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W OE SHAXFFERBERETRASTH @A % Abstract Distributed  Acoustic  Sensing  ( DAS )
SHEARE AT SN R E 0 K R B A L AT SN Rk technology leverages the linear response of Rayleigh
Y PS E Y VS A S S AN e backscattered light in optical fibers to external acoustic
2 ! = L

. . fields, enabling distributed sensing and collection of

EIIRAA A2 R LA R — dh o R A e S
M E AN R E TR T LR KR in seismic exploration. However, conventional straight
EREFHRM. AMRZ—FIA, LRARET —FE optical fibers exhibit sensitivity primarily along the fiber

vibrations. This technology has seen extensive application

Tk R FHE RG> X FFAAERILK(HWC-DAS) , axis, limiting their effectiveness in detecting vertically
R ARE ,]%715 IR AR DT AR, incident seismic waves, thus constraining their use in

surface seismic surveys. To address this limitation, a

) . Helically Wound Cable-Based Distributed Acoustic Sensing
& J . .
Toest XT% ﬁ AR R B A A 8 S AR I (HWC-DAS ) technique has been proposed. In this

T AL Rm, B AT HWC-DAS 3R 54 ok 3 9 5k approach, the fiber is helically wrapped around a
ZZGNT B, AR RRABRIKIE TR deformable  elastic medium, improving directional
Bl REBEFIERL S RGN BN RN £ R sensitivity and enhancing its ability to detect vertically
T AR T B R R A A Xﬁ‘ HWC-DAS ¢4 4z & incident reflections, significantly boosting sensitivity.
BN IR A R A @ A 16 iE HWC-DAS 12 48, K 5 Nevertheless, systematic comparisons between HWC-DAS
TRT & LR G ﬁ\‘%\( M 2 ) Ao df S A g ik B differences in their sensitivity, Signal-to-Noise Ratio
ERGEASFILER, 24746 T HWC-DAS 5443 (SNR), and frequency-dependent responses are not yet
E Mk g—}z,t_}f);’zgi] v B R AR Fe AR v F oy @ ey R L. clearly understood. To fill this knowledge gap, we
B EHHTIHLE R AN HWC-DAS £ R FAHM L&A conducted controlled laboratory experiments, including

FEIL T Aok AR % 9 3R 2 8 B A s 4R R 4e ik shaking table and vibration-sensing tests, to systematically
AT T HWC-DAS Ja k8 50 F o sk B LA £ & & compare the performance of HWC-DAS with conventional
R ARG ABF TN E N K B o i s AR indicate that HWC-DAS exhibits vibration response
T HWC-DAS f& 3 & $h3% F o9 A 2l Ao ST 470, 4 2 = capabilities comparable to those of geophones across
Stk R AR AR T A AR IR 5 AT various frequency bands. Furthermore, vibration-sensing

B Rk g2 Lt #ﬁfiiicéfé’]ﬁbﬁ#aﬁi ALK

and traditional seismic geophones remain sparse, and the

seismic geophones. Results from shaking table experiments
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XEH SHFRXFFHER;E LY BNk B Rk tests demonstrated that HWC-DAS achieves higher
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FESES P63l
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sensitivity and improved SNR compared to single-point
geophones. Our study validates the effectiveness and
feasibility of HWC-DAS for seismic exploration through
laboratory experimentation, laying foundational groundwork
for its practical deployment in industry.

Keywords Distributed acoustic sensing; Helical wound

cable ; Geophone ; Vibration test
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gy A 20 A AL B B R ( Distributed  Acoustic
Sensing , DAS) F| i S £F Hh 4 5 1] iy ) #5285 5 S itk
F18 1 2 0 5 AR A S B X Ah S iR Bl Y 4 A R B
R FEIr R AR T G LT 1AL i 45 S8 — AL 1 5 1
ALK — ARG EF e o 0T 0 A AU A B e
T I X X B AG  A & hnAilE | HES AL DAS K
AL R T Y B RE ), S2 B TC R A2 M, TR 1
18 B8 HAR i T 125 42 A4t A9 )27 717l 7 T AT RE . G
ARk, oA S “E AR REOR (DAS) PRyt i , I 1 1
R RS B 7 0 (PVEE AR, 2022) .
A 20 3 O AT b B I M ( Vertical Seismic
Profile, VSP ) £ R Jt. iy & Hi ( Daley et al., 2013;
Madsen et al., 2013 ; Hartog et al.,2014 ; Parker et al.,
2014 5K #E 45,2023 ) . 5L Ge s 1 AR B g AH L
DAS £ A H 45 5w 19 70 ¥ 58 A8 10 AR BOR (22
EMG4E 2020 4 B 4 ,2022) . [A] i, B A SR T
VSP 75 SR 4R B AF b SUAS , 982 1 T A P R 2
A XK, I 4a 5 T I AR Y o5 R E] . H T, DAS-
VSP #i R B % A 528 = Mk Ak v A ( Daley et al.,2016;
Lesnikov and Allanic, 2014 ;Li et al., 2015; Jiang et
al., 2016 ; Kimura et al., 2018 ; Z=EZ I ,2019).

