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Abstract; With the continuous development of optical fiber sensing technology, fiber Bragg grating (FBG) vi-
bration sensor has become more and more excellent in the performance of complex vibration measurement in
practical applications. Based on the advantages of FBG vibration sensor, the working principle of FBG vibra-
tion sensor is described briefly, and the advantages and disadvantages of some cantilever beam, diaphragm and
hinge structures developed in China in the past 5 years are introduced. Finally, four suggestions for FBG vi-
bration sensors are put forward, and the development direction of FBG vibration sensors is prospected.

Key words: fiber Bragg grating; vibration sensor; cantilever beam; diaphragm; hinge

i BEHE. 2023-05-04

HEETH: BHAH%ETELLHEAFIT X E (18]S093); CNPC Il # # & L % 24 7 H (20216328)
EE® N HIRL(1959), B, BMBERMEA, ##&, TENFLGFLF. LFHER. LHERFML
WFFEARNHESHRT A,

“BIYEE . E-mail: 1593076798@ qq.com

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023 http: //journal.sitp.ac.cn/hw



544 . 5510 4

. Ab 35

0 5=

L 5 RIAL IR AR M L, FBG R 3h 1% B 4%
HARBUN, RBPR, b widhsh. LifES
R . MR S O R AR D s RIed, i F
AN PR, N A T % &, Hksh
7 M RBAG Y . B2 s AR . il
B ML RR TR ARG A G
HEME L. RET IR ZEE 5 MR
SniEdRsh, FBG fRah B s HF Lk T
TR G0 B U A2 W, k4. BT FBG
Xof i 1) 18 Bh N UK FE R B 3 AR B
OB B B A P A 8 B 16 U5 05 EORG BE 1Y
R

FBG i 8l 1% JE & [7] F 38 9 ) 92 b vy T
ATl BT & . T AR A, A
M . A RN T 2 % i AR i ok
SE I AR AN 7 B IR R e L B A
— Rk . [FIEE PR EE R AR T R AR AR T
FBG ik sh 5 A8 ke . Rk, FBG #k3h
TR AR B T 2 T i B I A B BT
" AR FBG 4R 36 % I8 A9 T4 b B
AR, AR 5 4F [ N A0 3R 43 45 # 15
NED
1 FBG 4 50 1% &% & 0y T 1F J§ 22

AR FBG WAME 5@t e M H, HHE
EA TN RE S O S = N . 2 LA (D o0 A
MASHEFES LT BB S . 55 AR hAK% I
i SLNIODNE'L oV A S I (1P U R Al BN )
St i n] LA SEE A A B AR AL R I . O
LHREBHIE A, FBG RSO K FE
ik

Ap = 2n,A (D

Loy g RGO A AT ET S, A LA
W RO, 2 n,, FA XA P2
RAEAREE, RSO R AR 2 U,
1.1 FBGRaht R0 FAHA

FBG 4f 3 £ J8 %% 09 T 48 B2 F) 1 FBG
Xt S AR ) RAgE . MIRSE SRR, B

http: //journal.sitp.ac.cn/hw

S FBG Rl & A8 0 e & Az iz 8, ff
52 M #:00 FBG =B A48 s il ad A2l FBG
HG IR AR fb g T AR AR A I 14 0 AR £
B B 1R FBG 4k 3l % 18 & 1Y ) 27 45 # 45 AY
faj el . Ho, m Ry BTEET R, ko FBG 5
MR o HBHE 2B

NN

NN
R
NN
- R
WY
R
WY
R
W
R

L1.1 BAMmE

WA FBG Ik 3 72 B 9 g 2 B, 2 Jo
YIRS B R = FBG REZER 2
B, AR s 3 e T A

d22'2 EzA
2

cé%+m . —+ zg:@zl (2)

L L

Xb. AJpeer i dm AL, E e er i Ik
B, Loy FBG BRE. mi(2OB AR5/
PR AT HE— A AR GE A [ A R

1 A
fu= 20N mL (3)

1.1.2 R&E

[t iz Stz BEE I RIE . 22
FBG & Az Ak At 5 i A2 Bk 52 21 9 153 0 06 &%
K. JF45E FBG s, A

S _ % _ O 78137}1
a EA

A, SERGIRAREE. A R FBG
SRR K, M AR, H N 3) A
KA, REE S H m BIE., 2 m KR
Bf, SHiZIGR: X SHAmF, EAME /,

HAN.

