koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis

Vol 40,No. 5,ppl407-1412
May, 2020

o
s
i

AERBEZFHTRKEF X ELTHRUERNEEMEIE

Fe', #ilE, HEW . FaEx’, AFHE, Rk
LR KR L A B R TR L%, K 300387
2. WAL R A B WAL Bt 071002

OE AU RBOEIE SR (TDLAS) iy T 5 iy R B8 . Sk 5 003 72 7R & AR T 45
. AR A5 R 5 32 B HAR R IR DS R B TE R IR BE T RN, A L2 M7
% 5 I 0 A s o X S5 2R AT AR AE o 3R M T — b O T ) A R A ACUR VR AR IE T T o R IBORIE £
D8 15 2 AL A AR 2 20 i A S £ R S5 IR R DI 35 — YO B (WMS-1 ) {7 5 14 e 45 i 18] B
AN YR I (WMS-2 f) 52 2 5 18] BE B4 A A7 22 15X 3 el 00 6 — 38 O 0 A4 (B0 1) B g — Wi o % o ) B
PEAS B0 PO SR 1 1) P 38R 3 A O 1 — U 5 H — AR AR U B CWMIS-2 £/1 ) AR A 20 4t 3R 355
O 3 B % AR L DI A 25 R A SR . SEHR DLW 1 980 mg + m g CO, Sy H AR, BT
4.989.97 em YW A B BRIk . A8 R B3 HE AT AS [ 981 6 R 8 A 28 T g 0 e S 8 ST SR A A T
S % 28 A XoF — 46,1 o MR MAC T e §8 DA 5 AR L R T — A D5 0 4 (L ) B R — a8 i i 2 1) B G 1) S
TR JF 5 A S A A A5 (3 T 58 RO AT X e, PSR R 257 100 LAY . SRE 13 5 T I8 B A
A 2 3 S B0 T B8R 4 I 1 % i 0 R 90 1R B X O B AN B B T AT R . S AT WMS-2 /1 f SR A i
T U0 1) 00 5 Y S B 2 A0 A AR B AT T B R A T L 2 SR e W e o 1) BB AR S R e i
R A JE T ) A B S5 i BE AR LR 22 /N T 200+ 5 0 o 98 ) B A S AR S Y SR R E E O T 200 — B0 B
IE T E R AT AT A Ak . E— 38 T TDLAS 3R 76 1 58 Dk 8 8 K38 BE T o8 47 0 4 e B2 460 100 A )
TR L o R R 90 T B X A e R 3 B T A B AR R R . TR AT . RIS S TR
F AR S B i SRR R R T O B Rt T A e S R Y [ A

KR BRIEEDEE UGB BB R shAME; CO, &l
RESES: 0433.1 XERFRIRAD: A DOI: 10. 3964 /. issn. 1000-0593(2020)05-1407-06

i+ MRS BE AT B s 2014 4F 3% [5 7 H1L46 K 2% 19 Goldenstein'™
RO 1 42 R 100G B9 05 W X R BEHEAT T AN EE L ELR H R
Bt AR A, EAMEES IR 2R 2016 45 M 48048 K27 19

5l

i

AR O I IR G 1% (TDLAS) 76 R & A i il op 2 A
PR TE L ORI R A BT IZ N TR AU
BEWEI L Ul R ) A Y R S G T
I It B4 T O R0 PR B A A B L S O R R R R E .
78 P IR i O 35 CWMS) A I i T 5 93k 8 2 % 3% 2k
DE VS BRI U AR S B R AR R A . DT R T v
WG RS A R B L.

RTWERERIPHBEIE. BN EECEMT RZH
WESE . 2010 4F PR 2 K 22 0 iod 37 225 L X R Z L5
AR N R 2 HEAT AR LR FBOHE RSB R EHIE T 2R

Wi BEH: 2019-03-08, {&iTHHE: 2019-07-12

Christopher'* 3R Ji WMS-2 f/1 f $ A% 5 09 B 947 7 900
e BEAR T AR G M I R 5 2017 AR L AR K 2 Y S
VR T RRA AL XT K ZE A CO, 1 B2 & )™ A 152 F)
S it A% s HEAT T RS A2 (EI RS BE R 5 2018 4R )5
ol s i 4 N, Sl i )R AT T IE . HR T ik
FE AR e 2 AR I R 2 R o LA 1 b £ 7 1k 2 A
WOME RS SRR MR B AUE T RGEE 2 18
Y AR S [ T4 o

