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Abstract

As the most natural and core medium for human information exchange, high-precision and robust
speech perception technology is essential for the advancement of human-machine interaction and
intelligent healthcare. Traditional electroacoustic sensors face inherent limitations in complex elec-
tromagnetic environments, biocompatibility, and flexible integration. Micro-nano fibers (MNFs),
characterized by their strong evanescent field effects at the sub-wavelength scale, high mechanical
flexibility, and intrinsic immunity to electromagnetic interference, have emerged as a prominent re-
search focus for constructing highly sensitive acoustic sensing platforms. This paper systematically
reviews the research progress of MNF-based sensors for acoustic sensing and recognition. First, the
sensing mechanisms and foundational applications of MNFs in tiny vibration and human physiolog-
ical signal monitoring are elaborated. Subsequently, the exploratory achievements in acoustic sig-
nal detection and speech recognition are summarized, with a detailed analysis of signal processing
algorithms and machine learning models tailored to the nonlinear characteristics of optical fiber sig-
nals, aiming to reveal the transformation logic from physical measurement to semantic recognition.
Addressing engineering applications, this paper further analyzes the scaling potential of various fab-
rication processes and the modulation effects of packaging materials on acoustic response character-
istics. Finally, through multi-dimensional comparisons with mature electroacoustic systems, the en-
gineering bottlenecks of fiber-optic acoustic systems in terms of cost, size, and power consumption
are objectively analyzed. Future evolutionary directions, such as miniaturizing and cost-reducing de-
modulation systems via Photonic Integrated Circuits (PIC), are proposed to provide a reference for
developing high-performance fiber-optic acoustic interaction systems.
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Figure 1. Z-direction Poynting vectors of silica MNFs at 633 nm wavelength with diameters of (a) 800 nm, (B) 400 nm, and
(¢) 200 nm in 3D view, and (d) 800 nm, (e) 400 nm, (f) 300 nm, (g) 200 nm in 2D view [16]

B 1. ZSRERANATE 633 nm KK T Z SEKENERE: ZHAAEFEEZEH(2) 800 nm. (b) 400 nm FA(c) 200
nm; ZHEMEHEZH() 800 nm. (e) 400 nm. (f) 300 nm F(g) 200 nm [16]
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Figure 2. (a) The multilayer structures with stiffness contrast in the sensor mimics the epidermis and dermis, and the parallel-
ridge patterns of the sensor is similar to the fingerprint, and the optical microfiber detects tactile stimuli analogous to the
sensory receptors [17]. (b) Schematic diagram of a strain sensor structure [18]. (c) Wearable sensor based on a HPMKR [19].
(d) Schematic of UCMI [20]. (e) Structure of flexible microfiber coupler sensor [21]. (f) Chematic diagram of the temperature
sensor [22]
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Figure 3. (a) The optical response of the picobalance to the loading of PMMA microparticle [25]. (b) Response of a suspended

SLWOS to water droplets with different weights [26]. (¢) Schematic illustration of texture recognition by sliding the sensor
over a grating [28]
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Figure 4. (a) Monitoring a volunteer’s pulse signals at various body sites: finger, neck, wrist, and ankle [21]. (b) (Left) Pulse
test on the chest and the original signal collected from the WPOMEF sensor; (middle) respiratory signal obtained by the Fourier
transform; (right) heartbeat signal obtained by Fourier transform [30]. (c) Schematic of respiration sensing [31]. (d) Schematic
diagram of the blood pressure monitoring [33]
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Figure 5. (a) Schematic diagram of the experimental setup for sound detection and the device response to a metronome at
three different volumes (25%, 50%, and 70%) [18]. (b) Frequency division multiplexing mechanism based on the proposed
strain senso [21]. (¢) The diagram of ultrasound detection system and time response of the sensor to an ultrasound pulse [36]
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Figure 6. (a) Bioinspired design of an MOA [38]. (b) Schematic of the experimental setup for acoustic signal measurement [39]
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Figure 7. (a) Test for vocal cord speech signal [40]. (b) Monitoring the tiny epidermis and muscle movement during speech for pho-
nation recognition [21]. (c) Various voice patterns recorded by the MNF-enabled airflow sensor [41]. (d) Response of a suspended
SLWOS to acoustic vibrations from human voice [26]. (¢) Normalized response waveforms of eight different words were recorded

using the fiber-optic sensor [39]
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3.3 W RGN I SRR, RIS 5 R RGN Z4ENT L, R MR AR G ZE R