€Y

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023



36 . Ab

2023 4F 10 H

(b)

Kl 2 BE A FBG R sl & ar ity

(a)

(b)

3 () E"RIREEHT 5 (b) WU TR BB A 4T

2 FBG 4k o % B & 09 45 Al
2.1 ZFWmsk

FBG k30 1% J& 2% 3 247 2R B AR B 1%
A TR B B A% B N R IR B G
SR, o, B R ARR S A AR R AR AT
TRZRBE S0 . MERR I & DL LSS R R B, 7R 2
WL IVERIE . R FA AR, B DL R
TR 5, Hoh SO R 1 f T Pe kg 22
P B A AR A A . B R TR IR B A SR AR A A
SRRV R, Bb RSN BRER
M. BOEERIIR SN AR LSS R s, H
it 5 R R ARMR S G s — R, 2 R T
TR 2,
2.1.1 B A FBGha1ERSE

B FBG IR 3% i A £ B B,
ZRAERY . FBG LA KHE e S5 DU R A3 b B, HE2H
ZEHTE FBG R s (7 A I3k W, FBG &5
AR EE AWM. — 2K FBG &%
EER B I, A5 R 9% 3 T 4% ik (ULl 2
(a)), TERXFP BB, FBG &

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023

BAE Ao, bR e AR b B B
MR . s FBG RS G 7 2 2 3 m (DL 1A 2
(b)), X FpEr e gy U AR o Al X e, end
i iE sh iy shR R kRS, PR
AR VE TR I 7 H 3R T /) FBG |, ISkl
EAM M IRSIRES. BE R FBG Ik 3 % &
i 1 Bl o5 2 R — 3500 T Sl A R SR R 2 T
ANEE Y () L AR Ay A 5 S B

2020 4, BIHRZE S NN T R R
A FBG PR ol G A8 0 R, T —Fp
“E” RIRRZERIRY FBG PRl fL AR UL 3(a)),
SRR LS R, R AL AR I [ G AR N 83
Hz, REFES L 481,32 pm/ g, ZAG AR TE R
JH 5 Bl 18 it B W 0 45 O T R B T AR ORI
YEHL.

2021 4F, He Z X &N T — 5
PR AR e, Bt T — RS R
2 FBG R sh 15 &4 (ILIE 3(b)) ., SLERgh R %k
B, P AL AR 0 [ A A5 % 185 Hz, R
JEN 0. 0240 pm/g, FE—WUE T 14 R AN I
S0P S Pk R T N P L % 1 G L 7 1

http: //journal.sitp.ac.cn/hw



844, H 10

. Ab 37

Bl 4 () T7HRIGREERGE S 5 () S5 = Fiy Y B R I B g

(a)

K5 (a) FBG w5 Al S 4k sh i ias

SR PR BRI RS BE v, AT DAAR B bl PR IR
Tl i O R 54 32 T i

2021 4, ZEREE AT —F T
RIURZER ) FBG ¥k A% J g (UL IR 4Ca)), 58
aE R R, MINHE R 2. 0g B, fF IR
B W29 543.9 Hz, REGEZHR 6.7 pm/
g, HA R WLMEE MBI TREE . 1t
IR E R R 2Z AR 1. 7%, B RAEE
RGN REGEER) 4. 2%,

2021 4, Wu H % A" T —Fpar L
FHR I 2 w35 A4 3 15 5 19 FBG 4k 4% 8% 4 (L
Bl A(b)) . ORGSRy S W = a5 . Bl
R T e 2 FORS U 7E B 1Y FBG 41 AR .
M ATE R AR & ok it — A0 3 v LT A AR, 5K
WA R R, A EESA RAFp T S, H
PR g 8193 Hz, R 45.82 pm/g.
A SR AR . REE R, AT
F 58 22 i R 5 R 55

2021 4F, BRag R AU R — R 3L T
“L” BB R FBG Pk 8l 1% A ok i K00

http: //journal.sitp.ac.cn/hw

(b)

