR0 HEBAU A & 5
1
ov = I (7)
IXERHICIE RN \
R= w5 (8)

Ty MR %L, L Fourier A8 N #F 2 M pR2Y (instrument line shape, ILS). Fourier A% # ¥ 14 it
W TANES M B A7/ Gibbs BL4, 8% 75 K VAL BRI 2L (apodization function) S| Gibbs #R¥%
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(55, G35 = A R %. Gaussian B%L. Happ-Genzel B4, Hamming PR %055 10, )k & 7w 0 55
R [ I 2> BEAIC O 3 20 1.

T EERAEL R P ICAFAEAR LR, 78 Fourier 284 5 50015 2 A 7 200 3 B BTGB IE, &
AP R Mertz 72 M1 Fl Forman v 12 25,

HbAh, SEBR R G AN LB G M A TE MR S, R G A AR I 2 R 3 B8

_ 2 2 2 2 2 2
Osystem — \/Uphoton + Opattern T Oreset T Oread T Tdark T TADC) (9)

ﬁ\:l:':" Ophoton j"j%% 7“7%;57 Opattern j'\j*ﬁﬁ 7“7%;5’ Oreset %E{jﬂﬁéﬁ7 Oread y‘jiitﬂn%?é; Odark y‘jﬂl% EEA?]J?I_E?
N =N =
oapc NI
M P R T A R P R, RO 2R, SR P A e L (4

Np(@) _ Np(x)

SNR; = A =1/ Np()

Osystem g

AT s (10

Hrb, Ny(z) 2T EX MR, s NIETTTRERN S G T, At BRI E, F# R
B F A r(v) REEERAMIEL R, h N Planck H4L, ¢ HETLHE.

RGN DLPRIN A8 152 M 7S | A e RIS P A MR 75 S5 I, BRI 28 M 75 52 R, I )
(EL
Ne(z) - Ne(z)
Osystem \/aﬁattcrn —+ O—Eead + U?iark

v v)-s2. At-r(v
i b %[1 + cos(2mv)] dv

2 2 2
\/Upattern + Otead + O dark

Hrp N (o) 3T O R L7 B AERIN 28 1 75 32 IR C A, Fourier AR O () 22 8 IE {1 35 1]
2, BAERREREL.

SNR; =

; (11)

3 FfiElEH Fourier ZHRALIRIAIEIAR

B 1] A 1] Fourier A8 # % 61 R (temporally modulated fourier transform imaging spectroscopy,
TMFTIS) JFEH 5 2 2L, i i i&E 2 (e 3 AR F T R 28 2 L& 7 IS A R 6 D i
HIRe ), BUBARRE . TR ZEAE Bh B ia il A2 v B IR (A1 R4k, 38 (&I T 3k g it ) 60 b 4, kg
Vi) f 1)

K P T3h%% Michelson ¥ RIS TR] 1 1] Fourier 22 e % 64X, 3hiiia shid 72 vh R A ik,
S PECEW RS RS, SR EDGIE R, Wi 3 pR, LA RML AT o, idmRi L 0
PREICHRZENLE o, VMR B, NS OER D, AFHEHRFCIEES O MEEEN .

FIBRESEIE I, WASHOCRBI Y, 7L A

D/2+e
I(xg) = / B(v) cos[2mv(zg + 2£8)] d§ = B(v)sinc(2mv D) cos[2mv(xg + 2¢0)). (12)
—(D/2—¢)
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Figure 3 (Color online) Moving mirror tilted in Michelson interferometer
AL, 4 P BRI, T35 BB —A sine BRBORH, 1WA
M(D, B) = sinc(2rvDg). (13)
U SRR S BAR F B00 T BEE fI E R BEANE 10%, B
M (D, Brax) = sinc(27w D Bmax) = 0.9, (14)

2P I sh BUA VR SO R N

Bumax = 535+

HU A =632.8 nm, D =50 mm, 5 8 = 0.33".

AL i) Fourier A8 4 BAR G TEACH ST I S A MUR I SR AR5 724, Bk, m PR tEmshes
PR A2 L VB DR R OB R . 3885 SR FH B B MR S IR 2 5 1 P, ot A sl X B i B M ) T vk e
P T B B ARt 5% 22 sz i (191 [, R A 707 R B A IR 6 R 5 NS R A1 AT L RGP
A7 P T B H B 6 TR 5 N B TR ] TR0 P AT O A5, AT SHE SR E A BUR I sh B R 4. I 4 A T
AR TV 0O A OB T SPAT B R S T U8 T R R, X T RN R
TE AT EIE B AR R, B A A URHI AN RE 00t 56 AH ORI~ AT B2, kT ORUE 712 B 0 1 1 FE.

