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Abstract Tunable diode laser absorption spectroscopy (TDLAS), as an accurate detection method for the trace
gases, has been widely used in the life and production. It can accurately inverse the gas concentration through the
linear relation between the integral absorbance and the gas concentration. The changes in the environment and the
system noise tend to cause the deformation of the absorbance curve. Therefore, it is necessary to do the nonlinear
curve fitting on the absorbance curve to make it return to the Voigt model. A real-time online monitoring system for
carbon monoxide based on TDLAS has been designed and built. With the platform, a fast calculation method with
the triangular Voigt linetype fitting for the single spectral integral absorbance has been put forward and compared
with the Gauss-Hermite method. The accuracy of the proposed method is only 0.11% lower, but the average
computation time is shortened by 84.19% . The experimental results show that the triangular Voigt linetype fitting
method can greatly improve the fitting speed only with the minimal accuracy loss.

Key words spectroscopy; tunable diode laser absorption spectroscopy; Voigt linetype fitting; triangular fitting
method; Gauss-Hermite method

OCIS codes 140.5960; 300.6260; 000.3860

1A = R D B ISP AT 30 3 AR SOL A A P G 2
P 8 S A R Sl O A YRR A R BRI SO A% Y

AR S RO WO HOR (TDLAS) B gy H R, DI 1 438 7 D UM B0 A5 AR M e 2, FE b i

A FARE R PR R PR SR AR AR EOCN BRI A R A E RO T 9 AR Ot
JRESMRERI Y E NIz —. TDLAS T B85S BE 1 2 1k ¢ 2 R R il B it <M vk 2

Wi HEF: 2018-05-24; 1B B HA. 2018-06-25; RABHI. 2018-07-03
EE£WMAB . BERESW &R (2016 YFC0201000) | % #48 Bl # K L Tl (15c2204124) L HE BRF ¥ 5 4w LT H
(1808085MD107)

* E-mail: yjzhang@aiofm.ac.cn

1214001-1



% {5

e AR F IR IR IR Ty Voigt &,
2332 FOGR I B HOG AR A LT U0 I G W RS S 1 5
M o DTS5 OO BE il 42 5 A o W I A AR R 22

BT, A TDLAS F W7 2 b o 200 W't B2
ML AT AR LA G K LT3 2 Voigt Ze A, AT
SO A I SRR OEE . T Voige BN
5%, A IE SR AR L R TR DR UEAS FE A H B T 4
FHAE S 1] PR 0 5L R B AR Voigt 2k AU g1 AT
Flores-Llamas 55" fif FJ % 18 2% oR Z50F 3L 45 40 i) Fn
HFEAL Voigt 2k AU, Puerta 250 ] 2 ~4 ik 1e
25 PR FIE A Voigt REL, = 2 i 55 K Puerta
SEEA Y Voigt BB THOLEMMAM G . R0
WS £ Y 43 A ef, w R R TR R OKORE O Tk R
Voigt &AVHATIIG , HALGTE TG E & EE
R P s AR B 2 AR L TR W T
AR I T RS 00 A R e LA AR X 2R G T o R ] 7Y
SR BOA ST R = A 2 AR ] T O e i 4k
AR LA .

ARLHFAHT TDLAS B £ W il 7 % i R
IR T TDLAS BRI Rt 53 T — %
A (CO) SERF FE Lk il R4e . DL R G AE N 5L 5

4. ff A Levenberg-Marquardt (L-M) ¥ % i
Voigt £ R AR A XTSI 0 1 1 O B i 4 ik A7 F 26
PEADL G Sk BE S i 7RO BE i L5 AL L H — 1k
P05 B 22 Bz B A ) v R B THORG B 45 7 TR (R
Wr-SRIR AR FE A R = O R AT LA

2 AR

2.1 TDLAS E#ERIY/FE
WG Lambert-Beer EHE, M40 /MG 3 — B
P A T, H T AR Wl R J 7‘6@/\7’i¢ﬁ
15, B
I.(v)=1,(v)exp(—Fk,L), (D
AT, ) AR T, (o) B H R0 BA
SOCHI R L A SR WBOERE s £, RO IE el R
B, MR —-SRWR TS . A
k,=S(T)¢(v)pm, (2
AP SCD) R E T BRI Zss; p <K E
J1sm WA Y BE IR 4 %505 ¢ (o) S RIS 1 1H
— AL LT R %L,
SR rh TR O B R A B A A A W R
PE 0 LRGP o, K

av—m{“(”)}—kvL—S<T>¢<v>meo (3
I.(v)

XEROEIE o, BEAT B 23wl n] A5 21 I A3 26 A AR
Sy WAL, BV IOEE A

AZJa\,dWZS(T)meO 4)

TEME R DR E M SR A AR 4 ik
o R B ' BE WA, mT DA AT AR R R B R AR
P (DA
A
S(THpL°®
S AN P IDAE B s SR e WAER TN s N L
SRR B o IR A
c‘:Am Lfﬁdc&d, (6)
AL L. C"
s o AR TR AINB L oo 0 B8 T8 U i 3
MEAR s AL PR BB WO BE s L, o R U A4
AR AL R TR I S I SR T Y R A RO B, AR
T2 S AR SO WO TS B AR Y S v B B Bk U
FEANE 1 iR
22 WMAEHEMERE
Voigt 26 Bl 15 1 R A ¢ uns FIE AR 25 20 Y
b Lorents A AR, Horp
1 71

orentz :7—4’ 7
#ronms (V) T (v—v)* +7i @

b sau ('U)_y /lzexp[IHZ(yvo)}, €))
G G

Kby, MR Z LA R4 5% (FWHM) ;5 7
Ry e BT R R 2 W A BE s 0 — v, S B L AR
BEES .

FE S x BRIy IS 2% 2 B i i &
BB T8 5E L,

5

m

yE%«/IHZ, 9
G
xzv;v%/lnzo (10
G
Voigt LM EIEK ¢, (v)H .
¢V<v>:J¢I ‘‘‘‘‘‘ (o — ) o (Ot =
In ZJ exp(*)t ) =
}’( T e (v «/1n22‘j +(71 J/1n 2 )
Yo Yo
In 2 y]o exp(— %) dr —
(x — )+ y?
In 2
— K (x 7y)7 (1D

TG

1214001-2



{5

i

spectral data

least square method
polynomial fitting

baseline fitting

absorbancy curve

Voigt linear fitting

Levenberg-Marquardt Voigt function

algorithm substitution model

integrated
concentration
calculation

actual concentration
value

Bl 1 TDLAS ¥ i J 8 5503 i 72

Fig. 1 Flow chart of TDLAS concentration inversion algorithm
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Table 1 Concentration inversion results using two different fitting methods

Actual volume fraction/10 ¢

Inversion volume fraction/10°

Absolute error/10°°

Relative error /%
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