5 (b) =43 FBG My a5

IME S, SRR R, AL A R AR
280 Hz; 1 70 %% fk i i I £ 45 58 R 1~ 240
Hz, REAILE] 52 pm/g, P HMEE
U, GRE) 4. 2%, MOAL R TT LN A R
I 2 IR 5 A S P

2021 47, Li S S 4 NUET A LR R
By A JER AR T AT T A AR 09 Rl 44 40 5 T S
fIlRE I, $2 W T —F 3 F FBG Y & vl 5 M
PREEIEAS LK 5Ca)) , LRGSR K, (2%
P T AESTRIEE R 0.1~30 Hz, REEN
290 pm/g. KB THRE N 3. 6%, R HBE
T R B A% SRR AE I T T T DA R R
GFAROEPE . HEAh, AT AR X ™ 4 UL
d e PO R N, I HLAT 7RG B A b S AR
WAE T . K, 2GS R % ] S5 b ] T JF
A IR B I R B i

2022 4%, TAEHRSE AP &I T —F =4
it FBG b 52 K ik % > 52 30 b 7% 30 Ay = 4 ) 3t
UL 5 (b)) o 3T 25 1 11 b 7% A6 5 45 11 1~3
Wy B AT 55345 3k 56 Hz, 59 Hz 163 Hz, =

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023



38 . Ab

2023 4F 10 H

AT m bR R OBOEE 4y i A 218.22 pm/g,
284.76 pm/g Fl 249. 67 pm/g. X Fh 4k 1Y 1%
JEE AT S B A 5 1 = 0 A D RS B 4K
LA AR H SEBR G R M E

2 KA FBG k3h45 & B

A FBG a4 iR iR &, 17617
SR I 1R B B RO R . X R AR Y
TS T ARBUNTG e BGE T P o
%e s AT LLEE ARl 2 2 R B N T A A AR
S]]

2019 4F, Liu Q 28 APVt 17— Fl XU F
R FBG R L 4% (WL 6(a)) . ZfE AR 1
A5 45 % R 441 Hz, RN 152 pm/g,
B REDNT R RN 3.6%,

2021 4F, Wei F 45 NP0 7 il 2 K40 4k
SWEI R, 4R T — OB 1Y B 5 R FBG
PRENE S (UL 6(b)), ZIEERE R T
fRUIREEH . 7E N ERAE M /3 A 2 4 AR VR 3

i

=]

.1

Is

N

L

(a)

TR B R SR A R, X AL R
i 1Y) [ A 4% R 90 Hz, R B 35 8] 485. 75
pm/ g, [F) B (G IERER A 4 5 R B T R
PLIE A% s o b R B R A5 S B 1 FH 4R 4L T
— T ) R
2.1.3 447 FBG ka4 /& B

2020 4, HEFEANPRE T —FETE
PEBCBE 25 4 19 FBG 4k sh 4% 1228 (ILIE 7(a)),
TIGLE R, A AR, AU 0.5~
55 Hz, RN 1.94 nm/g, SEH T ARMAH
TR ER B . AN, AR AR N ) R A
FEZE I TR ) R ORI b TR AR
LN

2020 4, Han S %28 A"V &3 7 — o &l
BEBELE R B 2 FBG IR s 2 IEA% (ILIE 7(b))
HAE x J5 [ ANy 7 1) b BT IR A R 0 0 4 R
1275 Hz #1 1482 Hz. 1EM A7 ) b A R 85
I35y 41.2 pm/g 1 34.5 pm/g. FEEH ATy

6 Cad BB TUEEAD ™ s ()R H 0

(a)

()

Bl 7 () MRS M 5 (b IE 3845 il e 454

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023

http: //journal.sitp.ac.cn/hw



544 %, BB 10 M

a b 39

A X/ T 6%, X AL a4 R 5,
&SRR, 5 U A8 1 25 44 R
Do 2 BB R R 14 225 8] 43 A {4 JER 25 A A
B B S = YA a0 7 A NP 71 1
AEJTR . X ARVFAEPIAS I ) b 2 A A A R
B,

2021 A, X SCRHESE NI T — R
X FBG 11748 56 F At 15 420 5 XA A B o) 1% IR 4%
LK 8(a)), LS5 REN], AL IRARH T
YESH 1 0~10 Hz, E4RMFE K 36 Hz, R
BEH 1496 pm/g. %A% &A% B A 855 1 R
£, BB 2 TR P A K,