Wang %5 N[4018F 78 1 —FlH T A w7 IR 2015 5 IR0 S BLEE M TN 41 2t v] 28 3k o5, FIAZ %
XF LSRR BRG] R AT TR . 1 7(a) IR TSR0 B G DL o3 S BRI B ] 1) o )
2, JFEH) YOLOVS VR B2 SRR s IS B 17X 26 NIESC7BERT 4 AN F S iR, TERR 00N
96.8%F1 97.75%. Wang %5 A [21 44 GG LT Rl 4% ] e 76 B2 B0, DA I R 25 i A% v /N 2 B2 AL
Wiz, il 7(b), LRSI UMM X AR R R EES, HEA RIFMATEL M. Zhang A
[411%0F 7 —Fhi¥ PDMS B8 2454, IHRABERA 600 nm [1) U BURGNELT, FIR iZ45 A AT LLIE
SOV AL B RGE T, 8] TR AE SR . W 7(0) TR, K AR A A A FL T A, @
X U1 I RS AR AR, AT DU AN [R] A 3005 A 25 AT [X 43 o Zhang 58 N [26]HI4E 7 — b = 28 5 ik
ARG AL KRS, AR KA AT LLSZEL 20 kHz [ m ARSI N, Wi B2 (R 3] 100 ps,  EXE 2SS,
DL R SR R I B s R, AT R TR R SRR R S A S S, B 7(d). Yu ZFA[39]
FHTUEA A AR SR8 5 BA) R 5 F5AE 5 3AT TR . 18 7(e) 7R T B G EF AR IR 10 S )\ A [ B 1]
A — LM ST, i) BB R RR IRV . B A UR 2 S B, SEIL T AN IR B 97% IR B HE R
2 Wang 55 N [301RF I 5 -G A N sl A JER 248 (1] 5 76 M , e il S e e S AL A WUARIR 30145 5 04T 15 25 Al
e G — BRI N 28 S T XA R BT IR 23 281800, IRAIHERR %N 89%. R FuAE Mgt 4F
FEIRARTESIR IR . R 2 Ik S5 40Uk 2L A ) Il 1) I FH T 5%

NT B E WLV S R G5 A TN 6 LT AR B AE P BN U I 25 B R I, 38 1 XSO 4R K I G BT
FURCRBEAT T HRUEAGI G, I GEFEXT L T A% B 1 7 2 A% TR B

Table 1. Comprehensive performance comparison of typical micro-nano fiber acoustic sensors
F 1. BEHRAAEFREFEREEEIIHT

IR E 20| FE A3 T O PEREFR bR L ANTAZEEZ7E =

VAR ANCLT RS R IE & RH] PDMS YRR E I RE)E: 102 kPal; ARSI A

18] AMEME N . 30 kHz PR JK A D

S A e gisy LMEe s M U 2 FRERBIAER R 96.8%:; RS T

[40] BRI MR 97.75% . 1EE R

PiERM e R3] MUMGEIRME S ZhReMER AWM 7 WRNAHFTE: 10 Hz~10 LR TE 22
MHz; S %. 0.01 Hz KSR

B A eLr[20] MR REE AR Bt ISR ik M S EFA]: 10 pss MR AR 55 75 AR
PRamIN _FRR: 20 kHz PNGZRE MI 5

