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Research on CO, concentration detection method based on TDLAS technology

Chen Jianhong Sun Chaoyue Lin Zhigiang Yang Jia Ren Junyi

(Faculty of Mechanical and Precision Instrument Engineering, Xi'an University of Technology, Xi’an 710048, China)

Abstract ; Global warming is becoming more and more serious, and carbon dioxide, as the main component of greenhouse gases, needs to
be precisely controlled. Tunable semiconductor laser absorption spectroscopy is widely used in gas detection and other fields due to its
high sensitivity and high resolution. In order to further improve the measurement accuracy of the TDLAS system, the denoised TDLAS
second harmonic signal was analyzed in the frequency domain on the basis of wavelet denoising, and the frequency domain characteristic
signal related to the change of CO, concentration was extracted by discrete wavelet transform. And establish a regression model to invert
the gas concentration. The correlation coefficients of the time domain regression model calibration set and prediction set are 0. 998 5 and
0.997 3, the root mean square error (RMSE) values were 0. 045 9% and 0. 017 9%, respectively, and the maximum relative error of
the prediction set is 4. 62%. The correlation coefficients of the frequency domain regression model calibration set and prediction set were
0.999 3 and 0.999 7, the RMSE values were 0. 032 0% and 0. 006 9%, respectively, and the maximum relative error of the prediction
set was 1. 54%. The experiment results show that the prediction ability and measurement accuracy of the TDLAS system were effectively
improved, which verifies the feasibility of the method.

Keywords : TDLAS; gas detection; discrete wavelet transform; spectrum analysis

AR RRIFHON — 1L eV R (X
SR 2R U B HE T A Tt 5 16
HOBTOEREE AR (TDLAS ) FUA 6 ok e, S i e

IR, CO, R SUUCHPH RFFSE N RS ERE BLF IR b 50 L 5 500, ™02 B
7 BT N I R T B R TOUURRRUA A BT TDLAS BRI LI O

0 5

il

Wi H . 2022-01-04  Received Date: 2022-01-04
w BE AT H B VE 4 F S & (2020ZDLG Y 10-04) 100 H %5 B



- 230 - S 1[I I IV = 3

5536 4%

P BY A R RN R U e X A D A TR A5 A
AR Gl O G H K AT A A I SR — 4 5
FE WSS R FH B A R Y s B O R S 1
YOI, MRS VGRS IR (A A AR T

[l 71 & 3k B % TDLAS 45 AR R 58 o A 25 350 5
ELHEA Tl B BE 5T A0 35 i, TDLAS R 50
For RS B S5 R A A ik R G, R CR AN RN R,
LRl b AR5 5 2 FE TDLAS #63% 0K ) vh 1) /)N
W AR, UK R AR IS AT IR B, AR S T RS
(M bE 5 AT 41 22260 e B Jo a8 I 5 A o, ) /N D
BRE X IR (G 5 M AL B KSR 5. 5% KN
2.7% ., PG, $2&5 Z 5000 &8 B X T ) TDLAS $ R
B BLA R X,

JIN 22 M AR S X B B A S R R R R
5 B MRS LRSS S A BB AR X N AR
BB IE AR 5 I 8 Z 40, AR SCHE /N R Mg g SRt L, X
N MRS RS TDLAS RIS 5 0647 T 458404, 1)
FHES U/ INE S ( DWT ) 5853k 3506 00 ff 2= 40088, %43
G A5 J2 40T 43 2 (Di) 64T FET B2 06 I i) 4 i 43
HIRAE, i 25 CO, 43T 3k AR 21 W YSCRH B A A3 38
TEAES , R PRI A AR R R 15 5 e S MR AY | I T
TR RE RIS, X /0N i 25 R 14— W3 B0k £ 5 2 BB Ja
WREL , AL RSB0 X R SEER 2 AR, AR SO TDLAS
RIS AT SRS BT 0 T, v Bl TDLAS Kl 22 48
PG RE B R Gk e 22 . TRl AR 5 i ] RIG ) 2]
AN, Ry ARSI A0 12 A1 T S