2021 4F, ZESTHT N T — R T
W (B8] 4 e 1) v s A AL FBG 9k S A% % o% . S0 3
SRR, IXFP AL AR B I IR AR R 2 Sk 780
Hz, % 132.53 pm/g, EmHT-+H0 R/
T 3.3% o HTR M ROG £F 22 43 ik 8 125 7T LA
P i AL AR W R . TE R iR B h A o T
Iz

2021 4, Qiu Z C 2 NP7 T #F5E b i 4t
PRENE5 X G Lk 6 0 ok T 45 R TR 45 g 1 gkt
J5RE U0 ) S i i 2R e v G i R A S
ARBUEAL, BBt T YRRE ) ZE MR, R
T —FP T RO B B BE AL FBG R sh 5 IR 2%
(WLIE 8(b)) . SEERZE R R, X AL AR 118
PRATF N 1300 Hz, RAELEFEARRIAF] 20 pm/
g CEF L B RS RN LA R A I

(a)

M ErE, MM TR 3.1600, HKA
Sk R IR S5 S A I R AL TR R

2022 A, B LA NP I 00 Rk 1
T —Ff FBG = 4E ik & 12 Jl s (ILIET 9 (a))
LIRLE IR, XL AR TE x Bl b Y R A
% 673 Hzo REGFEEN 72.3 pm/g; 7E v il I
PR A2 Ry 667 Hz, RESEEHR 70.2 pm/g;
T z Bl b A 4R AT 32 O 1376 Hz, R E N
83.1 pm/g, ZILIRARAEWE W & = 4ERN1F 5
I R 25K

2023 4F, WX EALE AR T — RN A
b, SimiE . E REUE R FBG iR 3 % 2 (I
K 9(b)) . MfiIsRH “FLATECEE” AE 0 A2 (1Y
TR A5 . T At BT B o A I I ok
AR RO ALE . B T AR RS Y A A
R, X PNEE I P AE RGO /R FEAR 09 O T $2
FHEG AR Y AR, SER a5 SRR, A5 I
i 1Y PR A R Sl 750 Haz, [ A 452 Ry 1250
Hz, REJERT 83.3 pm/g. HilaHi TILRE
Bk, EXREENT A%,
3 349 AT e Ak 2

i@ i1 Web of Science 2 AR ZHE Xt 1992 ~
2020 4E[H] A CLF PR S A% AR AT T 845 (WL El
10) BV 0 NGRAR & rp ml LSS A o g 5], T
WK AR 1) FBG HiR 8l 7% J8 25 1 7 /8 3k 6520
AR (A s B o3 A AL TR T . BRASHK
PRI B0 AR 06 ZE 1 27 25 il A

(b)

P 8 (a7 5 B B B R 2 9 27 5 (o) MO BER e A e e 5 Ay

http: //journal.sitp.ac.cn/hw

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023



40 a  Hp 2023 42 10 H

(a)

(b)

K9 () ZthgcsE FBG =4E45 49 5 (b) S 58 49 41 sh 45 k>

FEl 10 7 18 T £ 4 3 {4 R B HH 6 SCRR R T 4 L P

(a)

(b)

P 1T Ca) SEBR Y [ AT 3080 A P 5 (b) S5 A R AHRE -9 A< G AR (]

XFE N GE 5 AF R 8 4 FBG ¥k 3 1% )8k
e R AT AN B TR R B, FBG R3h
1 AR o8 F B AP R B £, (RT3 4F
PNTE i A1 B i R e B 2 (LR 11 Ca)),

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023

FEIT 5 AFBIESE T . FBG 4R 8l 1% A 1 5 A 40
R R Z [0 A7 A3 B 2R ), 8 R
P A A Y [ A AR R AR UL BT 1)),
A 7 PRI 55 28 50 11 [ B (4R 48 v ) [ 4 4 R

http: //journal.sitp.ac.cn/hw



544 4, 5510 B

. A

41

Je I ik DR B A0 [R] AL
AFRIBETESR LR 4 i
(D40 JEAL B 00 7 FAR B [ i PR IE R
TS AR5 AR BB KT
) A B XV B2 S . DA i
TEAS RIS PR B 52 52 Wi - S S0 4 45 2R A
i

k. BEXFIE 5

(3) T 5 7 BUAL SR A . TEBT FBG Y 3 3 5
X, IERAGBIR W HFar. ZWEEFIH.

