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Abstract: In order to measure the strain with high sensitivity and high resolution, an OCMI strain measuring
system based on dispersion enhancement was established. Firstly, the transfer function of OCMI strain sensing
system was derived based on double-sideband modulation theory, and the mapping relationship between FBG
optical wavelength drift and microwave frequency was obtained. Then, a strain sensing system was built, and
the sensitivity of the system under different dispersion combinations was compared by monitoring high frequen-
cy frequencies. It was shown that reverse access to LCFBG could effectively enhance the sensitivity, and the
greater the dispersion of LCFBG, the greater the sensitivity of the system. The experimental results show that
the sensitivity of the dispersion-enhanced strain sensing system can reach 43. 75 kHz/pe, which is 42 times that
of the system without LCFBG. The scheme proposed in this paper has high stability and resolution, which pro-
vides a reference method for the measurement of weak physical quantities.
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Fig.1 Block diagram of sensitivity improvement based on reverse LCFBG
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Fig. 3 Reflection spectrum and group delay response of LCFBG

R S A, DA 2 24 AN [ ) B 4 2%

SEEGRT, Rk T I BRGAR T R sE g, HARE b
UL B = B R A K PR R 22 I E N 0.5
m. LT EOM TAER R NIER T
PE A IR IH—46 VNA BYFTHE T B VNA B 4480
Y E TE 0~3 GHz, R AE S50 E M 1201,
fdi ) VNA I T 42 FBG 15 0 pe, 450 pe K 950
pe B RGN T 0% . TR, O T I v A T N S
Y5 FBG — AT AE , FLJ i i) S g 28 AN Ry R K ikt
B FBG 1 55 KU LCFBG Ry 56 i .

S 2 SN 4 T, AT LA & B BE 2 g ) o
AR N W BE R, W A A R R AR T I B W RS Hoik e
[ 2 25 B R, LIRS B K, B A % Ry
PR o RITE JE 2L S g b, FRATT 3 X g A
AR HEAT R .

T T

——0pe —— 450 pg —— 950 pe

Magnitude response/dB

70k 1 ! 3

0 1 2 3
Frequency/GHz
4 WA R0 pe,450 pe, 950 pe B ARLNE T B
Fig.4 Variation of microwave interference spectrum at

axial strain O pe, 450 pe, 950 pe



3262 b=

K % T

32 %

B AR 2 K B B R 50 pe, AR M O pe B
1K F 950 pe, ffi FH VNA T B T 2 % M R4
2.5 GHz Bz (0 S0 T 95 B 45 B2 A%, a8l 5(a) ir
o B5(b) R T RN AR KNS S 2 0 R RS
(4004 25 SR K Il 52 1k e LA 2 R . 25 AR R
Z R G A% S FBG I A8 B 09 i, H
G REELA N 44 kHz/pe, LN 0.99, H
[l 42 1 il 2R A 8B R 2 0k 0 i R 3 A
ARTRD , 0F B O 2R G0 0 AR A, T Tz N
FrREE SmEEEN RS, N T 55

Transmission/dB

225 2.35 2.45 2:55
Frequency/GHz

(a) 50 pe A5 KTl R A8 AR AL Al TP 1

(a) Strain-dependent microwave interference spectrum at 50 pe step length

IESZ R KNG RG PR BB LR, 53
WL 0.5 GHz,1.5 GHz )2 2.5 GHz A & Z Hi %,
214 13 A5 % T4 KR A5 X R 2R An 1 5 () i
R R AE Y5k 8. 93 kHz/pe, 27. 23 kHz/pe
1 43.75 kHz/pe, H LG il 2 19 42 1% B2 43 51 R
0.98,0.99F10.99, SLH45 R R HIZM i R H LK
PEEE U B 5(c) i S 25 SR i — 2B U T
BT R A0 e T L SR BT 2 (Y B A 7 A Y N7 AR
N B R R AT R X BB L
TR FR G o SR

60

40

20+

K=0.044

0K R*=0.99 R>=0.99 .

Frequency shift/MHz

0 500 1 000 500 0

Strain/pe
(b) 50 pe b KT MR AU A HhEk 5 B A AU A it 2%

(b) Measured fit curve and recovery fit curve at 50 pe step length

40} —=— Point A Fitted

N
= —e— Point B Fitted
& 30 —— Point C Fitted
@
z 20
5
g 10r
=

0F

0 200 400 600
Strain/pe

800 1000

— Ope S0pe  — 100 pe
— 150 pe 200 pe — 250 pe
43.75 KHz/pe 300 pe 350 pe 400 pe
450 pe 500 pe 550 e
2723 KHz/ue  |[— 600 ue 650 pe — 700 pe
— 750 pe 800 pe — 850 pe

8.93 KHz/pue  |— 900 e 950 pe

(0) IR S % i T I AR AL 55 R AR U A i 2k

(c) Frequency variation and strain fitting curves at different reference frequencies

F5 50 pe b K TG T 15 A R AUA 2k

Fig. 5

FH T O % i 18 527 BT O ik A R B TR AR
SCHE— AR GE T %N AR AR IR G ) A R
¥ OVNA B £ #5000 B & 20350~
2.525 GHz, RFE S BOLE N 1 201, PR E
100 Hz; B2 E W AR D4 R 5 pe, 28 5 A O pe
B HE RK B 95 pe, HOATAREERL Q18] 6 (a) i s, H
PLA MR R E 6(b), 1] LLE H L8R R AR 2B K 46
/N AH VNA T3 RE R G5 b 43 9 6B b 1 B A% 5
1) 225 BRI, oy S 5 R0 AR 0 4y
PER— A UE P B S AR R SCk (2187

Microwave interference spectrum drift and fitting curve at 50 pe step length

M1, 7E 1 550 nm i I, FBG 4 %l 1 1 48 5= 60y
1.21 pm/pe,5 pe 2B K BT XN 0 FBG 3 K% 2D
K 6.05 pm, i 72 /N TGk AL Y B /b 4y BE R
20 pmo R, A SO B FBG R 728 15 R 48
AHEE T 638 A 08, A A AR R
VT v M 0 14 0 A A AR R A R R B TR I X L R
274k, HFE N R T LCFBG Y 54635 A
56 4 V- A A5 30 5 IR 3 T VB A0 R A OB L R
A 7R Ak T T S R T 9 3 X6 LG BE 3 o AR 1 e
4719 LCFBG 0] L) ik — 25tk 45



522

TR, A5 R R B A e A R AR G 3263

Transmission/dB

Frequency/GHz
(2) 5 peF & T H R AR ARV A s T8 1%

(a) Strain-dependent microwave interference spectrum at 5 pe step length

2.44 246 2.48 2.50 2.52

43.75 KHz/ue

(9] (O8] B W
T
1

Frequency shift/MHz

0 20 40 60 80 100
Strain/pe
(b) 5 pev K T ER 5 W AR N AL A B
(b) Measured fit curve at 5 pe step length

K6 5 pe b KT TS LA 4
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