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Abstract: An optical passive imaging interference system (OPIIS) was proposed for the real —time and
long —term detection of hydrothermal methane’ s concentration, temperature and pressure. Firstly, the
forward model that consisted of deep ocean gas emission model, seawater transmission model and

instrument responding model was built by interface description language (IDL), and its forward
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interference fringers were simulated. The SNRs of the forward interference fringes were in the range of

(50-70) in general. And the detection sensitivity of concentration measurement is was at least 0.1 mmol/

L, the temperature was at least 2 K, and the pressure was at least 0.1 MPa. Then, OPIIS’'s data were

processed accurately and rapidly by combining imaging interference technology and partial least squares

(PLS) algorithm. The multi —dependent variable PLS regression model of methane was established by

using 25 modeling samples, and this PLS regression model was cross—validated by using 25 prediction

samples. And the max error for concentration prediction of this regression model was 1.9% , for

temperature prediction was 0.38%, and 1.0% for pressure prediction.
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Fig.1 Schematic diagram of OPIIS

1.2 OPIIS FiEEal
1.2.1 IR ARG HTAEA

SC R TR T RO ot AR R R Ry R AR A R
JEA e L R 2R e L B v ok BORN A E A AE
TR e SRR 2 B ) Rk 0k
.2}}1 (exp%—l) (1)

L 8 5 58 BE 5 k(N TLP) S WM 2R 585 d R TR

L()\,T,P)z ( l—e_k"“*T’P) . d )

TR MG K X % 7 T 1~6 km (S, B I X6
TR SRR FH I A6 25 22 78 3T 53 L I e R B0 R 5
BE UK 22 PR R AT DL ERIR R
By(v, v)= LG 2)
(vo—v) +a,
Ko WIBRERIEE L LT ;v MIGLRIEE ¥
HITRAN2016 (High Resolution Transmission) 43 F
1% B RS B e i 2 S B0 A SO B R ]
VLA B o8 43 F A6 AT Ao Wk B AT Ao 3 B2 R AE: o] s 5
TR R OGSO R R B 0 e ok B [ O
53~200 mmol/L, i B it [ & 580~678 K, & 1% i
[l 20~32.5 MPa, & 2 Jir 7~ &8 4 B Joc 0 5 6 315

3.0x10” -
T =180 mmol/L. 650 K. 24 MPa

i 7 —e—185 mmol/L. 655K, 23 MPa
E 25x107h \ —4—190 mmol/L. 660 K, 22 MPa
o 4 v 195mmol/L, 650K, 21 MPa
£ . “-200 mmol/L. 650 K. 20 MPa
T 2.0x107 powes Lo P -
— v L |
5 .
z
S 1.5x107 |
(53
f=]
=
2 1.0x107
-4

5.0x 10—

1 640 1644 1648 1652
Wavelength/nm

P2 33 1 e i A Ot

Fig.2 Partial radiance curves of methane
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Fig.3 Forward interferogram of OPIIS
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Fig.4 SNR of the sectional forward interferogram
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Fig.6 Concentration errors of forecasting samples
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Fig.7 Temperature errors of forecasting samples
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Fig.8 Pressure errors of forecasting samples
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