WL R AL JRE S PDMS i ) 2 BRI RN R s 89%; BREEIT RS, B

[30] AL ZR WP 2R () 255 e ) HiRAXH

UGN A6 IR AR FUAE SRR AR B B S0 U7 T A SRe R 3, ELZ R A TE & R, (H5 e
FEL 7S T U RGO LTI PE DL R 4EEAPAE 2200 1) R UUINMTES E S . Lin S N [42]8F 58 17— H T 1550
B AR S, 454 T-SNE &9, SR8l 70 B s KA AR, #EmfZRIA 5] 99.8%.
FHEZ R, BUA AN E S R R 2 5 R TR/ 8B B BREE 2 AR, v A DL AT 8
HIRAMTE S I RGMEAR R . 2) REEEFEMEIRAE . Liu 25 A [42 845 2% 50 F 22 R E T AR RS R [H2D
KREEEEE, 0 SUB BTG 5 50 UE L B P e e . &N s R EoR, 2w XAE 85 dB B
PRI T ORI o NS FIE R, A B fan il 45 SR 5 e § A (40 dB) I 3E A —2 . Dinh Le %5 A\ [43]
FF 1) P s BEL XA s 1 2 R 0 R o A IR R B 2R B B AR FEAE 90% A b, Z820iE B T Hht T4k
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PERE . T T TN G2 75 A5 B A0 40 K 220 B0 S0 00 & 2 A I N kAT, JLAE S s 37 e b TR
FIMARIG R LIGIGIUE . 3) Viih NS IRAILERE o Jin 258 N [44180 0 7 —Fh 32k B & 8 R 1 Sk I s s 2
FERRS, SARTNR A A (GMM)SZIL T XA 40 MASFEEE A 5 H0E 100 2115, #ERf 2RIk 5
95.3%. Chen %5 N[45]52tH T — P2 T MXene/MoS, FIEIRANG EEE I EZ R A6, Wit IR AT
HLEE 5 ST N TARZ 25 (ANN),  SEBIL T 280 (0 1 16 A TR AT 28.(99.1%) o SR, TN R 4T A4 AR TE T
Tt N B 3 VU3 7 THT A 1 AR BEAT IR AN 2

3.4. HEEFRAINESAEBENRFEISFZE

T R RO AE T MO L I RS 5 R IR 108 SURFTE . R0 A 6 4118 &5 Bt 9 IR &
PN TGS AR “APAEMRRR ” R AR[ 1] AR50 H 75 2R 40 20 MU /R AR 5] 1 SR B (MFCC)
a2 M T3] 1S R ZU(LPCO)SRABL RN ST 5 ST X SRRt o SR, TN Y 4T A% T2 T LR 1 6
YGRS, A6 0 OGERAE S A R It 2 ) AR 2 e LR 1 (R AT 1 A R [39], I SR i vy BV
WA R IE SR SREAMERE ) .

BEXI NG EAE 5 IR AR E, B8 THIR IR 2 e WAL I AR S [42]. — 5T, AR I A 2845 5 1)
M W) S A7 A1 A 5 () RCRFALE 45 6 R IR L PR 8 (ST T) SR B I IR BB AL 11, BB A7 ORI S
W25 R =S 5 RFE[30], IRTHE S HEIRE . 55— 51, BTN 6 41 70 4% e I IR AL I e R
BE, ER TR T IALE B R 2 X 25 (CNN) B AT JIC 12 M 45(LSTM), - 7] LA H 3 s O B Am s 1 1
SCRFAE o 3 7 i B i AR OR BE 5 IR, 3 5| N B 48 5 110 T Ak B B0 (U B T T B 8B R AR B 1 A M),
TR AT AL F Jm PR 32 1) B A PR B I 4 5 PRl R O B I8 4

N T 5 B PEA AS [F] S5 M TN G AT AR RS AE AR 2R R IR I 2R 5 R I, T 0 SO B A I B
FEARIAT 7RIS o XTLCAERER e 7B gh iy B T2, B VR RE R br (R . AR |
TRHERA 22 DL R BAA (R 0
4. TRUMBESE/MBE
4.1. FIETZHAH R

H AT LT SR A IR R ) £, BRE SR AR B e 1) 3R TR D 3ol B R 3G iR ARy, R HAE KA & AR
= LR — SRS 2 PR SO B ) =B S. AHEEZ N, MRFEARENNRIETZ, 46
P UL AR LI B, SEPET LT B TR AP ok, Uhah, ESTARMELL PR BE VPN
&R, BRAEHLRZ A RS S e tE B S SR —, R E A T R S kA (117
42. EHEHREEFIERERS

FREANGR R UL G2 R T 00 B R, TR YR P 2 R OCBA  . WF R, did
AU N AR Bz JIR P 25 20 435 K (AN 3 B2 5 0 R R I 22 e ) iR AT PR 2, R DU 200 A S 0 1l Lk AR
HERAIRE/I[17]. BLAh, RGHBTE S DRI SV (I0 PDMS. SRR i) Sz L las f e xof 75 2 BE
JE -~ AR B (RS, 0T A THT ) 455 S A 6 31 ] (A v AR 75 BRI IS ) I 8 il A5 s R B R
= X[10].

