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Underwater leakage bubble orientation method based on TDOA
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2. Technical Support Center, Pipe China North Pipeline Company, Langfang 065000, China)

Abstract: This article proposes a method of three-dimensional orientation of underwater leaking bubbles using a three-dimensional five-
element hydrophone array. First, the orientation errors of the four-element planar array, five-element planar array, and the five-element
stereo array are analyzed theoretically and simulated, and the relationships among the orientation errors, time delay, sound speed, and
source position are compared. The results show that the five-element stereo hydrophone array is not affected by the sound speed error,
has a smaller influence from the time delay error and source position, and has the best orientation effect. A hydrophone array with a
radius of 20 cm is set up in a tank for experimentation. The four-element planar array and the five-element stereo array are used to collect
sound signals from four positions of bubbles, and the first peak of the sound signal is used as the reference point for the first arrival time
to calculate the delay. Ten direction estimates are made for each position. The experimental results show that the azimuth angle
estimation accuracy of the two arrays is similar, the elevation angle estimation effect of the five-element stereo array is better than that of
the four-element planar array, and the average orientation error of azimuth angle and elevation angle is less than 4°, which is consistent
with the theoretical analysis. Therefore, the five-element stereo hydrophone array can estimate the azimuth angle and elevation angle of
the leakage point at different positions, and can realize leakage point orientation based on bubble sound signals in the underwater
environment.
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FIRA FRB FEIRC HEIED

(b) fEAWF IR 2=
(b) Pitch angle error

& 13 JER T HICSEARREXT 4 A0 8 i 5 /9 10 1K
FE I EE R ORI AF 5 A AN R AL B 75 U8 04 Al 1 1) A
SEBR T ), S5 S R 4 A B S JRAS T 1) R e SR A
FESEBR 7 1) BRI, EDULAY 8B T 0 57 AR B a2 1) B 3k ]
LS Ay R ) Y s Y — 4 1



35(2) :74-80.

LI'Y H, HOU L, YU Q Y, et al. Simulation study of
leakage and diffusion of shallow subsea natural gas
pipeline [ J ]. Journal of Petrochemical Universities,
2022,35(2) ;74-80.

VAZQUEZ A, LEIFER I, SANCHEZ R M.

(2]

’

110 i & % ¥ a5k
N1 A Consideration of the dynamic forces during bubble growth
80 zggﬁ%g in a capillary tube[ J]. Chemical Engineering Science,
IOy s 2010, 65(13) ; 4046-4054.
_eop o B [3] bk 6T 500 S 00K T S0 R £ T 5 % B
gop TPERAE . GE[D]. Kot KK 2016,
g or 3 % % DU F. Research on underwater gas leak detection method
3or : based on bubble acoustic [ D ]. Tianjin: Tianjin
20¢ University, 2016.
1 [4] LIUJT, CONG SH H, SONG Y X, et al. Experimental
0040 80 120 160 200 240 280 320 360 study on asymmetric bubbles rising in water: Morphology
TALRIC) and acoustic signature [ J |. Physics of Fluids, 2022,

B 13 AonsiRBE T UOE R 3R 34 (2): 023317,

Fig. 13 Ten directional results of five-element stereoscopic array [ 5] POURSHEIKHALI S, ZAMIRI-JAFARIAN H. Source
localization in inhomogeneous underwater medium using
sensor arrays; Received signal strength approach [ J ].

4 i@ Signal Processing, 2021, 183 108047.
[ 6] MAHMUTOGLU Y, TURK K. A passive acoustic based

e K T SR IR = 4 1 ) 4R T — Fb system to locate leak hole in underwater natural gas

T 7 MR T TG e 0 7 1 v e O LR S T pipelines [ J ]. Digital Signal Processing, 2018, 76:
AL 75 M A B 1 5 A 252K o o e
KU RS, Wit e T 0 R SRR TR
o . . \ Ji . , , :220-227.
Hiﬁfﬁéﬂﬁﬁ)&fo I%I@ﬁ*ﬁ%iﬁﬁéﬁ‘%f% 3 R XIAO D, XIANG Y, ZHUO R Y, et al. Localization of
PUTE [l BR 22015 75 IR AL Hj‘ﬂlﬂ%%ﬁ\ﬁé TIRSAKCE multiple sound source with multi-type based on
AT L ORFAFD 4 52 o) 5% 22 LK, Dy 0 S 1 i 22 e beamforming[ J ]. Journal of Applied Acoustics, 2017,
ZIN DRl /IN IR SIE 5 2 AT D4R o A )R B P AN R T 36 (3) :220-227.

PEREIDARE R AT OC, 7 20 m/s BB T BRMHID 81 7HANG Y, WANG B P, RUIX B, et al. A continuous
FATRZENTIAF] 40, 3 FHEESN 5 G A 5 AR AR, (H ST underwater bubble localization method using passive
PR T AREAOD 7 040 2 1) B5CR A0 T TR o 45 5 S B v L acoustic array beamforming[J]. AIP Advances, 2022,
PEFE T BN AR 20 em WY PRSI FEAT S0, 45 5 o oo 12(5) :0083892.

