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fiber with a length of 283um
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Fig. 2 Distribution of light field before and after collimation
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(a) Schematic diagram of directional experiments (b) Experimental result
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Fig. 11 Schematic diagram and results of acoustic directivity experiment
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1A B 0.99 em, 76 y il F AU B 1.04 em , 5552 PR A7 (50 em, 70 em) 7 #23T .

R T VEAR B B B P R E A B G  E ARE BE I E 9 FEL L TR 16 A TR A AT T AL, E A s
P13 B A T E B P 5L 8 bR 30 O 20 € 8 B, S B i AL s g SR D7 Bk E LR ZE IR 1 RN, AR 1
ATLUE T I Y o Bl 22 e KOS B 2.8 em, y il i 22 B RS A 2.65 em, BRI IE 1% EF P &
B ARG HERTE o T % R G I SR A R O =48 kHz, BE i ZE £ 3H1% 22 24 0.020 8 ms, 7] 45 FHLiE 45 [7] 43

Fx1 FEEMERST

Table 1 Results of sound source location

Experiment Actual location/cm Positioning results/cm Positioning error/cm
number T Yo x y \ T — x \ | v Yo ‘
1 50 50 48.59 48.76 1.41 1.24
2 100 50 97.45 48.86 2.55 1.14
3 150 50 152.69 51.13 2.69 1.13
4 200 50 197.6 49.05 2.40 0.95
5 50 100 51.16 101.60 1.16 1.60
6 100 100 102.8 101.49 2.80 1.49
7 150 100 147.72 99.15 2.28 0.85
8 200 100 197.77 99.01 2.23 0.99
9 50 150 49.01 148.89 0.99 1.11
10 100 150 102.17 152.63 2.17 2.63
11 150 150 148.66 148.80 1.34 1.20
12 200 150 201.76 151.55 1.76 1.55
13 50 200 48.75 197.35 1.25 2.65
14 100 200 101.04 201.58 1.04 1.58
15 150 200 148.82 198.52 1.18 1.48
16 200 200 197.56 197.90 2.44 2.10
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PR dr=v/=0.71 cm, Hrh v FOR 75 & 762 Kb WAL RE 3 B (340 m/s) , AT U 25 1] 43 B 32 08 i SR AR R e
Y, SR AR R R R G A5 (] A B AR, R, AT DL ol 3 R AR ORI M e A B . AT EER] L R 1P g
57,y Ml 22 4 0.85 em , 3T 0.71 em i BE IS A5 (] 43 BE A
W P B 75 8 AL BRI R GE Tk e 5 AL EFPLS FE S E AL R G R PEREHEAT I, ik 2 s o AT UL i
A8 JE AR W ARG I 1) 23 T 91 BT BE 35 2 vh Sk T I g R L2 IR TR R AR R R R G S R
PRASTAR o BEA , AR SC75 A5 &A% K DU 1 S5 /N iT 48300 7 e (Minimum Detectable Power, MDP ) & #8003 i 34
TOCHRL16-17 JFr iR B A 25 5 . SCHBR L 16 ] rb BT A 55 s 1 J5E S 4R o AR AR G B0, BLoR FIAR O i 0 5 v, R 48
MR A% o DRl AR SCRT 3 40 9 6 T AR I 1Y B VE BOGET FP S 75 4% 828 B 91 KA 5 o vk B v RV
TRHIAE A o o 158 25 35/ ik I 22 40 a7 BRI 31 el R S50
FR2 RGMRILER

Table 2 System performance comparison

Maximum

Type  Materials of film SNR MDP . Spatial range Reference
positioning error
EFPI Graphene 37.68 dB@3 kHz 75 pPa/Hz"* 3.55 cm 60 cm X 60 cm [16]
EFPI PET 70.2 dB@4 kHz  68.9 pPa/Hz"* 2.42 cm 90 ¢cm X 90 cm [17]
EFPI Polymer 64 dB@1 kHz 3.45 cm 100 em X 100 ¢cm X 100 cm [19]
EFPI Silver film 62 dB@500 Hz 52.7 pPa/Hz"* 2.80 cm 200 cm X 200 cm This work
3 ik

P — I TR AR A EDCE EFPLAS R IRERFE D o R 38 B A U8 B R X A5 (5 55 R AT A 08 o o B3

PO FH B v 1A SR P 7 R R o PR Rk R T P 3H X PN Y R R % B R IK 185 mV /Pa, 7 500 Hz

BT /NI RS o 52.7 uPa/Hz @500 Hz, {5 Mt R 62 dB. BLAk, 76 75 I8 45 m PES2 56 v, B s it (9

AR AE N [R5 R A ) T ¥ R R AP R PERE . SE0n 45 R R B, 7575 IR B A AL IR M TE (907 .270%) iy 1%

OUT R R AN GRS B 177 mV/Pa, LW 1 A% Jdds 1 51 75 58 A7 B2 0 [ S 905 J50E AL R T o [ 51

fE S B 200 em X 200 cm ¥ Bl 9 0 487 100 75 I8 A7 . R G0E iR 22 e KA 2.8 em, BB 28 (] 43 B3y

