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Abstract: Spatial heterodyne spectroscopy (SHS) has been rapidly developed and widely used in recent years as a
new type of super-spectral resolution of spectrum analysis technology. According to the structure and principles of
SHS, various kinds of interference and distortion of SHS application system which influence the interferogram are
analyzed in this paper and a correction scheme of SHS interferogram for the suppression of the interference is
proposed. Experimental results show that the proposed method can correct the interferogram effectively, and make
the recovered spectrum reflect the input spectral information well and improve the inversion accuracy of the SHS.
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Fig. 1 Structure of SHS system.

489

OEE | Advances

HEER R ASHEE RS HOUHMT S IS, A T
205 JEHMHERS A R RS B A HOTR, A
TWATERA B Sl & MO0 T - Ao 2s; g &
GERE T  AR BURAG B PRI 45 BBV I (CCD) L

2.2 SHS EAKJRIE

SHS FIRTEHEM G1. G2 B va/Rih T U
AP S 55 B A4 e R AT e
b, —HAS KA RS E A EDEM G1 F, JF&
G1 AR B 55— HOBE o s ARG G2 I,
2 G2 FThHE R Ay RAS . WHGR MG FRR 2 43R
R, FERE A I T 480, ISR R S5 (CCD)
KA B SRR T ARSI —E L R AT AR
FEIRHEIEE B .

K1, z e, 0 RRTEEL S e
i1, ASTRVITR A IO 5 st T S5 05— /M)
Seffity , IS y G R E R

m
=,

7 (1)

K o BASOCRIBEL, m BATHR, 1/d 2
ZIRER R . R R o FOGT E Littrow H
HERLACE, BOXER S T e f s & (2 =0), N
W o) BN Littrow AL, HEALEWEE o BOLHR
55 Littrow 4L o, WG S A ZE My y . WG
WHB SHCBAP 20 2y, M) y FAH—Br
AU BIEECH o BTGy 25 R AR 12)

k=20siny =4(c—o,)tané ,

o[sin @ +sin(8 - y)]

)
i AJCIR AT EE PR BN B(o) I, 132 R SR
TR
I(x)= _[Ow B(o){l+cos[2n(4(c —o,)xtanf)]}do =
[ BU)[1+ cos(2mkx)]dk (3)

2 o SR AR X AT TR b A O €0 ORI
i, AR RGP A T B A R T A AR R
o, + Ao HiEE BN R JFEE B(o) -

2.3 SHS EAKiEaE
1) 53BN FR
SHS 143k SR IR 15 0 1) 19 B Rk
A2, BVEREL 1 iy x By m RO R E U T
B, MU, =4x,,.tand , x,. =Wcos6/2 , FrLi
U, e =2Wsin@ , W SHS 153 FEp FREH
1 1
T WWsing

S0 = 4)

2U

X max



OEE | Advances

K. U, BRRGEESOCEEZE, W R 5
JE, 0 Mt

2) Jr¥tEE

HR4R 1) FP 43T B 20 HE B AT £ 51) SHS R G043
fig 11,

R:ai:4Wsine.a. (5)

(o}
3) Stk
SHS HPOGIEHER Ao S EM G —FE, 2R
FHWEIRFESE N, B

Aazg-é‘a. (6)
3 ZHEIMNEXRIEN TS EERE S
Lot
3.1 RESHELER

WP — BRI RGERERY BRI R, XA
RGNS, MS EEORIET MO HE : —E RS
& HBATAERZE, WEET . 7B AR R4
PHOE G I e A AR S A 5 — R SR PRl ok A
P, W=TPReR . SR A RARES . HA,
FEOPX R MG AR, WS RIR) i/
T UE PN T PR PR | TN e G N
2 A ol g g 2829026

L AT e 2 TR OGRS ini
SO S OGS Y IERATE, BT LA R RO T AL
IEALHR AR DR R W DL SRR KRR £
I E . SRE | /INBS S IE SR IE A 4
REIEAE, T ] B A 2 RO R T
Hel L AR AT

