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Abstract: This thesis presents a new approach for acoustic gas influx detection based on blind source separa-
tion with some complicated additive noises. Firstly, it treats the model of acoustic gas influx detection system
as an instantaneous mixing model of blind source separation. Then, the additive noise of this model is figured
out and subtracted from the system. Finally, the least-square approach is employed to estimate the parameters
of the system without noise. This proposed approach does not rely on any statistic characteristic of the addi-
tive noise and can work well under low SNR conditions. Synthetic data are applied to validate not only the
independence upon the statistics of the noise, but also the effectiveness of the proposed method at low SNR
conditions.
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Figure 1. Curve: system result of standard experiment
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Figure 2. Acoustic Gas Influx Detection System

2. FAFEEHSRGNRGERESER

&1 2 P PRI R S ALRAEIR . YR S5
el LT IR S, ARG . 5



Proceedings of 14th Y outh Conference on Communication

P S A A BE ORI 2 T TR A5 5 22
BT AR A A PRSI AL RS S, e o I B
B etk 2 Bl B MR R gtk . REuH
EAF T LA W7

HRE &L 2 Fros (A U R SEHE ], AR Edls
1 ARl s 2 BRI il 0 R sl

n(k)=s(k)+v (k) )
r,(k)=h(k)*s(k)+v, (k) ()

b,k FoR B HORRERT s s(K) S AUk i 4 4
T h(K) KRR v, (K) ATy, (K) 49
e 1 R R 2 BB . X Rk
I IASKF R 3 5 OB PEAEAT AT 25, BIAR R o P
%5y SCRR[2]FF B IR BT 55 55, 38 1T LA A v
EHR s RSO AN T P 2 AR [ SR i
HEAT PEER I
3.2 WERAG T
PR 5 s (K ) S Dy e
FEIN RIS e v, (K) A B ARST, Bn] R (4) i
3X(5) 42775 A 74 A5 R0 2 T 4 Ay 7 5 £
{IZE W
r(k)=H-s(k)+n(k) (6)
Mo, fRas 1 RIRIEAS 2 Bl (15 5 A R Bk
FERMAE S r(K)=[r, (k). 5 (K)o (k- p+1)]
ek g 2 BCE XM 7 055 5 A P A 5 A R
A5 s(K)=[v, (K),s(K),,s(k=p+1)] , iiii 1%
B 1 B ol ® O oM 5
n(k)=[0,v, (k),--v, (k- p+1)]T ] AR A
r(K) =1 (k) n (K)o (k= p+1) ] g, 5%
(6) PRI H iRkl
1 h - h

p-1
H = . : ‘. : (7)

WU 21 P R AT AR G i H U A, EIC(6),
Horp p RoR RGN, — ORI AARSC BB T ik
e, SCOUECh R, KBy emErt. A
H, ZB)4 H AR A B v (10 T U5 70 28 105 MR T
g S

o253 Scientific
#4%» Research

3.3 kiRt

ARG R GEHFRTT 1L 20 0 W P A5G A7 A — 7 1Y)
K, tnde /N 3R (LS, least square) i i SR n i nge s
g AR, T RABAR (ML, maximum likelihood) 325 1
AR PSRRI AT DL, A Regs tIERI
FEREUR, ARG AAE KRR T R G R4
s IV o T b T B VR B B TE R YA
Z R, IAETT DA R T S A A — M 5
CRIVAT DA w07 20 A, ml DL A v 3 20 A 1) 45
), MATEE S EEARKILAE TR, RIENRS
B g 2 S vE M, BRI 2)JC I e
TRV IE A, o PR R e/ Al v
KRIENRGEHZH o XA WNTC TR L S AR PEAE R E
JEUSE T SCHR (2] H A FIO0 S e L, SORT AR A8 A 1
WAt v 45 R

H 3 P U A A s (K ) R SR DY B AL —
BEBIE T, e R MR AT [ A AR s i
A5 [ (K)o s (k= p+1) ] 1l AR B AL
RIS PR TR R v, () W0 545 160 1 s (k) o
(A BERIAR BT, O HRE FOh s A {5
B, AL 6 +F m OW F 5
s(k)=[v, (k),5(k), -, s(k— p+1)] 4l i & 5
BRI R 2 AT —AME 5 o w0 oA (R b B4
734k, (6)H H TR R, A H AR E [
THL. BRI, X (6)i 2 5 U B BT T B AR
WA, RFHAE 4 1) BT B Ve I B R B 5k B
AR 25 5y 1 B2 9k IR S B 1) 3 B e

g bRk, RSOk LN AP EROR S B
30, WA IR A R 2 T K AR m T RO
TR O) M S FREW 5 55 00, S r B R REW 2
— B AEHE e KB i, (K) » B TR e s
HOZLAA 0, (K) = v, (K) /W 5 S5 =25, Sl
PRGN E S k2, TG RGeS
b (k) =r,(k)—=V, (k) s 55045, FIHIEEER {7, (k),s(k)} »
AR e /N SRVEIRBUR SN Ve RIS HUAh v
4 (FEXE
4.1 KHNgIT

17 FLILHG 1 PEAT PRI AN R SR e 7R (e 7 R
AR WEE, ¥ASERMTNE (BL 5
MR 3k (LS ¥ #HATXI L. R A Hdh
{s(k)} R Bernoulli J¥41, Mls(k)=+1; RIMKRLES

¥ H EE L H =[05 -1.0 06] .