I} a3 1) Fourier 28 e f5 6 A FL AT 4838 & (throughput) B A, B, shEiissha BIR K, it
s SEIUM Gy HEER, N 402 AR R B 32 B LUK AR A IR R ASRERIIA . 1996 4
H AR S 0 ek BRI T2 (ADEOS) #3iR = AR M T4 191, 2016 £ B RS <K=
U5 TR T35 0O BRI 20 SR T P 8% 77 285 2003 405 KRS KAk 2 5k
36 TR (ACE) #5311 Fourier 28 #tiliAy 21, 2009 4 H A K S 1R = AWM B2 (GOSAT) #4#
(R AL AT 2L AN Fourier 2B it AX 221, 2018 SR “ii2r 1157 PEFEE T KA IBIL 4
Fom e o MR R 231 SR T AU B T AUOT .
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Figure 4 Three TMFTIS types of high stability. (a) TMFTIS based on double pendulum interferometer; (b) TMFTIS
based on ultra-rapid-scanning interferometer; (c) TMFTIS based on Perkin-Elmer Dynascan interferometer
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Figure 5 (Color online) Principle of SMFTIS and the interference pattern
4 Z[EFH] Fourier TR EAIEFA

BE% Fourier Z2# GG TE BN FIUR A AN BT h €, 20 tHE4D 90 EAX, HIL T2 Fourier 22 #t
JRABIETESIAR, Fe B By MU GINIREE . BUA BB, SRR R BTV T OO SREE BT UIAE T, T8 B 4%
FEAN [ R 52 22 7 A1 E THT R DN 25 O PRI 248 25 1] b, FR 92 ()] Fourier AZ e s AZ061E BOR 24] (spatially

modulated Fourier transform imaging spectroscopy, SMFTIS).

73 (&) ] Fourier A2 #t UGG BRI FEA T WA 5 s, HaTES . NGkE%. Sagnac i)
BIYI T Fourier 8% FETNEE RIS k. BRg% 7 m S g e B, A TRT &G
FETH [FI I 902 Fourier %&B@ﬁﬁ/@ﬁi, EﬁrﬂE?'”f)]?/5@(4%53&%5@’9]79%’%*9?@?&%, £ Fourier 85 )5
RAFW, A BT B = — e SRR SR 25

BN MR GEAE T EDOC RS IR BT UTEDY ¢, HREPRAE R S5oehhefy 0 BIAHT LS Fourier
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Figure 6 (Color online) Optical equivalent model of SMFTIS

SRR, TEARI SRR B R 2 o MR A T3, WA BFE N
(S

o
ot f7 3g Fourier B8 72 1E. M2 5% B2 1T A

/ B(v cos(?ﬂv) dv. (17)

7% (B Y 1) Fourier 284 AR I A YR MR AT SR A B 4T B 1) — %1 H AR AU TF0 I, A3 S 1592
FHRLI AT R 6. A ARV T BB A% U7 [m) & B 4548, 3k AT DAAS 21 00 — 4 23 ()5 B AIAE L 6 1SS B, TB
FEE S5 .

AR ] Fourier 284 B% 0 1 AR T FEPRIN 28 RE T WK, TSRS, FER
WHIE G B 6 AR LR SRR,

XA v B, WARIZHEA R T 100%, Botilik s, MFE Ny 29

z+s/2
I(x) = /+/2 B(v) - exp (—22m/§u> dz = B(v) - sinc <§;,V> - exp (—22711/3”> , (18)

B e 1 B A

6=(-sinf =

M;(v) = sinc ( ij,” ) , (19)
b, Cs/f TV RIBRAEFRE. M4 Nyquist SRAEE B, 201 2
SIS
7 < =—. (20)
SRR 30 [ 1 52
M;(v) > sinc (;) . (21)

R A A B E S A AR
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%1 TEBEETFS N0 TFHEBHERAR

Table 1 Interference modulation depth of different lateral shearing interferometers

Lateral shearing interferometer Modulation depth
Sagnac Mi(v)=1
Mach-Zehnder Mi(v)=1
Lloyd M (v) = sinc(2vw sin 0)
Fresnel Mi(v) = sinc(2vw sin a cos 6)

M (17) FTHN, Sagnac 1 7] B YA G 3E SECT I EASE R TR HA2, Bk Sagnac
W BY )T AN, I8 2R m) B U134 nT H T2 18 A 61 Fourier 284 UGG IE R A, 45 Mach-
Zehnder T-¥#X « Lloyd %%+ Fresnel 8% XTI b Bi 55, AN RIS [a) Y] F- 35O 320 B i) B2 R 52 1
ANE, gk 1 fros. T3 BRI EE 0B AR 11T Fourier 28 #k i AZ G 1A ER AL T — A& W A4, BT
T8 B ) 5 o AR IRAE N 52 SR RS (W 52, % 7 V2 RO 1 A% 3 R £ oy A (261,

