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A Balanced Exposure Technique to Improve the Signal to Noise Ratio of
a Shortwave Infrared Spectrometer
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(1. Shanghai Institute of Technical Physics of the Chinese Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The traditional exposure methods of shortwave infrared focal plane spectrometer have
shortcomings in a variety of applications. This paper proposes a balanced exposure technique to eliminate
these shortcomings. To improve the signal to noise ratio of the spectrometer, different spectral dimensions
are given different integral times. We built an experiment system that included a shortwave infrared focal
plane detector, a driver circuit, a signal acquisition and processing circuit, and PC software. The results of
five different integral times (3.31ms, 5.76 ms, 8.22ms, 10.68 ms, 13.14 ms) and the contrast between them
are close to the theoretical values. We conclude that this exposure technique can significantly improve the
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signal to noise ratio.

Key words: short-wave infrared, signal to noise ratio of spectrometer, balanced exposure technique

0 58

Bk 414k (short-wave infrared, SWIR) —fi/&45
BAKTEHEE 0.9~1.7 pm MLHME, A LR
0.7~2.5 um FIL AN BRI 204, 7 i 4y
T AR h & A PR 204, s A SkRIREE
PRV L LA D' 8 73 A A 2% B A2 R 41 Ah AR
JEREA . H HTH FH I ZLAM T ASCLE £~ THI AT & 2
RGTEE A NI RR, RLAIDCIBLCT )L
BT

NSRS 2 potastr 2 5, fELLAMEF L
WA 53 A1 o [RIES,  £E ARG b BRI 7006 A S
Wis HER: 2018-02-08: 1&iTHHEA: 2020-07-06.
fEZ® N ALK (19929 , Y3,

BEEE: M (19759 , B,
T{F. E-mail: chenxiaowen@mail.sitp.ac.cn.

618

ALY, WORTE S ST, it R R A
BIE ST, SREAE] TS B LA L
W

FeH AT 75 T B E ARG RS, R L3
R 1 B P8 A P B AR ) P R SR A e, 3T
LA RS M B B SR R .
W, BT . (EMELS, KSR —p
RS, TR T ARS8
SO S (1) AR, DRI AR S 40 M B A P (5 6 L LA
Qe R Y, RSB G E R
B BB R T — RIS R, BRI B
LT HME T T G A ) B RS MR L

WA, B, BRI ) R 20 AME P T B3R AR . E-mail:  1007443819@163.com,
BIWEIC I, BB IAE BRI TR TT, KT R 28083 {55 3R K R4 5 v 55 5 T i)



Ha42%E BT
20207 A

FALPRER - P B L0 el U5 B LU 2 B e BooR

Vol.42 No.7
July 2020

1 HEREIMSRERSR

FEZ SRR 2], BATATELE 2, 056
ASCRR) RSB A e LE B AR B T 886 KT 0 K. B4, (R IR
TOCIEACN, FATE R A BRI R ATRER, 15
FRAGAE e LS T RE R . SR, FEALSE AU LA AR
SFHEDGEA B, AR I AR T A
T PRSI BB PRV AR S AR R T8 3 2 FR A K B
IR R T, EATHREAT — AR R R 7 i 1]

FRFITFE AL, K DGR AR A L0 BLRE B
K3 P, & 1(a) solar CRFHERE) iR,

ggif%Lﬂ
VA

o 15 2
WAVELENGEE (um)

(W/m?/nm)

Spectral Iradiance
© -

0
250 500 780 <000 4250 £00 1730 230D 2230 260C
Wavslength (rm)

(a) Solar (b) Wood_beams

KEFLECTANCE
- N w - i

;\\

- L1
zo 1 H
g H
E= e
- HE

i H
Exi I3
zn
itk 4

» ]

in

“E L " . )

REFLECTANC
=

(c) Dry_long_grass (d) Alum

BI1 KB HTRAARGE, Tt A A A o )

Fig.1 Spectrum of Solar, wood beams, dry grass and alum

FEER 73 NI e, 5 BRI A 2 S R BH 4 4
B G, Bl R AR LA G g H W
M. HEREM . KEREMF YA, X
BeW 5t I ZL A 6B K 22 SRVE T SR R BRER S, PR tax
EPI AR TN AR 32 IUPSE AN SEL Y SPRE: S i A N
TR, BIVFE AT I £ A B e Bt 2 i A
TR, SR AN F] R ) 57 22 T FR) R W 4 s, B A7 AE 22
5o SE[E M5 2 5 (United States Geological Survey,
USGS) B X ¥ 2 MU A Wi sEAT 161 S o 22 P &
HHAERL e A, WigET AR S, i
YURIE™ W) AE R £L AN B ) D6 1 S A 9502 AR BH
Heie—3. il 1(b)Frori wood_beams CHfa
REGIE) , B 1(c)Fra~i] dry_long_grass (F-J b
Sty L B )R alum (BIRLA R 5B (g
% FE A W USGS I i http://speclab.cr.usgs.gov/
spectral-lib. html)

FH R b i B AR A B 5 i AR A () R
TR oy i A2 S HAE Bz s, JeiAXAE K

EHUE ESK BRI YIBR A6, ARy ) —
B, KRR 5 H61E SRR T x5 B OE ) e
o, RIHRZHOCE B AR EIRRHIE. A, £
JOJE G AN BUE £ T AS ] ) ' 1% 4 R i A7
9y, AERRPI AT AE BB 7 i T AR R B L
FUEAE T A RANEII A 25 T AR 2 i
AL, PR B B M L an B AT 14 B R SRR S g
T ERRKERBEN & A, Mk, #E
P ARG IS TR R, A A A A IR I B M LA
igr. ERXAEOLT, BATHAEERFE - NE PR
1] A DR AT R BOAN = AL M AN T AT SR
RERFHRTIE XX —80E, AR I —Fh
MR CEOR : RIFE AT 10 A R RO T 48 DX 3k 3 4400
TEANFEI ARG I 18], RO AR I B X AR 7 i
A)BCAE BRI AT B XA 3 I T A, A
BRI X R AR B R Re R T 7, [
I AN T BB XA 7 I 8], e TR X
S ENREL, A RGN B LA R A
MELE .