4.3. AIFEHE THESERS

FESERRiE B RED Sh, Bl AR AR L AL R I (R KBk T A B AT
PP AR A SRS A, 9 Qe 7 26 1 95 i R T B0 S ) 0 SRR LT, AT DL B BT R G R A MR 75 I 5%
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R R [43]. RN, HOTKIIR RV RE . WUROR 7 73 fiy LR AE 30 735 57 I RE 1 SE IR AR
AEPIIL, S SEBL R REL AT & 5 B4 0 AR F A% O 55

5. RESRE

LZREPTE, WA P AR RS AR SR AT VUBR M SRS PR DL R v it 25 B 5 T e B 17 R AR
Gixe DLELAO RO B 3 . SR, A REN Y f0 A B L AL, % BOR S ZESE BN SR S REAL 0V 3 T
BN S, AT e IR R G ™ IR B

HERARGR MG A T B R AR MEMS LA 2250 ), H AT Y
AR R AR G LR R M RE AR AR TEWOLIR . R B AR I 5% B v T M R AR, I i i A %
HAUEA R, HARBPER DIFERE, 3 LA A2 58 3h 28 dimx JRUOK 0 RT ANE TLAS HLEh AR X ™67 22
Ry HRRESROETE SR EMED . REWEEPPBRHEIIN I P a2 IR RS UL AT o7 337 5t
B AR DNRE, WG AR T s, S8R S HERLER.

BEXT EIRRA, AR FEN LA LERE D RIHERE: 1) SR B (PIC)fL : A 3RO 127 B AL
W(IPYERT &, FEOCH. TR G 4 AR S8R AL T T 2K Fr b IXANGE SEELR I &
GNRAL . AR IR O AR, RS TT RGURR Y AL RIEHE . 2) WZIHE SR REL iR TTRE
FEPANIC 2T AR MR B AR A AP 22 AR T, 1 T SEBLAS 5 PR B 538 3h D S 4], B fioxt o s it
HRIERA. 3) ZRUSFEE: BITS5EGEH RGBS, RIZERST R IRA S T
TEEIAE L e PR I DA SR P S SRR A R A U, 8 A AR 2 4 5 KB AR B AL 3

Wt RS IA SR BREARBITIN, TAIICET P A AT B AR B A LA 2 R s A T B AR

fir .
EETH

2025 4L T RHE T I E AT NP R R T ROG AT A R L (R E S A
20250328).
S5

[1] Zhang, Q. and Tong, K. (2023) Vocal Cord Vibration Signal Recognition Model Based on Feature Engineering Prepro-
cessing. IEEE Sensors Journal, 23, 31380-31388. https://doi.org/10.1109/jsen.2023.3321987

[2] Xu,H.Lv,Y.,Qiu,D., Zhou, Y., Zeng, H. and Chu, Y. (2019) An Ultra-Stretchable, Highly Sensitive and Biocompatible
Capacitive Strain Sensor from an Ionic Nanocomposite for On-Skin Monitoring. Nanoscale, 11, 1570-1578.
https://doi.org/10.1039/c8nr08589¢

[31 Zhu, Y., Zhou, R., Yao, Y., Su, S., Wang, Z. and Yan, H. (2022) Fabrication of Robust Convex Array Microstructured
PDMS-Based Capacitance Sensor Molded by Laser Patterned Silicon for Human-Being Acoustic Monitoring. Materials
Technology, 37, 2011-2021. https://doi.org/10.1080/10667857.2022.2031491

