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Abstract : The bending of optical fibers can cause loss, reduce the intensity of sensing signals, in extreme cases,
even lead to the disappearance of sensing signals. Bend—insensitive optical fibers, which are unaffected by bending
loss and maintain excellent sensing performance, have become a research hotspot in the field of distributed optical fiber
sensing. This study analyzes the basic structure and characteristics of bend—insensitive optical fibers and photonic crys-
tal fibers as examples. It discusses the recent designs of bend—insensitive optical fibers and their applications in dis-
tributed sensing. Current research shows that both bend —insensitive optical fibers and photonic crystal fibers can a-
chieve a minimum bending radius of 1 mm, with a loss of less than 0. 2 dB at an operating wavelength near 1 550 nm.
Finally, the paper highlights the frontier applications and future research directions of bend-insensitive optical fibers,
emphasizing the need to balance bend resistance with large mode field area, long—distance sensing, high precision,
and multi—parameter detection.
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PUBTRTC 1 M 0L 34.5 2 0.2 dB/m@ 1 550 nm [39]
Prigezs TOLLr 31.5 1.8 0. 039 dB/m@ 1 550 nm [40]
MR IR TS T 2 25 O GET 43.5 1.5 0.02 dB/m@ 1 550 nm [34]
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SR i R G A S A BUSOLE FOE T A ik
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http : //www. laserjournal. cn



18 AR S T A UL IR S DT Bt

AR T A UEOC L DT S AL i pT 2
JEIRAG J5 8 XS tOGET I B AR S5 A S R R AT T
PRI . BEAh  IE XTI ARSI MO e A 20Ot
AL A SE PRI BEAT T R4S, IR T Ak A&
I,

R, YU HOCLT AIEAL G o0 A AL o e 2
P BB, A A 45 R B Mt o
A T YRS s 00 S T SRR B Tz N (HE,
TEDTES % 5L At e I AR 7 1 R B A TR g
KLV K 22 2 B K 25 07 ThT, ATy SR A AE — e R
I, R BT TN R AR Tt — A e 2T S5 A L S )
R AT YERE , RIS A (] 57 5 75 5K A 7 1Y
JCEF . BIUnsE I R I e AR AR Bt R
JELF AR I B AN Rl B 2F LA L2 25
FIPERE , 52 B I 2 A SR A (] AR A0 25 i 453 7 5 7 i
THBTRDELT (R A E 255 N TR REHoR, nl gt — 2
PR T2 BRSNS A PR A A JEE | DT e 3 D £F 1) 4% Sk
AE s 38 AT A FHRAT 28 KRB R LR, A DA
JeLF Z O KA BOLL S, 454 LRy ih
JCEF R, S AU 2 S R AR, A,
SEA SRR TR R BEAL SRR R P L
LFRYBETT5 N IR S R B 25 1]

S 3k

[1] Liu Yiyu, Wu Yongxin, Jiao Xiben, et al. On—chip imple-
mentation of intelligent signal recognition in fiber — optic
DAS[ C]// 2024 22nd International Conference on Optical
Communications and Networks (ICOCN), Harbin, China,
2024, 1-3.

[2] Du B. Femtosecond laser—induced in—fiber composite mi-
crocavity array for high—performance distributed high—tem-
perature sensing[ J]. IEEE Transactions on Instrumentation
and Measurement, 2024, 73. 1-9.

[3] Wu Huijuan, Wang Yufeng, Liu Xinyu, et al. Smart fiber—
optic distributed acoustic sensing ( sDAS) with multitask
learning for time—efficient ground listening applications[ J ].
IEEE Internet of Things Journal, 2024, 11(5):. 8511 -
8525.

(4] MBS RDY, Sk 00, 45, HUES il KA 1 R Ak 7
FRAGET [ 1], SR 50T 5, 2023, 35(12) ; 13-19.

(5] R, SR PH, IR, 55 — RN RSH BT oL 2r i
il w SYEREMT TS [ T]. 6T 2442, 2021, 50(05): 120-
128.

[6] FhiE , BXENEIL, BEACHI, A5 18 FR I R T D' 2F 1T B e 25 3
FERISEM ()], RERRERIEHE, 2024, 43(02) : 695-701.