28 17 BT U ACA R 20 R R BE RS, 23 18] ) Fourier A% # A O 5 1k 4% i B R Bk
T R, 56 MR TR, XA T M s 8 7 6 5 s — AN, B W R A% e
FET7 1A R BN, RA R IIA RS iR E R, HEZ BN RSO TR SR AR, X
EIRT RS 7 N R N B =i Geh == g7 16 2 )

2 [A] Y ] Fourier 284 BLAG G B AR MUK SG Il UG IR IR R T — AN Hnigie, s Rk, e
R, M 1 23 18] 7y FR e OGS 2 F A A8 TR PREEIE AR B S . 2000 4F, £ E T “Mighty-
Sat 11" A, $4%% 1 HPr E1 & 28 A1 Fourier 284 BAF O AT R0 i 18 J A M BRI A PR 42 A
e BT, FEPIZAT 2 4F. Xiangli 55 28 HFRIROIRE FA8E - 147 TR GG IR ICT 2008 4ER ST, &
SAERAR E 11T

5 BFEiE%] Fourier THARR G ICIEHIA

NT 7853 KAE Fourier LG BRI B B AL AT, (RN SHE S e v MRS € 1, Xiangli 29 $2 11—
TR AU S GO RO Ty %, B 7 fro, dar B8 MRS BB DT Fourier B1A1
PSR, o, B BT T30 SO — O AR T [R] e LR — AR 17 BT D7), 28 Fourier IR LS 25
W RATHE, PR T30 G E R LT B E&In 7 B ER TR T ERGER MR
AR TR, XS m R, B, H AR R e T B G B BT AR 8O M i
MG A RERRAT, TR R, DR, %05 SERR NI 23 ] Fourier 24 BRAGOGIE BOR (TSMFTIS),
HoE BRs RUR BRSO SR th BUH BB

H AN PREE, 2R Fourier 228l (X AR IB B S IEAMINLAL =, v T Bk
JETEAX. TR, FOGRE AN EOME B Cu s, DT SR R0 23 3 1) BRSO 1 ORI M B 2%, Bl ik,
Rl R WP EE R

I 2 ] Fourier AR HBGOG I T E A XS (16) M, EHRETT XZE2AF, WK 8
PR, FE TR, SeRe 2 SR 2 A AR FR ) 2% 2202 [ 58 19 HAE R — 51 EARSE, REET- I EIRE, How
W E TR AL BN HRECENE 5, ££ ¢ W, ZITRARAR o), TR A
BN I(x1), £ to BZ, ZIL T RS 2o, THSRIERIRAN I(xy), LS, £ ¢, I, 250 T
BEARRR @, TUSRRIZ RN I(2,). BEARNZ] L AT ARTFE RGP AR ER I(x;) $REHK, &
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Figure 7 (Color online) Principle of TSMFTIS and the interference image
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(Color online) Interferogram extraction procedure of TSMFTIS

Figure 8

WP TSI T %, ATUE R, 2 T E RS E 5 Fosi) 2 w6l Fourier 2280 & B06
AR — I Z A Bk g T8 B RAE T A LR AR TR .
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Figure 9 (Color online) Schematic diagram of parallel sampling method

T35 B IEF BT 5 B ) s B o] OB FIRAR, ] LAES I & ZIRAE, iRYE Nyquist KA EHE, H
2
f/ .
2Cv

Bl 9 iR T k=2 BTSRRI R, R0 2 (22) &M, A 8B FIEEHH 2 KA e
B JE ik A1 ' SR AR BRI 28 1R T A i, Sbr R AE oy 2 — WL, SREL 2 B H BRI T,
AT FHATRALE BOL MRk EHRT LK T 2, SEETERI 28 B AR & £

e R AT R 2, (IS 25 1] Fourier 2848 BAG OGS0 A S s 2 8] 49 2R e it il A%
PRI —Fh o A7 30058 T B DA RIBIEON I, 5 T2 AMXHHE A 6800 m/s, 2 A0 #ERN 2.5 m, I
R, KT AR 385 I 38 51 R RIS i 2720 fps, SR HAT REEFIAR, BU k = 4 R ER I 23 MU B A
2| 680 fps; J3—J71H, LABRGIEFE 0.5 BITil 5, BRI AR 7 I TR 2075 0.179 ms, 62 RGK
& F A PRI ES 7R 6 RE 22 A0 B i A5 5 00 P E B ] IR RN o0 75%. 1 SR VRN
SR 2 fin, ETEZSHIRRRGICE RS TL T s sh Mz, DUESHERN TR, 1685
SEPR I 2SR 22 48 R A BR .

i 2 ] Fourier A8 A6 A BARFEARIE & SRFEWUIN . e M2 AR, HHETW
I RS AER AR T B AR 5 AR AT IZ 2 1R 75 [ 1A RS B 350 S0 2, 30600 P 8 R B8 ORI A 3 AV
PE 7K.