PR T — R R TR SR AN O TR . R BN IR %
JERERBEAT AR P A, AL T SR B[] I BR T 5 AL

EETE: KdhAZAHHRITE (2017KJ085) , [H 5K [ ARRAIE 4T H (61505142) , KHETH H AR B #3400 H (17JCYBJCL16800) , Kt

T 85 45 27 B BT AT BA (TD13-5036) %% )

FERBA: 4. 1986 42k KDL K2 TR S L el SR

e-mail: lijinyi@tjpu. edu. cn



1408 S 5 6 M

i AT BB R (I R A BT WMS R, JENL TR R 5
305 2/ (F TS T R BER 1 {5 5 0 43 A A #E i R 3k X
T 3 T R R T R S R A T R 0 AR A . DT X A I
G — Y B 10 — Ak B9 WO B (WMS-2 /1 ) 46 I 38
g AR BE AT A

17

1.1 WMS-2f/1f & & 38

WMS 5%, ot AR ZIERES GG, F
B 7 A O I 4303 R L FMRIE 38 9 ) TM

v(t) = v+ acos(at) (D

Io(t) = I,[1+iscosCat + W) +ircoswt + W) ] (2)
o, v BB TO R, o RIEHIRE, T 2O TE Y &b
B EI6ER . i i 20 SR TE (L FIAR S (2.0 38 18 A
W, &y FM/IM MG » @, AEZ P TM A 437 fh
%,

WMS-2//1f £ ARFIFH WMS — % I (55 (10O % — %
WEAES CHBFFTIE—b, THERGHRAE b I & s,
Z 1 fE5 A 2/ fF5 iR

)

Copry o) A~ .1{ [ H. + 2 CH, + H)cos®, +

2 .
i, (Ho +%>cosllfg} +[%(Hl — H,) X sin®, +

i, X (H()PZI")sin\IQT} 3

YR ET . ANJR SR, IM AR 2 vk vl L2 g
(i;~0), T IM LM RZE i, R/, FM/IM A7 2238 5
ERUCA o =x A S5 AR KR 2, X 440 37 ik i
&, Lo EA, MR R RBH RN 0, )
%]

CZ./'L/(W) = 571/?7(:0) =
— % MJ;SAW + acosf) cos26dd (€))
AT DL B L SR PO RDGE L QORI . n LG A ol I SR Y
1.2 @i EENSRKIELRERNSE

Wk 1 VA IR R 2 b 2 A I B AR AR AF b 3 S 2
MR sEl Y, FERAMBE T, i8R 58 £ S, SRRk
TEALB T IR G LB R Bl . KN
1 Ay

L) =~ — 2%
Y T A+ )t

Forft vy JMORTCBR . Aw WK 298 TR
Av, = P> a2y, (6)

KO PRI o, RAFTABUL . 7, Uk
LT ES ST ST P S Y
O

CENOES C SR ST O Do

(5

%40 B
H
AJ"" coskl
H, = — . - . 7
t )= AviJr(eracos@*uU)“)da e
X
VT W =Ai
a — a 7ﬁ a )

r=14+d 4+, u=r+[r *40(2]%
RIFEL k=1, 2, —WEEGFS H G RBX A g
Pefss H. WFRIKXA 0 H
_ 2y Qr—w'"?
H, 7iA< a ) |:2(u*2)"'2(u*r)}
a2 (14 2r — 2w
H, = A( a > |i1+2(u*2)]’/2(u*r)i| o
WG Hy DR Hy DA 5 1Rk #HE S IHZTE v 4351
5H, WIEFHFE w, A H, W% S w. R RS
K
(1) #t dH, /dv, 7T LAFF3]50C10)

(8)

ﬂ\/j[(Ara,‘ 16a. 1zap?) 2] 0<p<1/2
4[2C4as — /16a) — 1245 ) — 3]
(10a)
2 Jﬁ _ 2
\/3[(4a,,+ 16, — 12a;) 27 e <g
4[2(4a;, + /16a), — 1245, ) — 3]

(10b)
He o, | = Aw,/2a, B=1/mCAREE . Hm>1/20fH
R’ (10a), 0<<m<<1/2 Btz (10b) .,
(2) # H, =0, AR AD

B= fla) = g\/az +2/T6al + 127 cos (60— 5 )— 3

arc(cosT)
3

— 512¢¢ + 11524! + 27
8(16a! + 12a2)7
Hrla. | =aw./2a, BTF p=/5/64 ., W 0<<m<</64/5
T S B R 5 H AT AR 998 4 0 A A e — R B ST 1 A A
B0, 38 2 AR A T S R SRk BT R A S, I 2 (10) Bk
AADBFETE Ave » 855206 1T DL i 2R 584 S ) R 0%
WAL . G SC CO. WeBE ) I8 IE B 8 T B g 3k .