[4] Lee, S., Roh, H., Kim, J., Chung, S., Seo, D., Moon, W., et al. (2022) An Electret-Powered Skin-Attachable Auditory
Sensor That Functions in Harsh Acoustic Environments. Advanced Materials, 34, Article ID: 2205537.
https://doi.org/10.1002/adma.202205537

[5] Gong, S., Yap, L.W., Zhu, Y., Zhu, B., Wang, Y., Ling, Y., ef al. (2020) A Soft Resistive Acoustic Sensor Based on
Suspended Standing Nanowire Membranes with Point Crack Design. Advanced Functional Materials, 30, Article ID:
1910717. https://doi.org/10.1002/adfm.201910717

[6] Kang, D., Pikhitsa, P.V., Choi, Y.W., Lee, C., Shin, S.S., Piao, L., et al. (2014) Ultrasensitive Mechanical Crack-Based
Sensor Inspired by the Spider Sensory System. Nature, 516, 222-226. https://doi.org/10.1038/nature14002

[7] Wang, H.S., Hong, S.K., Han, J.H., Jung, Y.H., Jeong, H.K., Im, T.H., ez a/. (2021) Biomimetic and Flexible Piezoelec-
tric Mobile Acoustic Sensors with Multiresonant Ultrathin Structures for Machine Learning Biometrics. Science Ad-
vances, 7, eabe5683. https://doi.org/10.1126/sciadv.abe5683

DOI: 10.12677/app.2026.164031 346 I EEY/BEH


https://doi.org/10.12677/app.2026.164031
https://doi.org/10.1109/jsen.2023.3321987
https://doi.org/10.1039/c8nr08589g
https://doi.org/10.1080/10667857.2022.2031491
https://doi.org/10.1002/adma.202205537
https://doi.org/10.1002/adfm.201910717
https://doi.org/10.1038/nature14002
https://doi.org/10.1126/sciadv.abe5683

it &

(9]

[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Swansborough-Aston, W.A., Soltan, A., Coulson, B., Pratt, A., Chechik, V. and Douthwaite, R.E. (2023) Efficient Pho-
toelectrochemical Kolbe C-C Coupling at BiVOa Electrodes under Visible Light Irradiation. Green Chemistry, 25, 1067-
1077. https://doi.org/10.1039/d2gc04423d

Xu, C., Chen, J., Zhu, Z., Liu, M., Lan, R., Chen, X., et al. (2024) Flexible Pressure Sensors in Human-Machine Interface
Applications. Small, 20, Article ID: 2306655. https://doi.org/10.1002/smll.202306655

Zhang, L., Zhen, Y. and Tong, L. (2024) Optical Micro/Nanofiber Enabled Tactile Sensors and Soft Actuators: A Review.
Opto-Electronic Science, 3, Article ID: 240005. https://doi.org/10.29026/0es.2024.240005

BRI, AN HoAR: i IRt R[], Yae2edk, 2022, 42(17): 108-120.

TaRG, DN, R, AR, R, BE, IR, ARE, ST, BT RO R A I SR A A A A A
RASTEIL[T]. SLAEAEIR, 2023, 43(21): 67-77.

Jha, R., Mishra, P. and Kumar, S. (2024) Advancements in Optical Fiber-Based Wearable Sensors for Smart Health
Monitoring. Biosensors and Bioelectronics, 254, Article ID: 116232. https://doi.org/10.1016/j.bi0s.2024.116232

Guan, B.-O., Tam, H.-Y., Lau, S.-T. and Chan, H.L.W. (2005) Ultrasonic Hydrophone Based on Distributed Bragg
Reflector Fiber Laser. IEEE Photonics Technology Letters, 17, 169-171. https://doi.org/10.1109/1pt.2004.838141

Qiao, X.-G., Shao, Z.-H., Bao, W.-J. and Rong, Q.-Z. (2017) Fiber-Optic Ultrasonic Sensors and Applications. Acta
Physica Sinica, 66, Article ID: 074205. https://doi.org/10.7498/aps.66.074205

Wu, X. and Tong, L. (2013) Optical Microfibers and Nanofibers. Nanophotonics, 2, 407-428.
https://doi.org/10.1515/mnanoph-2013-0033