1993 4E, 5[ Horton 2% BY #7124 fe it Fourier 22 He 84X HEIFTS, JFRE T JR B IFIA
5. 2005 4F, 2 KAH] Barducci 25 B2 B 7 B IEFFSBUE T ALISEO, WA K. Xiangli Z5HF i
FERE B - 147 DR KILEFS RGO LASIS, T 2012 4E. 2014 FEHI4k K5, 2 E PR Eig4
W — RO R A B ] PR R 25 R 1) Fourier 28 4l A% e 4%

ks <

(22)

6 I

Fourier 28 #e A5 V61 H ARAE R D AN T 75 5K A0 IRK B B R JE, A SCHZ I 3 il il
4 FTIS MUSEA SR B, S5 58 | SRR AN 2 BN T HEAT 1 MR 2. Fisi b FTIS 3 K BEE
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* 2 BERESHESAERGRFTESY

Table 2 Design characteristics of the high spatial resolution hyper-spectral imager

Instrument parameter Instrument characteristic
Orbit altitude 500 km
Imaging mode Continuous pushbroom
Ground sampling distance 2.5 m
Spectral coverage 400-1000 nm
Number of bands 64
Parallel sampling times 4
Maximum frame rate of detector 700 fps
Pixel size 16 pm
Quantum efficiency 0.81@645 nm
Full well capacity 200000e™
F# 5
Integration time 0.179 ms
Solar elevation angle 70°
Albedo 0.3
Output electrons of zero OPD 150156e~
SNR of the interferogram at the center burst 500

HORFS RS F&, ASCRAEemE . s msh 2 FTIS B33 Gl fe i ik BUu A, Lo
BUDH TP R B, SEBUR R R 2 7

JEHARK, Fourier ARG A RARSR T I ER, 5REG ERAERHOR AL 2 120 1 B ATy A 1]
P FTIS s REE Rl o P i (5 e LU SE 00 2, R RS HE R g . ISR L 75 Gedar Ul
SR 1308, WK SO RR TR E AR B IS FTIS M R SRR L,
BE 105 72 U 8 [R5 L AT AN I S, O R8RS RS R G R BRI A 2% B AT H
R e i BT R S 2 OS] BER A B A T Michelson T#MXPIATRHT, QA
M TR I B 5 338 1B0), AR AE 223 18] 5] 7 R I A5 A3 R R S v 0 8 7y T 4 4% 5 KA

&2k

1 Newton I. Opticks: Or A Treatise of the Reflexions, Refractions, Inflexions and Colours of Light. London: Royal
Society, 1704

2 Kirchhoff G, Bunsen R. Chemical analysis by observation of spectra. Ann der Physik und der Chem (Poggendorff),
1860, 110: 598-625

3 Michelson A A. Studies in Optics. New York: Dover Publications, 1995
Michelson A A, Morley E W. On the relative motion of the earth and the luminiferous ether. Am J Sci, 1887, 34:
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5 Rayleigh L. On the interference bands of approximately homogeneous light: in a letter to Prof. A. Michelson. Phil
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6 Cooley J W, Tukey J W. An algorithm for the machine calculation of complex Fourier series. Math Comp, 1965, 19:
297-297

7 Jacquinot P, Dufour C. Optical conditions in the use of photo-electric cells in spectrographs and interferometers. J
Rech CNRS, 1948, 6: 91-103
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Fourier transform imaging spectroscopy
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Abstract Imaging spectrometry can obtain both geometric image and spectral radiation of targets. Prisms,
gratings, and interferometers are often used for light decomposition. Fourier transform imaging spectroscopy
(FTIS) is based on light interference to obtain interferograms of the target and reconstruct the spectra using the
Fourier transform method. FTIS has numerous advantages, including high throughput and spectral resolution
and multiplex. It is a hotspot in the field of imaging spectroscopy and has been established in three types,
namely, temporally modulated, spatially modulated, and temporally-spatially modulated. FTIS has been widely
used in various fields, including industry, agriculture, scientific research, biomedicine, atmospheric detection,
environmental monitoring, and resource investigation. In this paper, the basic principle of FTIS based on the
Michelson interferometer is briefly introduced. Typical techniques for different modulation types and remote

sensing applications are also presented.

Keywords Fourier transform, imaging spectroscopy, throughput, multiplex, modulation depth, parallel sam-

pling
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