2 SLEEkay

’

5 —
B=Algr 0=

T = an

SCERAEE A 1, ¥ 2 004 nm 440 K5 (DFB) 2 AJ i
W SR BOE RS (Nanoplus) » FL7E A HL 7 A1 B2 £ 806 758 i
i (ILX lightwave, LDC-3908) ¥, #6483 A HL I 75 Bl A
75~105 mA., B F N 10 Hz, IF 7% 8 4 55 K K 2. 56
kHz. #0068 TR BRE N 33.9 C. #OtH & 51 EOt b
JCELF R A MW I, — &k A Herriott(Pike, 10 m) K {4
S TSR K . — B%E A F-P 7 EL(SA200-12b, FSRI1. 5
GHz) [ F BRI . &SR WU E 1615 5t ot i R il 28
(PDA10D2, 25 MHz) 2 5 it A B il £ 5 81 A0 i K 4%
(DLIA) , [AB A 1/ F0 2/ 155, &5, X8ES Hir AR



%53

A 5 4 BT 1409

Ak B A5 AT b BN PR AT

Intake valve
Exhaust valve Suction pump
Photode | | P8 | |Embedded
» lock-in [
[\ | tector . Processor
amplifier
f I ‘l’ ’/‘ ] F-P
= ' b ’ etalon
Collimator | -
Herriott cell l
Laser - Beam
Controller splitter
1 EWRGIE

Fig. 1 Experimental setup
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Pressure Correction for Calibration-Free Measurement of Wavelength
Modulation Spectroscopy in Atmospheric Environment
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Abstract Tunable diode laser absorption spectroscopy ( TDLAS) has been widely used for trace gas detection due to high
sensitivity and selectivity., However, measurement results of the optical gas sensors are constantly affected by the pressure of a
target gas., especially in atmospheric environment. Most of the existing methods need to install pressure sensors on the spot to
correct the measurement results. In this paper, a simple method was proposed for modification of the measured gas concentration
without pressure sensor required. A gas absorption line with collision broadening dominant was selected, and wavelength modu-
lation spectroscopy with the first-harmonic (WMS-1f) and the second-harmonic (WMS-2 ) detection were performed simultane-
ously. The analytic expressions characterized by line broadening were established by the spacing between peak and valley of
WMS-17£ signal and the distance between two zero crossings of WMS-2 f signal, respectively. The effect of pressure fluctuation
on the measured gas concentration could be corrected by the WMS-1f or 2 f signal, due to the relationship between line broade-
ning and gas pressure. Carbon dioxide gas with concentration of 1 980 mg * m™* was used to verify our method. The CO, ab-
sorption located at 4 989. 97 ecm ™! was selected for concentration measurement with variable pressures and different modulation
depths near atmospheric pressure. The influence of pressure variation on harmonic signals of carbon dioxide absorption spectrum
was analyzed experimentally. The gas pressures were inverted by using the WMS-1 f peak-valley spacing and the WMS-2 f zero-
crossing spacing respectively. Compared with the pressure data measured by gas pressure sensor, the pressure deviation was less
than 1%. Therefore, the correctness of calculating pressure by analytic expression of harmonic spacing was verified. Finally, the
gas concentration corrected by pressure compensation was carried out by using WMS-2 f/1 f technology. The results showed that
the error of the corrected concentration by measuring harmonic spacing is less than 2% compared with that compensated by high-
precision pressure gauge, which is consistent with the pressure uncertainty (less than 2%) derived by harmonic spacing. The
feasibility and validity of this method are verified. It can further improve the measurement accuracy of TDLAS technology in gas
concentration detection under high pressure fluctuation environment. This method is very simple and feasible without require-
ment of additional gas pressure sensors, which is especially suitable for high sensitivity and high precision open-path measure-
ment of gas composition in atmospheric environment. Moreover, it can also be used for simultaneous measurement of gas concen-

tration and pressure.

Keywords Wavelength modulation spectroscopy; First harmonic signal; Second harmonic signal; Pressure fluctuation compen-

sation; CO, detection
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