3.2 FEHERIE

K(3) A SHS T FRIAR, PR i FAL
PRRRE R AR | MR TS G LSO AN
A S ST R I B AR . R, U ERIAS S
At

1(x) = [ BUOLA (%) + 5 (x) +

26(x, k)t (x)t5 (x) cos(2mhr)]dk 7)

K (k) RTHRPTAHIRCR, 0 (x) Mtk (x) 5
S SHS MRF A Fil BULIK 1)f& 88 (55 A8 B 1558
PRER . T (7) /2 SHS T B — e geih X, BARE LT,
q(x)=ti(x)=1/4, T e(x, k) EZNREZER N 1, H
ifi 7 e A 22 S TR N

490

20175 , 554446 , 5554

Englert 1 Harlander 7F3Ciik[16]HXJF4H FEAZIE
BT VRGN, A SCLATF 5 SO REEAS STy (301
AR, B, HOPRS AR IR A

I(x) = j:’ B(k)e2 (x)dk + I:B(k)té(x)dk +
[ 2B(k)(x, )t ()t (x) cos(2mkx)dk =

I\ (x)+ T (x) +

[ 2B()a(x, )ty (x)- 1 (x) cos(2mkx)dk, — (8)
R () AT, 1, (x) A1, (x) 2 BN
Jao. ME(S) AT LUK EL :

L)+ Iy (x) = [ () + 15,0 Bk)dk =
C-[1a(x) +15(x)].

W2, @) HME IS ER LA 1, (x) + T5(x) , J

T A PRS2 .
I(x)
I, (x)+15(x)

% [ 2B(0)e(x.k)

)

Mcos@nkx)dk .
13 (%) +15(x)

UERt, BIABIER T

N ACIAD)

LX)+ I(x)
X9 & kB, LR b oux) WHES

2t, ()t (X) /[t2 (x) + 5, ()] BIEARTE o BT LB (10) 242

A7 PN ) s B3 LA I R () il T AAS 2B 1E 5 Y

P

(10)

u(x) =

1= { () 1}
u(x) | 1, (x)+15(x)
% [ B)e(x, by cos2uka)dk . (11)
33 41 Bt

1 T SHS SRAE M T FUR e A RO 22 X TR N1
B, XA TR TV SR IZ X [A] Z SR
R, LB EID G RPN A E S . i,
WERA N Z T R OGS A 554, hiiE(E
ST R RS 5 kR, ELSRR % B (B 55 S
HARARIE RSSO G E S v Rtk SRR
FBOR XS T 6 R SHS 85 IR IE AN B 5
—HE A

PIBE AR, R-Fb E AT UI AR, a7
TR TV E S AN A T R R e, R B —Fh s
IR IVER . w WA UIRBE R — M R,
JEt e, HIE 7T PR, Hanning 7 pREL. =0T bR



DOI: 10.3969/j.issn.1003-501X.2017.05.003

¥4 M Blackman-Harris 7 pRETEEPY . DA Blackman-
Harris 7 pRECH BIEFT 00T, 0 X3,
w(n) =0.355766 —0.487395 cos(%tn) +
2n 2n
0.144234 COS(W 2n)—0.012605 COS(W&’!) .(12)
Hrhpn=012,.,N-1.
Xof o T PRI HHZR WA 2 T

1.0

0.8 |

0.6

—

-

04}

02}

0

800

600

0 200 400 1000

Blackman-Harris %i 5%t

B 2 4 Y Blackman-Harris .
Fig. 2 4-order Blackman-Harris window.