DAS L) B P E T DAS 3 4% 5 B 6 45 il
1] 7 7% #0UE% ( Kuvshinov, 2016 ; Bakulin et al.,2019) ,
T 0T 4 1) J07 748 AN B0, T 1 1 B s, AR L 0° A
SIS, DAS /P w0 B B 5 T LA 90° AR, DAS
8P W 7 i 22 . Y G ET 3 B A AT i, 2
555 [0 4 3 52 e LA T~ AT 05 1) A G, WAL 2a BOR
PRI - 7 P A1 8 G 2T AT AR o 8 43 e B i £
5 B2 G EF T M T SO R A Y I B I LA
-3 A (I 90°) AGE, W 2b TR, B
BEA WA B AT RO B 5 R, X — A 2 1
DAS 75 Hh 7 52 5% 42 (10 2 .

B2 e % 45 2 R ( Helically Wound Fiber-Optical
Cable, HWC ) i 13 ¥ 56 £F 28 28 i 12 g IR ( Lumens et

al., 2013 ; La Follett et al., 2014 ;Innanen,2017a, b;
Innanen and Eaid, 2018 ; Innanen et al., 2019) ,{# H:
Bl L LR BB A8 AR IBOR B 25 W45 A A E R 5 o
(Poletto et al.,2015 ;Ringstad et al., 2020) , A1l B8
AT SEBXE 22 05 16045 5 19 R O Y (Lim and Sava,
2016 ; # F1F-45,2022) X — S5 F B OGS £
T3 ) A S 0 P AE S O 4 B Y B M. HWC-DAS
HOR O T X8 T A S RS A SR R L R T
T DAS 7 My 52 B 48 a9 N 5 B 7R ORI
Otway M X ) CO, M it 77 i i H b, #8038 T — B K
A HB R W R G 8 o ) F b R A T A | DG B R R
i 4 58 Y 2T v, 45 1 M AR, Ok R MR e B SR £
45 R ) oF A RS R E (Hornman et al., 2013
Hornman, 2017) , 1 B G 48 F W 58 42 R WL 2 39 3,
X—HERRIE TR a A F 2L FER
A S B M 52 U 1Y BE J) (Freifeld et al., 2016
Yavuz et al., 2016). e ob, £ %26 L0 K WT 4 B9 3T
JE B, HW C S5 i K Ol 2F B85 98 28 T 5 T2 72 14 75 1
O b WEHOR TORL Ry i, if — 2P s sm 1
HOR WO WA BT T, HWC By A I R B 2
RIF 2RO A BE R E(ERE S,
2024; Chen et al., 2024 ) , {fi Al 48 U 5458 15 5
QU F ) B e

SR, H AT E NS EE X HWC-DAS 5 1% 48 1l 5%
RO 7 2 N 2R 1R B XS L SE e F A B R 2,
X HWC-DAS 1) 52 B 41 2y i 7Ry 1 | 7 850 RE K £ e
PU A5 S BV RE 2 B IR A S8 00 IR, iR T T
RGN E N R E 58, LB i HWC-DAS 5 1%
29 M R A e A E A [R) 330 BE AN [ 4R 5l 5 B2 4 W) iz
Rt 22 5, A B O AR O S S R DN S U RE ) Oy
T A LA 22 03], DT 52 LX) HW C-DAS 7 AR M BE 1Y
A THEE. X0 T A HWC-DAS AR 138 HIE H
I Bl A 3 52 Bl ROIE T2 (58 7R 5 5 P40 N0 40 4 1Y
PP AR R 2R OCE L A XS bR R, AWE ST R T
HWC-DAS 5 & ¢ 7 6 5 4% 19 % 3 ik 5, 2
15 4 AR 3 & 15 AR Sh B b, IR Sh
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Fig.2 Schematic diagram of seismic wave incidence angles
for (a) downhole reception and (b) surface reception