2 AHMETESUERREE SIS FIERI X R

LA 3 R FTT ST B B SR 3
L, JMBUEHCHRM T, T W R i B
BT B PRI T e — S5 T LR
W LI LT BRI, SEF T
SRR T S TE % TE -5 R 38 R RO
(MR H e T FL G0 L H 07 0 S
155 H I 2 BB, 8 T
FEGEAET 4TI e A (e — b
B MRCE R ER LIS, SR T
B A 0 (5 o SR W o T L
Sl BEMRIL, WEGERIT COD JRMEHIA 3R
4045 TR0 28 R 0 5 L
B, R R T
SO T O I B 2 ST TR 2 A
I 2 5 5P 8, S
15 e SR (0D B
Ny = ATt 2(2) @
Aot PO AR T LB e o
T BB EHRM LB, () ST Y
JERT M h AR ¢ . i)
AR, ST T B RE L. s
st FHOU ML, 4B BRI M s TS
B TR, AR, FTLLE 0
619



FA2% BT
2020 £ 7 H

4 R
Infrared Technology

Vol.42 No.7
July 2020

FHCAT LA I A I 7 AT A B 2 (2) M P
s
NZ

shot

N + N rzead (2)

total —

TN Nieag R L RS BT, 2 M ZLAMET TR
D852t HRL B DA R e B A SEBG P A F AE 5 RB L A
PR B 5| BE AR TR, SRR TE SR Nopor
AR % B TBORE R P FL T, o e R B 20 AN
ERG T ERAR BLR G AR B T Bl AN E BT BE
BUPETTE R R A 5 R), R R E S
JEHIE TR, T8 567 75 IR L IAT PR HICHE P
7o DR ORI P E TR o A n R (3) A

Nshot = \/Nsignal + Nb + Ndark (3)
e Np 2 T SO AR T4, HRIAA 5 (1)
T, RER PSR T SRS AR R G fa s o)
FRAPTT 5 Noark 2271 B LIRS A2 0 L7377 (4
i

IdarkTint
N, ; 4)
e gane A LI Tine 2o B PRI TC AR 70 i
i) q &R E.
BRI, 1 20(L) ~ (4) 3t T DAAS 2156 2 i iR T S
mgg b iy 24 K24 24 (5) -
SNR = e _ e 5)
N iota \/Nsigna, +N, + Ny, +N2

read

darl

HIPA_E 3T AT BB S Naignais No A1 Noark 3345 Ting
JRIE LSS R T Nread 55 Tine 555, T R 20(5) AT LA 1 -
SNR [ T BT, I L 2 2 Nyeag RV L H
WP TR, SNR 5 Tin? BRIE L R . SCHR[4]F
& 3 tBZh Y T B 640 X 512 HA i BRI IR i) v P
TR B3 IR 43 I 1] S5 MR L 2 (AT 5 R

o, AAFFEIGER IS, 7E5] 3 b BT ik 3 A
i R AN ] T N 255 (K145 2 LA SNR(A),

HBEAR K, B SNR(0.7)5 K, SNR(2.5)#/).
AR R, RN T, BSAS a4
3 B TR S5 AR I K AN RS B AN R AR, A 0 2 &
AR 15 B R = R B BA AN, LR (5 0
e BIanE — P o fal s B ARE LR . 2N 2
RS, JF HORAS TR IN FE Tine I R AR5 1 LE
SNR(A) S A . BBl , B SI [a] T(A) 2 i
L (6)FTR:

0.7/T(2) = AT, (6)

BRI, 1520005 R R A 2 fror .

SNR 1 |

08 [

06 [

0.4 : ==
0.8 0s 1 1.2 1.4 1.6 1.8 2 2.2 2.4 28

wavelength(um)

K2 HEARE T E A

Fig.2 Simulated result under ideal conditions
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Table 1 Integration time and signal-to-noise ratio of four regions

Integration time/ms  Signal to noise ratio

The upper part is 3.31 ms

The lower part is 13.14 ms

SNR in 3.31 ms area: 93.3818
SNR in 13.14 ms area: 203.5633

3.3land 13.14

The upper part is 3.31 ms

The lower part is 10.68 ms
SNRin 3.31 ms area: 102.3270
SNR in 10.68 ms area: 190.3640

3.31and 10.68

The upper part is 3.31 ms

The lower part is 8.22 ms

3.31land 8.22 )
SNRin 3.31 ms area: 112.4494
SNR in 8.22 ms area: 180.7088
The upper part is 3.31 ms
The lower part is 5.76 ms
3.31and 5.76

SNR in 3.31 ms area: 102.3270
SNR in 5.76 ms area: 135.9743
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