1 CO, REWMERS

1.1 TDLAS #& = 18

1 Beer-Lambert " Al 1, Y — R 452K g o 4 AL
O RHOCZE R SRR S |, HOGoR AR

I =1expl = PS(T)¢(v)CL] (1)
A 1, RASEHE, [ RESEWIUE OEEE, PN
W, S(T) MFFMAARAEIRE T T RIS, o (v)
LA REL, € RAUREE, L o SRIBOERE

M PS(T)e(v)L <<0.05 if, (1) itk H .

I=1[1-PS(T)e(v)CL] =1,[1 -a(v)L] (2)

a(v) =PS(T)e(v)C (3)
Ko a(w) IR o IR E, X2 (2) 8 B 5L
JEFF, AT LIS F)

I, & 1,PS(T) () CL (4)
AP L, 8 TR BAR S 0R BE TE A SRR AR I A
AERIZRNET, 1, S(T) (P @ (v) LERIEH #, RIE
RS I, 5K ¢ 2R,

1.2 Rt

FF TDLAS $ R H) CO, WREE R Gk I R BE AN E 1
iR o JEIRHFEE nanoplus 23 7 AE F= AU &1 24 ) DFB
TR, R S mW FE 1578, 67 nm 4b % H B
I, i HR 2L WO ME EAE B S A Herriott b
o SRS G LRI SR O TR S  Boh HLfE
5o DFB BOGTAAE A TAF i i FIELEE B 55 [ Port City
Instruments 2 B A4 72/ PCI-1DA % TDLAS 5 i 25 4245 |
ATERIE 0~ 150 mA WHEHOGHL I LA 7338 0 0. 01 CHY
TEC JEFEH R, PCI-IDA B 4E W T 15 5 & A= % BRIk
KARFUR PR, AT B0 s i G I (2 f) dlai
Horb (55 KA 2R HE 10 Hz 425 315 5 1 31. 2 kHz 1F
WG o TR, IE 52005 5 e SR RO 28 T i
MM ERS A5 PIRE 5 H 05 5% 6 5 v i 15
5 A BOE S RIS 5 A, i DFB 30 )
B AR B, 25, OGN A ok 1
{55 WA BRI G538 2 (55 Bk &%
5 BEE N 62. 4 kHz, K MBS R 2 £ {55
Bt R AR B, B AL X R AR B RS IS
PEAT SR AR S AT

Herriot cell

DFB laser

Photodetector

Collimator
Phase-locker amplifie
Current module

R — =):

TDLAS

TEC modulg, controller
T 2f signal

K1 RGN

Fig. 1 Diagram of detecting system

ORI TR RS R X 5 S R A AR K
i, YL B 1 R 37. 35 °C, TAEFL IR 60~80 mA ,
T 3 T L A T RO AR B K R, DA (RO
P A4 — b o F I R . SR A Herriott W UAC
i, 2t ZUWI S AR 10,1 mo B 624 WG B, B K 4R
T RS M EL ARSI R R

2 SE S

N R A ELAT AR 5 AR B TR R LA R RE T
P8 R = SR v [T A T S (A R A 1 A
PRI 25 R AR T A TS s R, A
B, R /NI AR o /N D R M S I S A S 2 RS
411 B S 1 B, = N AN ol S 1 e i =
CO, W& B A AR C By A5 AE 7 o, /NI 25 R 5 1 K
WS 2 Fi,



%6 T TDLAS iR CO, e BRI 7 BAF 5 231 -
0.4 10
a of Ao |
03 . NEERER I '
SRS fXIO l
) d2 7§L |
E 2 5 10
b B3 D]
= 3 2
%1073
(S)ENMMWN\/\/\/\A/\/\/\/\/\AN\AWWM
d4 -5 | L | | 1 L | | Il
0.02
-0.2 ; : : ; . s 0
0 200 400 600 800 1000 ~0.02 s . . . f . . . . )
SERE S 0 100 200 300 400 500 600 700 800 900 1000