(adapted from Zhang et al., 2024)
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P-wave response function under plane wave incidence (adapted from Motion Signal Technologies)
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Fig.3 Schematic diagram (a) and physical specimen (b) of distributed helically

wound optical cable, along with nodal geophone (c)
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Table 1 Experimental and processing parameter

settings for HWC-DAS and geophones
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Fig.5 Schematic diagram of vibration sensing test (a) and field deployment configuration (b)
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Fig. 6  Vibration test results at 5 Hz for HWC-DAS and geophones

(a), (c¢), and (e) represent time-domain, frequency-domain, and power spectral density results of HWC-DAS respectively;

(b), (d), and (f) show corresponding results for geophones.
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Fig.7 Vibration test results at 10 Hz for HWC-DAS and geophones

(a), (c),

and (e) represent time-domain, frequency-domain, and power spectral density results of HWC-DAS respectively;

(b), (d), and (f) show corresponding results for geophones.
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Fig.8 Vibration test results at 5 Hz for HWC-DAS and geophones

(a), (c¢), and (e) represent time-domain, frequency-domain, and power spectral density results of HWC-DAS respectively;

(b), (d), and (f) show corresponding results for geophones.
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7S e B R B, A ML R ARG B A R A R BT M RR
H I Ao £ 1 LE WS BAE T HWC-DAS  {HAH 22 A K, fH
RS A LN EL TR S /NS P LY
R U A A 0 I £ R LU SRR B s HWC-DAS {5 1 Y

KLY R Ul B O RS E , 15 R L BE R R F HH AR 4R AE
10 Hz #1 50 Hz {55 M bE m i T 3t 7% A6 i 4% , HWC-
DAS f e AR 2 35 T M R A e A, [ AR L0 T
ENEERIUREEE

F2 AEIRT HWC-DAS FIRIL 5 R K [T L

Table 2 Comparison of signal-to-noise ratio between HWC-DAS and geophones under different working conditions

TR IR 2l B 2 ?ﬁijmuij_ilfz‘ fiwnc-DAS ﬂﬁjﬁi%&ﬁ Fr;"s‘éai%% P
/Hz /(m/s%) MLt/ dB {5 M L /dB i 3./ Ha
1 1 56. 13 59.9 100 —
2 5 2 57.5 31. 68 100 IINEY SR o Ziokil
3 3 57.37 34.09 100 i G 5 A 1 A
4 0.5 58. 17 62. 09 100 —
5 10 1 54.95 63.95 100 —
6 2 56. 14 61.37 100 iy 7R A U 7 AT R
7 0.2 54.96 59.25 125 —
50
8 0.3 54,14 63.32 125 —
9 0.1 44. 45 35.68 100 —
10 0.2 47.17 45.7 100 —
80
11 0.3 46.2 47.59 100 —
12 0.5 34.97 47.55 100 HWC-DAS 1 il
13 0.1 41.1 48.2 150 —
14 100 0.2 46. 46 48.99 150 —
15 0.5 54.37 51.57 150 b 7R A I A R 1R A R
16 0.5 62. 68 22.48 400 g el R
17 150 0.7 65.5 26.59 400 bR A B A A
18 0.9 66. 48 28. 400 HWC-DAS 2 f3 10 71 5 b 58 A6 I8 #5160 701

2.2 IRFIBAMAKWER

FE AR 2l B0 1 50 11 50 Ak 3 v, b 7R D 5 DU
R B m/s; T HWC-DAS ] & (1 )2 )6
A AR AL R rad/s (5 AR R RRELR), =K
ANEA W] L (B2 % ,2023) , X PR Al
HE T TR A IR AT IH — AL . 2 R E
HWC-DAS Z 45 Fl b 72 K6 % #5% 19 SR K 12 4 1) 200 477
225 IR SR RE 51 v 408 5 A SR R A5 1 e ] ) B
320 s, MEAT AR 2 Bt — Stk S50 HE AT T ) X
5%, AR TE B 23 B 11 ) 25

IR L5 R R R e 13 v o &) 13a 3410 %
TRE B Y o RO 50 B . 7E L &I, HWC-DAS R
Yi4E 1000 ~ 2000 R AL 15 F1 4000 ~ 5000 R Af p5 3 [
PIYE I IC SR B T B g N B & A 1T R
QUMWY WS, BN SR M E R
0 2 S8 MR AR, UE W B 7 AT E 27 km FRRROE