Jiang, C., Zhang, Z., Pan, J., Wang, Y., Zhang, L. and Tong, L. (2021) Finger-Skin-Inspired Flexible Optical Sensor for
Force Sensing and Slip Detection in Robotic Grasping. Advanced Materials Technologies, 6, Article ID: 2100285.
https://doi.org/10.1002/admt.202100285

Yu, W., Yao, N, Pan, J., Fang, W., Li, X., Tong, L., ef al. (2022) Highly Sensitive and Fast Response Strain Sensor
Based on Evanescently Coupled Micro/Nanofibers. Opto-Electronic Advances, 5, Article ID: 210101.
https://doi.org/10.29026/0ea.2022.210101

Li, J., Chen, J. and Xu, F. (2018) Sensitive and Wearable Optical Microfiber Sensor for Human Health Monitoring.
Advanced Materials Technologies, 3, Article ID: 1800296. https://doi.org/10.1002/admt.201800296

Mishra, P., Kumar, H., Sahu, S. and Jha, R. (2023) Flexible and Wearable Optical System Based on U-Shaped Cascaded
Microfiber Interferometer. Advanced Materials Technologies, 8, Article ID: 2200661.
https://doi.org/10.1002/admt.202200661

Wang, X., Zhou, H., Chen, M., He, Y., Zhang, Z., Gan, J., et al. (2023) Highly Sensitive Strain Sensor Based on Micro-
fiber Coupler for Wearable Photonics Healthcare. Advanced Intelligent Systems, 5, Article ID: 2200344.
https://doi.org/10.1002/aisy.202200344

Song, X., Wang, Q., Liu, Q., Yu, L., Wang, S., Yao, N., et al. (2023) Twisted Optical Micro/Nanofibers Enabled Detec-
tion of Subtle Temperature Variation. ACS Applied Materials & Interfaces, 15,47177-47183.
https://doi.org/10.1021/acsami.3c07831

Ge, Q., Zhou, T., Gong, T., Liang, Y., Augustine Ngiejungbwen, L. and Chen, M. (2023) Highly Sensitive Measurement
of Finger Joint Angle Based on a Double-U Tapered POF Embedded in PDMS Film. Optical Fiber Technology, 76,
Article ID: 103236. https://doi.org/10.1016/j.yofte.2023.103236

Yuan, Z., Fang, H., Xie, Y., Zhang, J., Liu, K., Guo, X., ef al. (2024) Variable Optical Attenuator Based on a PDMS-
Embedded Microfiber Coupler. IEEE Photonics Technology Letters, 36, 449-452.
https://doi.org/10.1109/1pt.2024.3367035

Yu, W., Zhu, J., Xu, Y., Tu, X, Tong, Y., Xie, Y., et al. (2024) Optical Nanofiber-Enabled Self-Detection Picobalance.
ACS Photonics, 11, 2316-2323. https://doi.org/10.1021/acsphotonics.4¢00216

Zhang, L., Pan, J., Zhang, Z., Wu, H., Yao, N., Cai, D, et al. (2020) Ultrasensitive Skin-Like Wearable Optical Sensors
Based on Glass Micro/nanofibers. Opto-Electronic Advances, 3, Article ID: 190022.
https://doi.org/10.29026/0e2a.2020.190022

Tang, Y., Liu, H., Pan, J., Zhang, Z., Xu, Y., Yao, N., ez al. (2021) Optical Micro/Nanofiber-Enabled Compact Tactile
Sensor for Hardness Discrimination. ACS Applied Materials & Interfaces, 13, 4560-4566.
https://doi.org/10.1021/acsami.0¢20392

Xie, Y., Pan, J., Yu, L., Fang, H., Yu, S., Zhou, N., ef al. (2024) Optical Micro/Nanofiber Enabled Multiaxial Force
Sensor for Tactile Visualization and Human-Machine Interface. Advanced Science, 11, Article ID: 2404343,
https://doi.org/10.1002/advs.202404343

Tang, Y., Yu, L., Pan, J., Yao, N., Geng, W., Li, X., et al. (2023) Optical Nanofiber Skins for Multifunctional Humanoid