(7] S RN e . RrHE R LRI G 25

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

FE[J]. BARB T R¥5M (AR M) , 2024, 50
(04): 619-625.

Tl YA, RKIE. C+L RS AR A =
RELEL M AL 3T S AL LT Beit [J]. BT 424, 2024, 52
(08) : 2659-2667.

TR 5 R M FE 2 0 RO IR OCLT I FE [ D], VL7,
TEPEIIE R, 2024.

Xu Y H. An ultra-low bending loss negative curvature hol-
low core fiber with a polygon jacketing layer [ J]. IEEE
Photonics Journal, 2023, 15(6) . 1-7.

Snyder A W, Love J D. Optical waveguide theory [ M ].
Chapman and Hall, 1983 179-188.

JEARAE, SRHTHE, 250K, A%, BT ST R P RE A s
FOERIEET BESE[ 1], WOESER T2 RE, 2025: 1
-1.

BRSO, 7B AR SLET Tl SURE BB 17 1 07 Lk
FEAE[ ], 6 A4k, 2021, 41(18) : 28-34.

Schermer R T, Cole ] H. Improved bend loss formula veri-
fied for optical fiber by simulation and experiment [ J].
IEEE Journal of Quantum Electronics,2007,43(10) : 899-
909.

Velamuri V, Patel K, Sharma I, et al. Investigation of pla-
nar and helical bend losses in single—and few—mode optical
fibers [ J]. Journal of Lightwave Technology, 2019, 37
(14) . 3544-3556.

WIELES . BT R BT DR O 2 S5 B S R I £ IO 7S
[D]. dbst.destsgm R, 2023,

BRR T AN, S A A N B T B R N
[J]. KRB, 2023, 42(12) ;13-17+45.

Watekar P R, Ju S, Han W T. Optimized design of
trenched optical fiber for ultralow bending loss at 5 mm of
bending diameter[ J]. Optical Society of America, 2011,
50(25) : 97-101.

KRB, FEMG, EWAT, 555 Z W B SO
PRI PERR TS [ T]. WOLZRA, 2024, 45(09) : 91—
96.

Yang L. Diameter —reduced fiber with ultra—low bending
loss[ C]// 2022 20th International Conference on Optical
Communications and Networks (ICOCN) , Shenzhen, Chi-
na, 2022 1-3.

Wang Xiaolong, Deng Weilin, Wen Kunhua, et al. Ben-
ding—loss —resistant Brillouin optical time—domain analysis
based on thin—diameter fiber[ J]. IEEE Photonics Technol-
ogy Letters, 2024, 36(13) . 829-83.

7. ZHDLLF BOTDR 2R G ML AR S [ D].
A5t AR JE R T R (BT, 2023.

Roman M, Zhu C, Malley R J O, et al. Distributed fiber—
optic sensing with low bending loss based on thin—core fiber

[J]. IEEE Sensors Journal, 2021, 21(6) : 7672-7680.

http : //www. laserjournal. cn



R, 45 LT 0 A AL I DU S HDELT I 50t R 19

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Li Yonggian, Fan Haijun, Zhang Lixin, et al. A bend-tol-
erant BOTDR distributed fiber sensor[ J]. Optics Communi-
cations, 2022, 514.

She Y, Zhou. Bend -resistant low bending loss and large
mode area single —mode fiber with low NA —ScienceDirect
[J]. Optical Fiber Technology, 2019, 51 101-106.
TR, BRLL W RS LA 25 BT M e fg
ST D] AEAR . EARH TR, 2023.

Liu X, Ma X. Research on parabolic cores and high refrac-
tive index ring—assisted fibers[ C]// 2024 12th Internation-
al Conference on Intelligent Computing and Wireless Optical
Communications (ICWOC) , Chongqing, China, 2024 6-
12.

BANIE, BER, B, e TR it 5N
WLk 1], FRAOEHL, 2020, 41(04) : 464-471.
Behera B, Mohanty M N. Erbium doped asymmetric clad
leakage channel fibers for large mode area and low bending
loss applications[ C ]// 2018 2nd International Conference
on Data Science and Business Analytics (ICDSBA) , Chan-
gsha, China, 2018. 211-214.