(DO NEAYEFEREFY FBG R 2L 2%, il
AL B T L R 2 e B A PR 3N 15 B, A
P AL IRAA TR, 38 S ALK
4 7 KIE

AR T BRI R TR B B R
SR EE R FBG ¥R o 1% IR AR 0 BT, A T
VT 5 A4F [ PN 2 X ax = s A8 BIF 5T 10 =F A
S, IEXT FBG R IR ER g R R 2 T 4 45
HIL ., WE FBG & RE AR B AW 2, FBG
PR AL IRAR WIS AR R W IR A, H7F b 7
W B MAEMA. KEBk. B Al
B, AT Tl BT & . MBI . RO 3
il 152 it A5 % A 400 358 90 ke A W FL T B AR

Bl FBG ik 3 £ B A9 Pk e S As € .
HmT . H TR s LR LA (D)

i gk 28 HE T 7T LAAR T FBG I 3h 1% s 1 2
¥ SR TR BUE LR . 5 A SR SUR
ERR . BAAREMN. RMEXZARCRE
$e T+ FBG IRl & BAs P RE Y BT ST XE AT . (2O A
(7 185 %) 1 T B PR REAF T2 WA . A B X 1k
BT 4 H e el NP 5 6 1 TR Y 52 ) [ R
WHEE . AN A HERETSE FBG Rk 8 1%
VRS R LS O AR e S I R 1B 13~ S Y L
B Rl FBG ik 3l A 5 B R T A R
M. Bz, FBGIRaE R BA AR T R A
RS AHAT KA SR N BRI AL

£ % ik

(1] S¥R%, W, mE,. &, e hiks eR
SHAL RS HTIE [J]. £54h, 2020, 41(7) . 18-24.

http: //journal.sitp.ac.cn/hw

[2]

[3]

[4]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

SRAEAE. RS G 25 4% 12 A% 75 A 3l I I b i 1
[J]. #&#. 2021, 48(10): 127-131.

Michael B, Matthew H, Cyril H, et al. Fiber-
Optic Bragg Gratings for Temperature and Pres-
sure Measurements in Isotope Production Targets
for Nuclear Medicine [ J]. Applied Sciences .
2020, 10(13): 4610.

Hegde G, Asokan S, Hegde G. Fiber Bragg grat-
ing sensors for aerospace applications: a review
[J]. ISSS Journal of Micro and Smart Systems ,
2022, 11(1) . 257-275.

Zhang X L, Liu X M, Zhang F X, et al. Reliable
high sensitivity FBG Geophone for low frequency
seismic acquisition [ J]. Measurement, 2018, 129
62—67.

Wang Z, Fan W, Gao H, et al. Optical fiber
grating geophone assisted with a hollow triangle
beam [ J]. IEEE Sensors Jowrnal, 2021, 21
(24): 2748927494,

Liu WF, Liu Q P, Wang C F, et al. Modelling
and design of high quality factor fiber Bragg grat-
ing-based geophone [ J]. Optical Fiber Technolo-
gy, 2022, 68. 102799.

. JE TG EF e MR B0 A% R R A L3 TS
AERG (1) RMER, 2021, 5(5). 24-
27.

Guo Y X, Chen M, Li X, et al. Fiber Bragg grat-
ing based acceleration sensors: a review [J]. Sen-
sor Review, 2021, 41(1). 101-122.

JAE TS . LT LM M AR A s 2 Bt
S¥eaeti s [ HEIREIERS.
2005, 26(3): 177-180.
BIPRS00, BORIE, . JCLPHOUMMR 3 4 12
WA VBIHIFE [J]. 405h, 2022, 43(9): 20—
217.

ZERGE, RN, KA, . A ERIG AL
SR A RA% JC M ) B AR L LA ()], RFE R
I#8. 2015, 23(5): 1254-1264.

LiTL, Tan Y G, Zhou Z D. String-Type Based
Two-Dimensional Fiber Bragg Grating Vibration
Sensing Principle and Structure Optimization [ ] ].
Sensors and Actuators A: Physical, 2017, 259

85-95.