DOI: 10.12677/app.2026.164031 347 I EEY/BEH


https://doi.org/10.12677/app.2026.164031
https://doi.org/10.1039/d2gc04423d
https://doi.org/10.1002/smll.202306655
https://doi.org/10.29026/oes.2024.240005
https://doi.org/10.1016/j.bios.2024.116232
https://doi.org/10.1109/lpt.2004.838141
https://doi.org/10.7498/aps.66.074205
https://doi.org/10.1515/nanoph-2013-0033
https://doi.org/10.1002/admt.202100285
https://doi.org/10.29026/oea.2022.210101
https://doi.org/10.1002/admt.201800296
https://doi.org/10.1002/admt.202200661
https://doi.org/10.1002/aisy.202200344
https://doi.org/10.1021/acsami.3c07831
https://doi.org/10.1016/j.yofte.2023.103236
https://doi.org/10.1109/lpt.2024.3367035
https://doi.org/10.1021/acsphotonics.4c00216
https://doi.org/10.29026/oea.2020.190022
https://doi.org/10.1021/acsami.0c20392
https://doi.org/10.1002/advs.202404343

it &

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Tactility. Advanced Intelligent Systems, 5, Article ID: 2200203. https://doi.org/10.1002/aisy.202200203

Wang, Z., Chen, Z., Ma, L., Wang, Q., Wang, H., Leal-Junior, A., et al. (2024) Optical Microfiber Intelligent Sensor:
Wearable Cardiorespiratory and Behavior Monitoring with a Flexible Wave-Shaped Polymer Optical Microfiber. ACS
Applied Materials & Interfaces, 16, 8333-8345. https://doi.org/10.1021/acsami.3c16165

Liu, H., Song, X., Wang, X., Wang, S., Yao, N., Li, X., e al. (2022) Optical Microfibers for Sensing Proximity and
Contact in Human-Machine Interfaces. ACS Applied Materials & Interfaces, 14, 14447-14454.
https://doi.org/10.1021/acsami.1c23716

Pan, J., Zhang, Z., Jiang, C., Zhang, L. and Tong, L. (2020) A Multifunctional Skin-Like Wearable Optical Sensor Based
on an Optical Micro-/Nanofibre. Nanoscale, 12, 17538-17544. https://doi.org/10.1039/d0nr03446k

Zhu, H., Zhan, L., Dai, Q., Xu, B., Chen, Y., Lu, Y., et al. (2021) Self-Assembled Wavy Optical Microfiber for Stretch-
able Wearable Sensor. Advanced Optical Materials, 9, Article ID: 2002206. https://doi.org/10.1002/adom.202002206
Guo, Y., Wang, W., Shi, G., Wu, J., Sun, D. and Ma, J. (2025) Optical Smart Wearable Sensor: Pulse Waveform and
Pulse Rate Monitoring with a Flexible Loop Optic-Microfiber. Journal of Lightwave Technology, 43, 1462-1468.
https://doi.org/10.1109/j1t.2024.3473944

Yao, N., Wang, X., Ma, S., Song, X., Wang, S., Shi, Z., ef al. (2022) Single Optical Microfiber Enabled Tactile Sensor
for Simultaneous Temperature and Pressure Measurement. Photonics Research, 10, Article No. 2040.
https://doi.org/10.1364/prj.461182

Yang, L., Li, Y., Fang, F., Li, L., Yan, Z., Zhang, L., et al. (2022) Highly Sensitive and Miniature Microfiber-Based
Ultrasound Sensor for Photoacoustic Tomography. Opto-Electronic Advances, 5, Article ID: 200076.
https://doi.org/10.29026/0ea.2022.200076

Chen, R., Fernando, G.F., Butler, T. and Badcock, R.A. (2004) A Novel Ultrasound Fibre Optic Sensor Based on a
Fused-Tapered Optical Fibre Coupler. Measurement Science and Technology, 15, 1490-1495.
https://doi.org/10.1088/0957-0233/15/8/010

Tu, X., Qian, C., Feng, T., Zhen, Y., Cui, B., Li, T., ef al. (2025) Insect-Inspired Micro-Optical Antenna Enables Ultra-
sensitive Multisensory Perception. Science Advances, 11, eaec4252. https://doi.org/10.1126/sciadv.aec4252

Yu, Y., Tian, N., Wang, Z., Gan, X., Luo, J. and Xiao, T. (2025) Ultrasensitive Fiber-Optic Sensor for AI-Enhanced
Voice Recognition and 360° Acoustic Detection. /EEE Sensors Journal, 25, 19302-19307.
https://doi.org/10.1109/jsen.2025.3560745

TR, wik, FE, B, BER, DK, Rl 455, BT S BMAEA 1S RS LGS B BRI
BIFFI]. T353R, 2025, 54(5): 28-39.

