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Fig. 1. Optical system of imaging interferometer for passive remote detection CO’s temperature and

concentration.
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wavelength of 1.5654 pum.

(color online) Three profiles of CO’s center

#1 COMIG6% RI1I—RI16 WLMERE
Table 1. Convolution value of six spectral lines of CO R11-R16.

Y Pk /nm 9%@'5/10723 TRBRTERYY H 9 R/ ‘JEJE{?E HRUE/

cm™3-molecule™ cm™!-(1.01 x 10° Pa)~! cm™!.(1.01 x 10° Pa)~1! WiR% 1022
R11 1565.35 1.652 0.0385 0.062 0.74 6.8660
R12 1564.74 1.587 0.0383 0.061 0.73 6.5771
R13  1564.17 1.500 0.0381 0.061 0.72 6.2302
R14 1563.62 1.395 0.0378 0.060 0.71 5.7924
R15 1563.09 1.276 0.0376 0.059 0.70 5.2968
R16 1562.59 1.150 0.0373 0.058 0.69 4.7690
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R11-R16 as source lines of detection system.

(color online) Six spectral lines of CO of

2 9PN LI ARRZ AR I
Table 2. Frequency absorption peak wavelength of 9 kinds mashgas.

RTERENLES 02 CO2 Cco

NO2 CHy CoHa NH3 HoS

RSV i K / pm 0.761 1.573 1.567

0.800 1.665 1.530 1.544 1.578

#3 M HITRANOS ¥y PRI 6 2% CO 4k
Table 3. Six spectral lines of CO from HITRANOS8 database.

et R11 R13 R14 R15 R16
K /nm 1565.35 1564.74 1564.17 1563.62 1563.09 1562.59
5% /10723 cm—3-Molecule ! 1.652 1.500 1.395 1.276 1.150
it %8 /nm 0.60 0.55 0.52 0.50

3.2 COSMFHEmEE

TR JE 42 B CO, CO,, CHy, Hy 2SRRI
WAL, HE RS RGN CO 24
2, T B CO TS L AEA 30 P Al o Ath <44 L KR AN
BRI HUR S AR AR, BT KR
FE iR BAEWF 7RI B COo HIFEXS 3R 45K, BT LA
CO L4 IEAL S FErh, R R/ EA
55 W U ) Ha O A1 COo X CO HI MR Y, B4R CHy 7E
R A — & &, (H% T CO R11—R16
W AT e T 2 33 K 1.567 wm 25 T CHy I 04 {8 % K
1.665 pm i, Fir LAA % & CHy X CO i 25 W 1

VRS, AN 2 BT A, BT B TR AR AT AR
Ak R RURL RVE IR B R /NE A (> 40 pm).

4178 (10—40 pm). H42 (0.25—10 pm). HHAE
(< 0.25 pm) 55 4, 28K ok B4R KT CO 4@
B 1.567 um K, BT CO SUAIE AL 4 7
% JEKTBUN it B 412K

i LR -BA1A (Beer-Bouguer-Lambert Law) &
AN, FRIR LN B o BB AT OGE AR S 2
HAERKE LR HUN G E L. BB
CO2, HyO HIW AN A2 5 SV U P 51HE CO
SAEIR RN Ko, ERBMCREL ko, \ FIHU R
K kgen LM, kex n = kab,x + Ksex, WA H AR H
J5 3 CCD 4Kl %5 2 18] CO £LAME Zesd i i F 7 K
AR R E N

Eyr L
— = exp |: — / (kab)\ + kscyx)dl
2,0 0

AL =

184201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 18 (2016) 184201

=700, (A) - TH,0 (A) - Tee (), (10)
H L& CONTERIIERE. FIH 2 i 5K 2875 A
CO X CO BRSBTS 51 R AR FE.
K> TR CO LR W iie: il < H CO & HY
PRI LT A 28 5 7K % VR IR MR A R 0 mT R oy 1]

katyo (A) = 6% 1,0 (V) (11)

o R AR IR B, f IR BN T B R A S
IKZER R E, kimo N KSEE AL °C AHXT
1 B 9 100% B 7K 28 950 8 6 1S W Ulc R 4L FRAT
WA I Fr = 80%, A7l B i < 1 i B2 N
500 K, MR4E SCHR[15], f = 17.22 g/m3; ¥ K
1.5 pm 4t kip,o = 0.0276 km~t, @it (11) X 15
3 kom,0 = 0.057 km~L. MRIGIL RE S EL K1)
KA TH,0(A) = exp(—kan,o - L), FHRMEE B8N
L = 60 m, 53] CO A a5 £ K 23RBS 1Y
FEi % 11,0 = 0.966.
CO2 43 T CO B LM H <4 CO &
H L AME L4 COL WRIUR HIE IR Ry
Tco, (A) = exp(—FKap - L), (12)
FHA R R B ko, W1 (5) TR, A = 1.56 pm
i, AR S Wk 1S BT R R R BN
0.0037 km 0. B FiL R KA COy I
FEGRFEAAR, & 8 KN 3.18%, a0 FL 13 1
Ja CO2 MR BLR, CO2 7 T 5% B KL i th
RRAH COp 12,565, WK R 2 i &
KAH COu 2.5 %5, Bl Koy, = 0.00925 km~1, B
L =60 m, fRA (12) X733 COTBIMFRST 4 CO,
WSS I %8 Too, = 0.999.
IR CO T2 W S U LR KESS,
W AR 2, K8 % . TR R R kLA
SO, MR AR T 50% B, B0k DL TR
BAELE; MR EE =T 50% I, o NS IR
2 A 91% I R SR AR, R
TR AL AR SR I AS KU JUAAT AR S AR R AR . A
SR R E R 80%, CO <A1 48 5t 6 1% 75 A% i
TR TR BRI IRAS KA R B o, R
BSOS, ST CO RELR 1T 6, Sk
e K LD A 28 i W SR U O B R AR R
RORERT CO T 21 4% 26 I HUR T BAA K U . K
FCT 1 i A i s g (6]

