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Abstract

With the continuous advancement of fiber and optical communication technologies in China, fiber
optic sensing technology, a new type of sensor technology, is also developing rapidly. This paper con-
structs a cubic spline interpolation model by analyzing and processing the wavelength measurement

CHERERE

SCEF| I WIS, MBI, XNE, BRREH. 3T = ORISR A A SR SEIR IR e 27 A% I % 1) 1 i i 2 A ). 37 FH 4
*£3t ¢, 2025, 14(6): 434-443. DOI: 10.12677/aam.2025.146332


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2025.146332
https://doi.org/10.12677/aam.2025.146332
https://www.hanspub.org/

g% %

data of sensors with fixed spacing to estimate the curvature at each sensing point on the plane grat-
ing. Based on this, the Newton method and genetic algorithm are used to further reconstruct the
plane curve, and the characteristics of the curve, as well as the reasons for the errors between the
reconstructed curve and the original curve, are analyzed. Finally, the model is tested and sensitivity
analysis is conducted to validate the rationality and effectiveness of the model.
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Table 1. Wavelength (Nanometer) measurement data

F L ORK(EAR)MERIE

D& ek 1 ik 1 GRS 2 i 2

FBG1 1529 1529.808 1540 1541.095
FBG2 1529 1529.807 1540 1541.092
FBG3 1529 1529.813 1540 1541.090
FBG4 1529 1529.812 1540 1541.093
FBGS 1529 1529.814 1540 1541.094
FBG6 1529 1529.809 1540 1541.091

Table 2. Curvature values at each sensing point of the planar grating under two initial states

= 2. FRAIERTS T FEAME MER SR RE

g PRI 1 PR 2
FBG1 2.2195 2.9864
FBG2 2.2167 2.9782
FBG3 2.2332 2.9727
FBG4 2.2305 2.9809
FBG5 2.2360 2.9836
FBG6 2.2222 2.9755
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Table 3. Results obtained by cubic spline interpolation

"3 DREFREEKRBER

TEALFR X (CK) 0.3 0.4 0.5 0.6 0.7
M 1 = Kk 2.2467 2.2350 2.2260 2.2195 2.2152
s 2 = k 2.9853 2.9863 2.9866 2.9864 2.9857
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Figure 1. Fiber length and curvature variation under initial state 1
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Figure 2. Fiber length and curvature variation under initial state 2
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Figure 3. Curvature plots using different interpolation methods
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Figure 4. Reconstructed curves at different initial angles

B 4. NE#IAHBETHERMLZ

I MTZ B RIAS, A6 A RO - A i 2 PR R RS B o T WA i AR EBEXG 1 T A 2 ) 5
WELN, RGEERARE . ULHIRUERIIR Iy 45 IO A B, O e TR R AL I SR T ) S 5% A

3. BT EEREZNFHEERREME
31 EEER
L oS AR P T TR y = +x((0< x < 1), LI R0 MBI RBE, +BRBE RO

o IRJE ORFE A ROy A, M E AR, ST I, IR B B R 2 SR A i 2 LR ZE
JEEA

3.2. REEN
3.2.1. HuEHA

EWE[6]7E — M E SEBUSAN Z O AL ORI R . AR INE 2 B LUE I AN, AR
ERA T REEE BRI ZORREGEIT T R FESRAR S IR BN x AEI, FRATE PR LR AR TR AU
Frl BIF (X)X — i LB 00 B T OIUKm] DUE I bR B A AR A RAE G, JAT T T LI 4R 3 bR $fE

DOI: 10.12677/aam.2025.146332 439 I3RS


https://doi.org/10.12677/aam.2025.146332

2 R AE 5 4 IR AR R LR x Ao AR R S A REAER A P R B S BORA T R B &, )T
ERIVIARETTHE X » APEBER AKX -

_y (%)
Xn+1 - Xn f ,(Xn) (4)

3.2.2. BEEEEA

BALFPOR I T ARRE N A R AHE, TR BB R, MRS A A7 0
B, ARG B R AR S B AR SRR A BT SR AR AT T AL B 2R AR AR, MOR AR
BFSRIRAZAETY o B SR — R AR 0 AR VIEE I RE . TE H bR R 3. 28 AR, R fE Ak i%.
B A3 B B A ZR Hhy e it 2 A 7

y=ax’+a,x’ +a,x+a, (5)
AN SR e SBOE G, TR 28 S BRI A e 71, PR AR 4 A RBokk
L) i 2 TR B AT
3.3. FEEIMKRE R HRHE

3.3.1. FIEINCREE
MR YRR H SR, BT A PE K SRR, 5B E IS5 AR, X B RATSI NI AR [7]:

2
L= j:((t‘z)) 1+(3—’t‘j dx (6)

oA e S5 R BRI R S, S8 IK ARG A LR AR@E), Kailks N 16 &4, W5
15 RFE o

3.3.2. phEEIH
B8] 15 MRAE G, AR A Q)RR B SR SR SRR R:
KA K 2.2707 m,
KAAF T IK : 0.1514 m.
KA 15 A KAE R 2R 45 L WAL 4.

Table 4. Curvature values at 15 sampling points

% 4.15 PREQHHERE

PRI 1 2 3 4 5 6 7 8
iih 0.119 0.3004 0.4068 0.4318 0.4049 0.3563 0.3043 0.2571
PRI 9 10 11 12 13 14 15
ith % 0.2172 0.1843 0.1575 0.1356 0.1178 0.1031 0.0909
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Table 5. Cubic polynomial coefficients optimized by genetic algorithm
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Figure 5. Comparison between original and reconstructed curves
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Table 6. Error metrics analysis between original and reconstructed curves
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Figure 6. Reconstructed curve at 10 sampling points
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Figure 7. Reconstructed curve at 20 sampling points
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