0.7 e, UEW] T RGE MY A RV . X ARG R A G5 T 5 8 A0 B2 & AR SE P L, 78 A IR 7 45y T B A

R 08 0V 77
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Design of Self-collimating Fiber FP Cavity and Localization of Sound
Source Based on Silver Film

GUO Yilin', LI Yihao', LUO Binbin', ZOU Xue'?, WU Decao', LI Gongye', CAO Sheng',
SHI Shenghui', ZHAO Mingfu'
(1 Chongqing Key Laboratory optical Fiber Sensor and Photoelectric Detection, Chongqing
University of Technology, Chongqing 400054, China)

(2 School of Communications and Information Engineering, Chongqging University of Posts and Telecommunications,
Chongqing 400065, China)

Abstract: Sound source localization is a pivotal research area within the field of acoustics, finding extensive
applications in domains such as Unmanned Aerial Vehicle (UAV) navigation, intelligent traffic systems,
medical imaging, and structural health monitoring. Traditional sound source localization methods typically
rely on arrays of multiple microphones or sensor networks. Nevertheless, these conventional approaches
are beset by challenges related to complex installation, intricate data processing, and poor resistance to
interference. In recent years, there has been considerable attention directed towards the emerging field of
optical fiber—-based acoustic localization, within which most optical fiber-based detection systems have
employed Fiber Bragg Grating (FBG) sensor arrays due to their wavelength—-based multiplexing
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capabilities. However, FBG sensors exhibit limitations in sensitivity. In contrast, optical fiber Extrinsic
Fabry-Perot Interferometer (EFPI) sensors, with their probe-like structure and advantages in terms of
high sensitivity and structural simplicity, are better suited for sound source localization. In this research
endeavor, we have introduced optical fiber collimators within EFPI sensor arrays to develop a self-
collimating optical fiber—based EFPI acoustic sensor array. The primary objective is to augment the sound
pressure sensitivity and detection range of the sensor array. The designed sensor array exhibits elevated
acoustic sensitivity and an expanded spatial detection range, thus holding immense potential for applications
in sound source localization and the detection of partial discharge phenomena.

Firstly, the optical field distribution of a quarter—pitch—length gradient multimode optical fiber was
verified using Rsoft software. Subsequently, an EFPI (Extrinsic Fabry—Perot Interferometer) acoustic
sensor with a self-collimating optical fiber was designed. To assess whether the proposed sensor exhibits
enhanced sensitivity to sound pressure, it was compared to an EFPI acoustic sensor without the self-
collimating feature. Next, three EFPI acoustic sensors with identical structures and self-collimating optical
fibers were fabricated for sound source localization experiments. Prior to conducting the localization
experiments, the consistency of sound pressure sensitivity and sound source directionality among the three
sensors with self-collimating optical fibers was verified. Subsequent to these preparations, time-delay
signals were acquired using an intensity demodulation technique and recorded on an oscilloscope. The time—
delay signals were processed using conventional cross—correlation algorithms to calculate the time delays
between pairs of sensors. Finally, based on the geometric positions of the sensor array, an estimation of the
approximate sound source location was determined.

The experimental results show that the interference spectrum FSR of EFPI sensor with collimator is
5.25 nm, and the maximum fringe visibility is 14.96 dB. The EFPI sensor without a collimator has a FSR
of 5.18 nm and a maximum fringe visibility of 9 dB. The FSR of them is almost the same, but the
interference spectral intensity of the former is increased by about 6 dB. In addition, the EFPI spectral
slopes were 6.5 dB/nm and 10.2 dB/nm, respectively, without and with collimators, and the spectral
slope of the latter increased nearly twice as much as the former. In the response characteristic experiment
for the single sensor, EFPI acoustic sensor with collimator is superior to EFPI acoustic sensor without
collimator in sound pressure response waveform and sound pressure sensitivity test. EFPI acoustic sensor
with collimator has sound pressure sensitivity of 185 mV/Pa. The minimum detectable sound pressure is
52.7 pPa/Hz"*@500 Hz, and the signal-to-noise ratio reaches 62 dB. In the experiment of sound source
directionality, the designed sensor showed good performance under different sound pressure directionality.
When the sound source was placed directly in front of the sensor, its sound pressure sensitivity reached
185 mV/Pa. When the sound source was set on the side of the sensor (90", 270°) , its sound pressure
sensitivity could still reach 177 mV/Pa. This indicates the ability of the sensor array to achieve sound
source localization within a wide—angle range. In the two-dimensional plane sound source location
experiment, the signal delay in the time domain signal is extracted by the correlation algorithm, and the
two-dimensional plane sound source location within the range of 200 cm X 200 c¢m is finally realized. The
theoretical spatial resolution is 0.71 cm, and the maximum positioning error of the system is no more than
2.8 cm. Finally, the performance comparison with other EFPI acoustic arrays shows that the system has
the advantages of high sensitivity, low production cost, simple demodulation system and large detection
range.

Key words: Fiber acoustic sensor; Fabry—-Perot cavity; Autocollimator; Sound localization; Time
difference of arrival
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