Ose =2 — (4/p)sinp + (4/p*)(1 — cos p),  (13)

Hrifp = 4nd(n — 1)/), dREBRESERK 17,
d = 0.001—100 pm, 5 H=0HE T 5 3 5k

n— M N1.33—-1.60; RIBER T THELENLAN

102—-10* em™3. #R4E (5)x, CO B RERK K
HUR fEiE I RN
Tse (A) = exp(—Kge - L). (14)

R (5) 2. (13) A (14) X, Bn = 1.57,
d = 20 pm, N = 500 cm 3, A = 1.56 pm,
L = 60 m, M1F 3, = 0.10. #2# (10) X, CO
LLAME AR H T AR R B I 2N Tians = 0.1

3.3 EXFHREIRE

SEILE 1 PR BRI R e, B — A AR R
LA 48 B AR KN 1.5654 pm FiHix CO (1
6 251 4 R11—R16 7 25 ok, R4 80 iyt
5 KRN S g 2 TR R ok & 07

Tt
Fi(), 6f) =
(%, 80) 20~ X)) , A .§]2’

Dewam

1+
Dewam  n?

(15)
Ho B2 MiEd &, o 2 WS A,
FEPEN A P EIE I R, Ao 20K, Drwanm
T Tl 2 E E T, ne a2 BRI B0 AT AL B
7t = 0.35, \g = 1.5654 pm, Dpway = 0.5 nm,
ne = 2.05, O = £10° K, M (15) X, B H
1) 325 3ok 26 o I A R AR RE 0 AR A G R B 4 BT R,
M 4T W, 247 95 3% 0.5 nm K6 H I, &K
%3 %9 0.23, 584 AR AN [N G CO 1 6 5%
R11—R16 2141 15 28 5k 38 H ok Bl N 58 £ 1 38
H K R A T A2 B, BN SR A 068 B )3 i 22
SRR 6 2R LR E I, BT LA 1 TR G R4,
PR B8 0.5 nm FIPEE R, BEIRIUE “F% 31 Ze il
PRI CO FITEEE .

0.4
0.3}

0.9 e :

Transmittance

0.1 sl

0
1570

% 1565

Yoy _
@Izgt]]/a 1560 _q1¢
o]

4 (PIFRG) SR B AN A B S R 5
Fig. 4. (color online) Transmittance of the filters varies

according to the wavelength and angle.
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Fig. 5. (color online) Forward results of CO gas tem-

perature and concentration by the Fig. 1.
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Fig. 6. Signal to noise ratio of CO forward of Fig. 5.
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Fig. 7. (color online) Forward modeling results of tem-

perature interval for 2 K.

2.0 g T
~—— C-c0=0.035

1.8 —— C-c0=0.040
jy — C-c0=0.045

1.6 /| —— C-c0=0.050
S 14 IIY_' L iEi 4
~ g0
-
g 1.2 )
g
3 1.0f-
o
5 08
-
z
g 06
&)

0.4 oo

0.2

0 i i ; i ; ;
0 50 100 150 200 250 300 350
Pixel

K8  (MTIRM) CO IEHBR ) 0.5% WL HMIAE
Fig. 8. (color online) Forward modeling results of con-
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Abstract

In order to reduce the second rescue injuries and deaths after the mashgas exploding in the mine, a portable imaging
interferometer system is designed to detect CO temperature and concentration by the passive and remote measurement.
The CO temperature and concentration are detected according to the rotational spectral line of CO gas molecule and the
linear relationship between the radiation intensity of gas molecule and the molecule number density, respectively. The
optical system is designed, and then its forward is studied in this work. The forward expression is obtained after studying
the following four seed models of the optical system: the radiation model of target gas, where CO six emission spectral
lines R11-16 are selected from HITRANOS8 database; the mine CO gas transmission model in which the absorptions by
the water vapor and CO2 molecule, and absorption and scattering by the mine aerosol are calculated by the relevant
rules; the filter function model, in which the matched parameters of the band width of 0.5 nm and max transmittance
of 0.23 for CO temperature are measured by the method of rotational line of R11-16, and the model of imaging detector
CCD in which the infrared CCD of pixel 320 x 320 and the max quantum efficiency of 0.75 are to be used in the optical
system. According to the given parameters and MATLAB programming, the forward imaging interference results of CO
differentiable six spectrum of R11-16 are obtained. The forward max noise-signal ratio is 268 when the exposure time
is 300 s. The max electric count is 1.5 x 10° that is larger than the selected CCD dark noise of 400 e but less than the
CCD full charge quantity of 1 x 10° e. The forward result clearly indicates that the optical system can meet the initial
design demand. The accuracies of CO temperature and concentration measured by this optical system can reach 2 K
and 0.1%, respectively. This portable system can be used to detect not only the mine CO, but also other gases like the
pipe smoke, bomb exploding gas, etc. in which the filter and CCD need to be changed.

Keywords: mashgas CO, temperature, concentration, forward
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