Zhang, Z., Kang, Y., Yao, N., Pan, J., Yu, W., Tang, Y., ef al. (2021) A Multifunctional Airflow Sensor Enabled by
Optical Micro/Nanofiber. Advanced Fiber Materials, 3, 359-367. https://doi.org/10.1007/s42765-021-00097-5

Liu, T., Zhang, M., Li, Z., Dou, H., Zhang, W., Yang, J., et al. (2025) Machine Learning-Assisted Wearable Sensing
Systems for Speech Recognition and Interaction. Nature Communications, 16, Article No. 2363.
https://doi.org/10.1038/s41467-025-57629-5

Dinh Le, T., An, J., Huang, Y., Vo, Q., Boonruangkan, J., Tran, T., et al. (2019) Ultrasensitive Anti-Interference Voice
Recognition by Bio-Inspired Skin-Attachable Self-Cleaning Acoustic Sensors. ACS Nano, 13, 13293-13303.
https://doi.org/10.1021/acsnan0.9b06354

Jin, B., Cao, H., Sheng, T., Gong, Z., Dong, Z., Gai, Y., et al. (2025) Flexible Hair-Like Piezoelectric Acoustic Particle
Velocity Sensor with Enhanced Sensitivity for Speaker Recognition. Advanced Functional Materials, 35, Article 1D:
2417164. https://doi.org/10.1002/adfm.202417164

Chen, J.,, Li, L., Ran, W., Chen, D., Wang, L. and Shen, G. (2023) An Intelligent MXene/MoS2 Acoustic Sensor with
High Accuracy for Mechano-Acoustic Recognition. Nano Research, 16, 3180-3187.
https://doi.org/10.1007/s12274-022-4973-3

DOI: 10.12677/app.2026.164031 348 I EEY/BEH


https://doi.org/10.12677/app.2026.164031
https://doi.org/10.1002/aisy.202200203
https://doi.org/10.1021/acsami.3c16165
https://doi.org/10.1021/acsami.1c23716
https://doi.org/10.1039/d0nr03446k
https://doi.org/10.1002/adom.202002206
https://doi.org/10.1109/jlt.2024.3473944
https://doi.org/10.1364/prj.461182
https://doi.org/10.29026/oea.2022.200076
https://doi.org/10.1088/0957-0233/15/8/010
https://doi.org/10.1126/sciadv.aec4252
https://doi.org/10.1109/jsen.2025.3560745
https://doi.org/10.1007/s42765-021-00097-5
https://doi.org/10.1038/s41467-025-57629-5
https://doi.org/10.1021/acsnano.9b06354
https://doi.org/10.1002/adfm.202417164
https://doi.org/10.1007/s12274-022-4973-3

	面向声学感知与识别的微纳光纤传感器研究进展
	摘  要
	关键词
	Research Progress on Micro-Nano Fiber Optic Sensors for Acoustic Sensing and Recognition
	Abstract
	Keywords
	1. 引言
	2. 传感原理与结构设计
	2.1. 微纳光纤传感原理
	2.2. 微纳光纤传感器结构

	3. 微纳光纤传感器在信号检测中的应用
	3.1. 触觉微小振动感知与人体微弱生理信号检测
	3.2. 声音信号检测
	3.3. 语音识别应用
	3.4. 面向语音识别的信号处理与机器学习方法

	4. 工程化应用与集成挑战
	4.1. 制备工艺的可扩展性
	4.2. 封装材料与声学性能调制
	4.3. 可穿戴环境下的信号解耦

	5. 总结与展望
	基金项目
	参考文献