B, FIOL. T AL BT A v [ M.
BT b A, 2019.

Sharping J E, Ghosh S, Ouzounov D G, et al. Novel non-
linear processes in hollow — core photonic bandgap fibers
[ C]// 2005 TEEE LEOS Annual Meeting Conference Pro-
ceedings, Sydney, NSW, Australia, 2005 310-311.
Naeem K, Kwon Y S, Chung Y, et al. Bend-loss—free dis-
tributed sensor based on Rayleigh backscattering in Ge —
doped—core PCF[J]. IEEE Sensors Journal, 2018, 18
(5): 1903-1910.

Xu Pengbai. Bending—Loss—Resistant distributed tempera-
ture and strain discriminative Brillouin sensor based on 98
mol% Germania — doped few — mode fiber [ J ]. Journal of
Lightwave Technology, 2023, 41(14) . 4854-4861.
Mahdiraji G A. Bend insensitive hollow core DNANF with
SMF -matching mode field diameter and 125um outer diam-
eter for low loss direct interconnection in short reach appli-
cations[ C]// 2024 Optical Fiber Communications Confer-
ence and Exhibition (OFC) , San Diego, CA, USA, 2024,
1-3.

Gao Shuofei, Wang Yingying, Liu Xiaolu, et al. Bending
loss characterization in nodeless hollow—core anti—resonant

fiber[ J]. Optics Express, 2016, 24(13); 14801-143811.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Debord B. Ultralow transmission loss in inhibited—coupling
guiding hollow fibers[ J]. Optica, 2017, 4(2) : 209-217.
Chafer M.
Rayleigh limit in the green spectral region[ J]. IEEE Pho-
ton. Technol. Lett. , 2019, 31(9) : 685-688.

Gao Shuofei. Hollow—core conjoined—tube negative—curva-

1-km hollow—core fiber with loss at the Silica

ture fibre with ultralow loss[ J]. Nature Commun. , 2018,
9. 2828.

Jasion G T. Hollow core NANF with 0.28 dB/km attenua-
tion in the C and L bands[ C]// 020 Optical Fiber Commu-
nications Conference and Exhibition ( OFC), San Diego,
CA, USA, 2020; 1-3.

Zhu J. Theoretical analysis and fabrication of a nested an-
tiresonant hollow—core fiber with low tight bend loss[ J].
Journal of Lightwave Technology, 2024, 42(14). 4972-
4979.

Wu T, Liu G, Fu S, et al. Recent progress of fiber—optic
sensors for the structural health monitoring of civil infra-
structure[ J ]. Sensors, 2020, 20(16) ; 4517.

Ran Z, He X, Rao Y, et al. Fiber—-optic microstructure
sensors: A review[J]. Photonic Sensors, 2021 227-261.
Xue P, Liu Q, Lu S, et al. A review of microstructured op-
tical fibers for sensing applications [ J ]. Fiber Technol,
2023, 77:1124-1130.

Soman R, Wee J, Peters K. Optical fiber sensors for ultra-
sonic structural health monitoring: A review[ J]. Sensors.
2021, 21(21) ;7345.

Daniele T, Sven P, Tulian I, et al. 11-Fiber optic sensors
for biomedical applications, editor (s): hamid alemoham-

mad opto—mechanical fiber optic sensors[ J]. Butterworth—

Heinemann, 2018 301-333.

Guo Y, Zheng J, Wang Z, et al. Biocompatible optical fi-
ber for photomedical application[ J]. Giant, 2023, 16,114
-120.

Min R, Hu X, Pereira L, et al. Polymer optical fiber for
monitoring human physiological and body function; A com-
prehensive review on mechanisms, materials, and applica-
tions[ J]. Optics & Laser Technology, 2022, 147.4526-
4534,

Liu Z, Tam H Y, Htein L, et al. Microstructured optical
fiber sensors[ J]. Journal of Lightwave Technology, 2017,
35(16) : 3425-3439.

http : //www. laserjournal. cn