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023



42 . sb 2023 4E 10 A

[14] BHIRZ, BB, olpe, & —fIL T “E" R ber Bragg Grating vibration sensor based on or-
PREERI A G LR MR sh 4B Ay ()] kB F - thogonal flexure hinge structure [J]. IEEE Sen-
Bk, 2020, 31(12); 1239-1244. sors Journal , 2020, 20(10) . 5277-5285.

[15] He Z X, Zhang Z Y, Li L. et al. A novel fiber [25] XSCH, MER. WA, T IOLLHEMrm R
Bragg grating vibration sensor with double equal- TR 0 o AL R Ry [T, S HEF - 5k,
strength cantilever beams [ J]. Optoelectronics 2021, 32(9): 911-918.

Letters, 2021, 17(6): 321-327. (261 Z=NpH. INEF . THREL. 5. v i S0 I3 4 B

L16] Zipfl, EIET, £k, . FETICHMHKE JCEFCM N AL i As [J] URBRAREER
MR B 2 2% AR B 2% >0 1L B T 5 S 40 403 1R 2%, 2021, 50(8) . 22-26.

W L1, hE#ESE. 2021, 48(16); 170-181. [27] Qiu Z C, Zhang ] Q, Teng Y T, et al. Hinge

[17] Wu H, Lin QJ, Han F, et al. Design and analy- type FBG acceleration sensor based on double elas-
sis of high-frequency fiber Bragg grating vibration tic plate [J . Scientific Reports, 2021, 11(1);
sensor [ J]. Measurement Science and Technolo- 24319.
gy » 2021, 32(2): 025108. (28] F™@JL, B L4, B, . 3T R rRHEEm

(18] sk&in. Fhaki. #ocoe, 4. JET L RS 3 FBG = 4 hn il 2 A5 & 4% [J]. Sk,
FOLLT Stk B 1 s [T, SeeF - #sk, 2022, 43(4): 697-703.

2021, 32(7): 696-702. [29] BB, WM. FEA. % (00550 FBG R

[19] LiS'S, Feng Z Y, Ma Q Q; et al. Fiber Bragg SR ot KARERESE [J/OL]. Bk 5k
grating accelerometer based on symmetrical tilting FEHRE, 2023, 60(21): 1-16 [2023-05-18].
cantilever beams and solder glass packaging for http://kns. cnki. net/kems/detail/31. 1690. TN.
harsh environment [ J]. Optical Fiber Technolo- 20230104. 1353. 042. html.
gy » 2021, 65 102579. [30] Wei L, Jiang DZ, YuL L, et al. A novel minia-

[20] FEREME, B4, B2, & =08 bg 4Pt turized Fiber Bragg Grating vibration sensor [ ]].
MR ey (1], EBER AR, 2022, 46(3) . IEEE Sensors Journal, 2019, 19(24); 11932-
47-51. 11940.

[21] Liu Q, He X, Qiao X, et al. Design and modeling [31] LiTL, GuoJ X, Tan Y G, et al. Recent Ad-
of a high sensitivity fiber Bragg grating-based ac- vances and Tendency in Fiber Bragg Grating-based
celerometer [ J|. IEEE Sensors Journal, 2019, Vibration Sensor: A Review [ J]. IEEE Sensors
19(14) . 5439-5445. Journal , 2020, 20(20) . 1207412087,

[22] Fan W, Wen J, Gao H, et al. Low-frequency fi- [32] Yan B, Liang L. A novel fiber Bragg grating ac-
ber Bragg grating accelerometer based on dia- celerometer based on parallel double flexible hinges
phragm-type cantilever [ J ]. Optical Fiber Tech- [J]. IEEE Sensors Journal , 2019, 20(9): 4713-
nology » 2022, 70. 102888. -4718.

(23] F52. skEfE . B, % RS REER [33] 2, SR8, Wi R4, 5. —FILTF R iR
JCET MR A R 3 5 R OF 5T [J]. o5 BOHE MG 27 G n 2 R AR AR [T, e F e
FE T, 2020, 49(S2) ;. 314-320. B, 2019, 30(3) . 234—240.

[24] Han S, Wang Q D, Liu M Y, et al. A novel Fi-

INFRARED (MONTHLY)/VOL.44, N0.10, OcT 2023

http: //journal.sitp.ac.cn/hw