SEARIK W 28 BB X KR 4 A7 B 0 1 s L XS B SE B0 4R [9] PADOIS T, BERRY A. Two and three-dimensional
U 04 5 T AR, 7 0 AR R 7 7 24 22 /N T 40 SE 1] sound source localization with beamforming and several
R T 1l B4 A deconvolution techniques[ J]. Acta Acustica United with

Vi e V2 T B2 b AT 1 S Acustica, 2017, 103(3) :392-400.

A F M R RS B A S S A g s (101 XI%oR, R, BRI E AT ROF PRSI 4 v
(L0 G A T 3 3 0135 68 A 0 06 O 3 3 i DOA DU ARIFSA L] far i, 2022,
i 8 PR, 2 0 P S O T 265 2 g #3(7); 102-111.
AT RE T LIU X CH, ZHU M, WU Y B. A fast 2-D wideband
%5t direction-of-arrival estlmat.lon method w1tb aI:bltI‘.a-I.'y
planar arrays [ J |]. Chinese Journal of Scientific
(1] ZaEse, e, Tk, &5 R RARVEE MR Tnstrument, 2022, 43(7) ; 102-111.
BOSBAEUOIIE[ )], Al Tm S isa i, 2022, [11] JERES, -V, &M, % 5T R AL AL AR 5

(R SRR Sl e B0 [T s AR, 2022, 43(3)
400-414.

QU B N, JIANG P, ZHAO L Y, et al. Passive direction
finding algorithm of projectile based on short baseline
sensor array [ J ]. Acta Aeronautica et Astronautica
Sinica, 2022, 43(3) .400-414.



8 1

F4HE 55T TDOA BY/K T Mt S i v s 111

[12]

[13]

[14]

[15]

[16]

[17]

I, Wi, sk E. BT IaoeHl /48 B 510 i
ITPEMRE Y], AR AR, 2018,39(11)
43-50.

XING H Y, YANG X, ZHANG J Y. Sound source
omnidirectional location algorithm based on four-element
microphone array [ J]. Chinese Journal of Scientific
Instrument, 2018, 39(11) :43-50.
FEJTIGE, XB, Wi A, 45 36 T Dot i S A 3 09 75 U8
SERTFE[T]. MO E 4 (B2 i) ,2018,56(3)
681-687.

CHENG F X, LIU L, YAO Q H, et al. Acoustic source
localization algorithm based on improved time delay
estimation [ J ]. Journal of Jilin University ( Science
Edition) , 2018,56(3) : 681-687.

XEE. T 7 PE 07 ) S AR I B AR T 5T [
% VYR TR, 2017.

LIU B. Research on target measurement technology based

Xi'an: Xidian

D]. W

on sound source localization [ D J.
University, 2017.

ET, UK, ASA. SR ITEE v KRS B H E
RORERE[J]. WA R Tolk K227 4z, 2006, 38(8):
1392-1393,1398.

WANG X Q, SHI'Y SH, ZHU Y. Six microphoned cone-
shaped array and its locating accuracy analysis [ J].
Journal of Harbin Institute of Technology, 2006, 38(8) :
1392-1393,1398.

Wridite, BXAHE, BRIL. WP S PR R K A Y
IFSE A T35 52 L RS BE 0 BT [0 ], 75 27 27 4l 2014,
39(5) :549-556.

CHEN SH H, ZHAO D Y, CHEN CH. Precision
analysis for underwater sound source localization in ocean
acoustic environment with time delay estimation
method[ J]. Acta Acustica, 2014,39(5) :549-556.
RANGANATH K A, SMITH C T, NOSEK B A,
Distinguishing automatic and controlled components of
attitudes  from  direct and indirect measurement
methods[ J]. Journal of Experimental Social Psychology,

2008, 44(2) : 386-396.

fEEE N

F 23,2018 4F T RE T KPR
BN S VR PSEPNES N EE P A A R
PR BER LA 90 A: , BRI 5 1) i e i
IE A%,

E-mail; wangquanzeng233@ 163. com

Wang Quanzeng received his B. Sc. degree
from Tiangong University in 2018. He is currently a master
student in the School of Precision Instruments and Opto-electronic
Engineering at Tianjin University. His main research interest is
pipeline leakage orientation algorithm.

WM GEAFFE#) , 2013 4F T R R
YA #2018 4E TR FARIF AL
AL, BN R 2 B 8, TS5 1)
R o3 AT RO AL B AL B 6 I SR S
I L ETE RS,

E-mail; shazhou@ tju. edu. cn

b

Sha Zhou ( Corresponding author) received his B. Sc. degree
from Tianjin University in 2013, and received his Ph. D. degree
from Tianjin University in 2018. He is currently an associate
professor at Tianjin University. His main research interests
include distributed optical fiber sensor, phase-sensitive optical
time domain reflectometer, and pipeline optical fiber early-
warning system.

BZUE, 2008 5L FiE K4, BN
el A8 AR A1 L 7 48 3 2w AR SR rpos
e P TR, SRR 1] o AR AT I B R
OB TS 5 N, B REAG I | B I 4
FRAET
E-mail; zhaoyf@ pipechina. com. cn

Zhao Yunfeng graduated from Tsinghua University in 2008.
He is currently a senior engineer at the Technical Support Center
of Pipe China North Pipeline Company. His main research
interests include the research and application of intelligent
pipeline technology, including intelligent detection, intelligent

perception and other technology promotion.



