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First Arrival Time Pickup Method of Vibration Signals for Distributed
Acoustic Sensing Systems
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Abstract Two-dimensional (2D) spatial position of a vibration source in an optical distributed acoustic sensing (DAS)
system can be determined based on a phase-sensitive optical time-domain reflectometer. However, due to interference and
noise, this approach may acquire inaccurate arrival time information of the first arrival wave of the vibration source at different
positions of the optical cable, resulting in large positioning errors. In this study, we propose a method of estimating the
first arrival wave of the vibration source in a DAS system based on bilateral filtered edge detection. First, the spatio-
temporal 2D signals collected by the DAS system were converted into a gray-scale map, and then the bilateral filtering
method was used to reduce the noise. The edge features in the gray-scale image were extracted using a Canny operator-
based edge detection method to obtain the first arrival time of the source. The proposed method can simultaneously
consider the overall temporal and spatial characteristics of spatio-temporal 2D data and improve the accuracy of low signal-
to-noise ratio signal of first arrival time pickup. Results show that for low signal-to-noise ratio signals affected by
interference and system noise, the average error for pickup arrival time does not exceed 3 ms, pickup accuracy is higher
than that of the traditional method; the algorithm takes only 0. 1 s on average, and pickup time consumption is low.

Key words distributed acoustic sensing; vibration source; edge detection; bilateral filtering; arrival time pickup
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Fig. 1 Schematic of the model of the DAS system monitoring

the vibration source and signal waveform of the vibration

source. (a) Monitoring model; (b) signal waveform of

the vibration source

G0 MR S R R A A0 3 LT IR A
PR RIR 5] K M2 U, b 5% IR A R A A%
& W TS A T T TR A5 R B AN TR R R
R b 752 PO B 58 &AL R S BT R [Rl . DAS R4
W E) R VR A S on B IR A 1(b) B, Hoy 2= i
2 35 ) PSR AU LR e R

DAS £ 4 >R 4 1 5% U5 I 25 = 4k 50856 o] DL 4L Al AR
B B LA R BT R, R B AR
i DAS 2 41 25 8] 43 HE R AL BOG 45 K B P ,DAS
2G5 R SR B B ) B K N = £ g, o e ok B
[E], /. DAS REURFEF . L1 DASIE M 4N

z(1,1) x(1,2) z(1,L)
Koo |7ED 222 2D
(N, 1) 2(N,2) (N, L)

(4, ) B jAS S5 2 A% ST KRR 2 4 Ik 2045 5 1)
RIERS

B 31 B0 B R0 v 3 K080 2 ) 2R A7 0 — Ak
LB /N W

X(N,j
X\(N,j)= V<7]) , (2)
max | X (7.))|
Ko X (N, ) Jo 55 it 56 B s X (N ) 2 it ) —
A5 5 3 Hdl

e DAS F G0 R AR 19 52 IAE 5 09— Ak 508 222 i il
AR L A 2Ca) BT P 2(b) SO [E)4F MR L R B E
ERcE

o PR A) 2 10 B A BT 1) 45 BB 7AS T e 5 E 4% AR B

0906006-2



Amplitude !a.rb.l uﬁﬂm (b)

F61EF9IH/2024 £5 B/BAEEFZHE

—

S
£ T —
-
os £ O lter—
- 5 8 arrival time
0.6 -1
0 05 1.0 15 2.0
Time /s
04 oo
%g S/N=10.1 dB
0.2 % ;_‘0 —— ||‘| Jnfw M e
5 El ‘ —arrival time
-1
20 40 60 80 100 ° 0 2.0
Distance /m Tlme /s

K2 DASZGERAEMREE S E (O RNE S " 4EE 5 (b) A A58 L FE 55 14

Fig. 2 Signal of the vibration source acquired by the DAS system. (a) Two-dimensional diagram of the vibration signals;

(b) single-channel signal diagram with different signal-to-noise ratios
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Fig. 3 Schematic diagram of edge detection extraction of arrival time. ( ) Grayscale map after bilateral filtering; (b) extracted edge

features map; (c) arrival time curve binary map
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