B2 /NIRRT ) UG

Fig.2 Second harmonic signal after wavelet denoising

H/NBE S B FEAR AR 59 L2 (R) ZE ) AT LA
KRGS £ (o) $RHF 2 B — Bl /N BT /NI o3 figg A2
O X REL () BN R RRIR N

ww——fﬂn( ) (5)

e, o WA T (SR T ) ; b PR T
0., (1) WAKHT o 71 b B/NEEREL, IATE S /(1) A
B A VB0 A A 2 43 i, o5 I o 0
(55 SMRFsY

f(1) = Ek,

Sd .2 (2% - k)jk e Z (6)

Qo) BRI/ NT 2 BRI 43 FURAE 2)
2+ 1 Z B S AR ER 4y, ik, ol DR s (s 5
TERS ] LA K A 1 AR R A 0 1 , 1 ST B8 A 445 S 21
TR E S AR IR B 2 R 4047

TER R Ge A ARG I T 3L B | % sym6 /N
FX RIS AR S T i . UL 1, A il i 2/
A R B BN 42, j R )28, 43 i 10
)2, RGN R T (4075 4312 (D) /N R B0 AR
3.4 frw, iT LA B 5 0 e SR RS
TR, XFEEZ /N R BT FET, R4S UG IS
SEABBR AN  m E, E 5.6 s, SRk
B, %R REESE 7 J2 T B4y s R B I o fe: e
585 CO, WAL B A G,

2 Pb(27t - k) +

3 SLIGEH

3.1 CO, MELy
AT BB CO, MR S5 s — & Z [ fY

KR FARRE SRR RGP S A I, B AR
THBCHRBE R 0. 2% ~3% T 11 23 dL51fE CO, Mk, K

B3 A srht dl~dS J2 /N R A
Fig.3 Wavelet coefficient at the detail

component d1 to d5 layers

0 100 200 300 400 500 600 700 800 900 1000

Bl 4 475504 do~d10 J2F i/ R EL
Fig. 4 Wavelet coefficients at detail

components d6 to d10 layers

x107
dl

00

ﬂEfFa/a.u.

0.
a4

ds

i
2%l
W .
JJ_A

7000 2000 3000 4000 5000 6000
B /Hz

KI5 dl~d15 JZ40755 7 g
Fig. 5 The dI to d5 layer detail component spectrum

2 AR A B P R AT R A A O R O R
T P SR AR TE R UGBS S . NS
B IS o an il 7 .8 F19 R,

F T VA R G RE , 50 UEATI 4 AT AR Ak U 1)



Fig.7 2 f signal with a concentration of 0. 2% ~0. 9%
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Table 1 Total sample set data
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2 0.6139 36.730 1
2.2 0.678 3 40.783 9
2.4 0.722 1 43.502 4
2.6 0.801 1 47.632 6
2.8 0.846 0 50.675 7
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Table 2 The forecast set data selected in the sample set

CO, WREE/% Iy Wi{H/a. u. B A a. u.

0.8 0.262 3 16.321 2
1.3 0.4313 25.274 6
1.6 0.516 4 30.423 1
2.2 0.678 3 40.783 9
2.6 0.801 1 47.632 6
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Table 3 Time domain model regression results
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Table 4 Frequency domain model regression results
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Table 5 Time domain model prediction results analysis

CO, B FLIHH/ % CO, B BN/ % AHXF R 2/ %
0.8 0.79 1.25
1.3 1.24 4.62
1.6 1.64 2.50
2.2 2.18 0.91
2.6 2.59 0.38
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Table 6 Frequency domain model

prediction results analysis

CO, e HIAH/ % CO, W ETMAE/ % AR 22/ %
0.8 0.81 1.25
1.3 1.32 1.54
1.6 1.62 1.25
2.2 2.21 0.45
2.6 2.61 0.38
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