978-1-935068-01-3 © 2009 SciRes.



3% Scientific
. J
+* Research

RS B o RGNS v, (K) 45
T R AT (P 2, S R AR R
SRR, W RS Z M R sy i
ARPEIRR . SR (MED 0 X5
AR IR SR, S AR T R

®)

Hp FREJL B EE 2 (Euclidean norm)
Mean () F R HUME, 15 5246 X 50 X Monte Carlo
SEEG TS HAN TE 25 RO ME .

4.2 RN

B e IR R A A SN, ARSI BL
VLR LS VEPERERT LSS . 3R 1 4 2 U 5 L
SNR=10dB I}, BRI iESHANTHIE AL, 145 K i
Tl TS EU AR SCAEL (0 b U O A% 3 R R o
M 1 IS HAS T4 R A R AME 2 (MED o] LUR
i, BL VAR LS iE52 M A s AN, B aeds th
HERR I RS R EALTHPEREAR 2 I FLBE A B8 KA
KEMBE N, PRV I ORS B A e

R 2B HIPRIEER ST ST, UEBELS A
SNR = -5dB I}, BL 7M1 LS VESHHHRNE R, £
HR I P B AR AT A R N, LS VAT PERE
A e, A4 A RO B 1 4 A T 45 Hh
PR GE B B 255K T AR ST VR IR R R g )
BT LS v, Rl BL vk 3 KA R Gt 72
el v R A AT S R R, HARRURAE
M LG 0 T BE NS 45 B BAR I HHR S IR

Kl 3 /& BLVEA LS VAR FS 15 50, PRI
flivH-PERERE SNR B0 g . MR RTLUE H: 7R
M5, BL YRR IR 2 B BAR T LS v, R
HE HARRIIPHRAE T .

5458

BEXRPINPERE P51 5 R R G HE IR R L, AR
R B IR S HAR S SRR R SR B A 4 &
P T — M BRI e A% THERI BRI R A
BRI BT AHE IR 5 AT I 2 IR BRI
B PR KD R SRR B N B H U B IR I TR A
BRI, B C T RGN S R BT AR ] S B
g, HAEBURAEWELL TR ARG TR .

978-1-935068-01-3 © 2009 SciRes.

Proceedings of 14th Y outh Conference on Communication

References (5% 3 #f)

[1] Bang J, Mjaaland S, Jensen L K, Hendriks P. Acoustic gas kick
detection with wellhead sonar. Journal of petroleum technology,
1995, 47(2): 111-112.

[21 R, REYE. DS RGHETIERH R AR N —=kr g1t
MR GHR T 5. AR, 2001, 22(3): 261-264.

[3] Cichocki A, Amari S. Adaptive blind signal and image process-
ing: learning algorithm and applications. New York: John Wiley
& Sons, 2002, 1% edition.

[4] NS, WIESCAE. REHFIIER. Jbnt o EKRKE AR
#k, 2006, 5 1 K.

[5] Hyvérinen A, Oja E. A fast fixed-point algorithm for independ-
ent component analysis. Neural Computation, 1997, 19(7):
1483-1492.

Table 1. Performance comparison of BL and LS method
F 1. BL 355 LS Ry IERE LR
(BHERAESRT, SNR=10dB)

PRELIR N =500 N =1000
ik BL % LS i BL % LS ik
0.5034 0.5033 0.4995 0.4995
6,=05 +0.0145 +0.0146 £0.0102 +0.0103
0.9967 -0.9969 -0.9996 -1.0090
6,=-10 +0.0124  +0.0123 +0.0101 +0.0102
0.6003 0.6002 0.6006 0.6005
0,=06 +0.0185 +0.0187 +0.0113 +0.0118
ME 0.0247 0.0246 0.0164 0.0169

Table 2. Performance comparison of BL and LS method

%2 BL %5 LS EHEEE L
(BEEERT, SNR=-5dB)

X*iﬁ[ N =200 N =400

(RS BL % LSk  BL LS 7

0.5095 0.4538 0.5013 0.5356
6,=05 +0.0310 +0.1424 +0.0169 +0.1048
-0.9976  -0.0490 -1.0021  -0.9621
0,=-10 +0.0355 +0.0913 £0.0253 +0.0844
0.6029 0.5549 0.5987 0.6354
0,=06 +0.0217  +0.1413 £0.0215 +0.1020
ME 0.0498 0.1948 0.0323 0.1424
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Figure 3. Performance comparison of BL and LS by SNR
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