Blackman-Harris 7 pREEL A 3F 5 5 1Y S50 1 RE
1, A U 5 5 2 BT 1 R (RO G 5 5 - T I B
DIORIE SR 26 B I B 55 605 55 R A

3.4 MIKIE
FHOIAZIE Y H A28 T IHBR i T o i SR
I . BRIER SIS R AN 5] | TR IR 25 DU BCRAE
AR 4 5) 55 A SHS I 3 A T35 EUR KRB
I, SHS A5 [l oA 130321
I'(x)= j:‘ B(k)cos(2mhkx + D(k))dk =

%fw B(k)exp(—j2mhx — j(k))dk =
% [” B(k)exp(—jd(k)) exp(-j2mk)dk . (13)

X (13) HEA T 30 L AR A5 B i 3 B AL
IEIEHSE
B(k)exp(—jP(k)) = B'(k) =

Re[IFFT(I'(x))]+ jIm[IFFT(I'(x))] . (14)
M2, RGERMNIRZE
D(k) = —arctanw. (15)
Re[IFFT(I'(x))]

i 2 (14) 5 B(k)exp(—j®(k)) = B'(k) , 135 R 511
BNy 7

491

OEE | Advances

B(k) = B'(k)exp(j®(k)) . (16)

RS TR SEAR M WA SRR Al BL AR

55T X AN R A T L A 5 B R TR
2, RA6) AT T FR:

B(k) = IFFT[FFT[B'(k)exp(j®(k))]] =
IFFT[FFT[B'(k)]* FFT[exp(jP(k))]] =
IFFT[I'(x)* FFT[exp(j®(k))]] .

A%
M (x)=1'(x)* FFT[exp(jP(k))],
N(x)=FFT[exp(jP(k))],

A2 M (x) BRI AAROIAE I IG5

(17)

4 FEINEREN TS ERIEATE
S#IES
4.1 SHS LWFEEE5MEEDHT

4.1.1 SHS L&

AR SCGHE AT HE SHS SL5-F- 5 T TP IR I E AR EE
WF5E, AR A5 ZER 8 T A SE8 -5 (&l 3.
4 IR)e B 1 HZRBOGE-SHS 6, Hrh s mli
J6#$W H Thorlab, %145 HNLO20L, T% 2 mW; %5 [d]
PEPE RS [{ RMEYEH, A5 GCo-0112M; M ELE BN
HAEYGH, BHAA 60 mm, AFH 300 mm; HEHH
H Thorlab, %5 BS013-50:50, #x1< 25.4 mm; fif5H%
Whe A A A PEs A R F, B GP122, ZIRE%
JF 1200 I/mm, AI{# B 300 nm ~1000 nm; 02§
Wy 1 £EfE, B9 Canon 600D; DG IER: S
kR G . AN A B AL R A A R A
Alo 6 2 HEDEAT-SHS &, L aekTig | b
IR R A ) 5 R AEEBEZH R Canon 600D
FAEBLEE Sk, HAb AR5 1.

4.1.2 SHS LB F-HHRESE

S S & HR R 2% (CCD) AR C AN 80 1024x

1024, 1BICRST R 4.3 um, HAWARSCSHANER 1 R .

4.2 FHERIELE

BIRASCET T AL -5, HT R E
AEBOTIEAIR], FTLAART LSRG 2 SRR T3 15 S 1)
PAT AT, BRI 5 TR .

H_E AR AR A A IE AR FR AN

1) 53 BIRET W EDGHE G 1(x) FIFRE G4
ML (x), Iy(x) CREE A ECIRATT HIDRBEERY B &
St G2);



OEE | Advances

A

=

B3 RAMAE-SHS BBFE6 1.
Fig. 3 SHS experiment platform 1 of He-Ne laser.
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Fig. 4 SHS experiment platform 2 of sodium.
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Fig. 5 Flow chart of SHS interferogram correction processing.
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Fig. 6 Denoising data of platform 2. (a) Interferogram of denoising. (b) Recovered spectrum of denoising.
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Fig. 9 Apodization data of platform 2. (a) Interferogram of apodization. (b) Recovered spectrum of apodization.
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Fig. 10 Original data of platform 1. (a) Original interferogram. (b) Original recovered spectrum.
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Fig. 11 Corrected data of platform 1. (a) Corrected Interferogram. (b) Corrected recovered spectrum.
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Fig. 12 Original data of platform 2. (a) Original interferogram. (b) Original recovered spectrum.
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