LI E FHR 20 em (1E LT , HWC-DAS REHK
SREE ML R BN E 5, om0 B i R 4
JE AT, Hi R A D #4 7E B b R AR R SRR Y
IO X — 22 5o B T b AR G D A 0 S AR A
BEAIG, T3 — )y THI 2 R A 7% R B b R R D A R
SR EARBNN 2 o0 i, LA B S A S AR T
13b SR T & 13a w1 Jy 3 X8k i sy 38 i K 25
1E 5800 ~ 6000 3% £f 5 [X i) HWC-DAS Fl B i Hh 7%
o P A% R T BE Y — Bk {H HWC-DAS Jg 3l T
BN MBI R, AT e R HWC 1) 4
[r] UM 3 8 Y. 1 — 20 L% 6400 ~ 6800 SR AF £ X,
6] T, 7R T E ) ORI R 3, % X Ja) P
HWC-DAS R 48 3R 8t L B 0 b 5% A O 88 o8 3 i 15
g B

XoF 3K A 2H B T R A M Ly B, 25 SR n & 14 i
N, o R 4500 ~ 7700 SR A AHE S R RS RO B,



436 HER Y B 2EE 8 www. progeophys. cn

2026,41(1)

k=]
e
3
2
=)
g
<
0 1 1 1 1
100 120 140 160 180 200
t/ms
50
—a=0.1
—a=0.2
401+ ——a=03
——a=0.5
s
£ 30r
3
=
E- 20
<
10+
O 1 1 1 (C)
79.5 80.0 80.5
JfHz
40
—a=0.1
m —a=02
= 20k ——a=03
= ——a=0.5
g
()]
T
51
2
0]
5
z
o
~

fHz

150

AR A A A T
1) S A SO A A & T T e a=02
H 1 ] . H -
R S O el -
> sof f4 N YN N YT
£ AR ARFAR AN AN
2 oS 1’\‘ { \/
= N 5 " v " Y e
£ YN A Y Y Y
5 oot MOME MMM oMM
[V T Wioon |\'| Wit
A 1 A S B T B O
S TV0) T A A A R N
S VA VA Y R T Y
-150 !\-" "-"l I‘.“ |":'I \'. 1 I‘-" .‘l' ‘-.,'(b)
100 120 140 160 180 200
t/ms
150
| a=0.1
g ----- a=0.2
I a=0.3
N a=0.5
> 100F i
g i
E h
£ -
= i
£

Power Spectral Density/dB

1
0 50 100 150
fHz

K9 HWC-DAS 5246 i 2 80 Hz k3l gh 45 R

(a) () M Ce) 23 2 HWC-DAS I Jaf A5 A B2 By 5 33% 45

L5545 (b) L (d) L) 23 50 Ay R G e 45 T 0 Dy 3 3 2 44 2R

Fig.9 Vibration test results at 80 Hz for HWC-DAS and geophones

(a), (),
(b), (d),

g 14 v B8 S 2R T 7 57700 ~ 8900 SR AR ASCH A
HUE 5B B, B h &g @ S PR . il — 1B
5 RN A ) 32 I TSR R b G b b AR A D A
fEMaEE N 20,72 dB,HWC-DAS (gl kr 4 31. 34 dB.

I LE R Hr B, )45 HWC-DAS R4 5 4
S Hb AR D A E — Bk Oy T R BAE 2, {H HWC-DAS
FE R PP AG B F & B DL AE M Ly T A
A e B s R T, AR 1% 5 T, HWC-DAS
RGN PR R T % G0 Sl R b R R g R E

and (e) represent time-domain, frequency-domain, and power spectral density results of HWC-DAS respectively;

and (f) show corresponding results for geophones.
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Fig. 10 Vibration test results at 100 Hz for HWC-DAS and geophones

(a), (c¢), and (e) represent time-domain, frequency-domain, and power spectral density results of HWC-DAS respectively;

(b), (d), and (f) show corresponding results for geophones.
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Vibration test results at 150 Hz for HWC-DAS and geophones

and (e) represent time-domain, frequency-domain, and power spectral density results of HWC-DAS respectively;

(b), (d), and (f) show corresponding results for geophones.
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The blue line represents HWC-DAS recordings and the red line indicates geophone measurements.
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