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Error Analysis of Spatial Shape Reconstruction of FBG-based Thin Plate
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Nanchang 330099, China)

Abstract: [Objective JIn order to realize the rapid and accurate detection and reconstruction of the spatial shape of the plate struc-
ture, a 4-point Fiber Bragg Grating (FBG) string is surface-mounted on a high-manganese steel thin plate to form a shape-sens-
ing unit. Leveraging the advantages of FBGs-lightweight, compact size, high sensitivity, immunity to electromagnetic interfer-
ence, and wavelength-division multiplexing-the system integrates a reconstruction algorithm to achieve shape sensing and visual
reconstruction of thin-plate structures. [Methods] The principle of curvature sensing and spatial shape reconstruction of thin plate
after temperature correction is analyzed. The temperature and curvature calibration experiments of thin plate structure based on
FBG are carried out. By fitting temperature sensitivity, curvature sensitivity, and the relationship between curvature and wave-
length shift, six curvature combinations are derived. Then the curvature interpolation algorithm of linear interpolation, quadratic
function interpolation or cubic spline curvature interpolation is used to interpolate the curvature, and more discrete curvature points
are obtained. After the coordinate information of the thin plate is obtained by the coordinate transformation of the curvature, the
spatial shape of thin plate is reconstructed by using B-spline surface fitting. [Results]The curvature sensitivity of the sheet metal
is experimentally measured as —0. 154, —0. 248, —0. 257 and —0. 235 nm/mm, respectively. The error of surface reconstruction is
significantly reduced by temperature correction. Among these methods, cubic spline interpolation achieve the lowest error in both
single-curvature (1.86%) and variable-curvature (2.04%) surface reconstruction, thus exhibiting the superior performance.
[ Conclusion] The proposed method effectively mitigates environmental interference through temperature correction and enhances
the surface reconstruction accuracy by employing a cubic spline interpolation algorithm, thereby enabling simultaneous prediction
of displacement, curvature, and shape in thin plate structures.

Key words: FBG; thin plate; curvature sensing; temperature correction; shape reconstruction error

0 3 = KA e AW TR, TRAT B8 A 4 ) B IR 1
= i fy B 62T A7 Bk OB M (Fiber Bragg Grat-

B WS R R TR, AT IR LIS I FF ing FBG) BARE R4 R G R AT
45 X R A 7R B AT i B T R M SR R A R TT U403 IS 1, 5 T S R GS M 42 1, S o
i S5 AN ) WO ST 2 K R ARG I, R WIS R IB 20, 2017 4R, Xu %1438 it Il B FBG

Wik H 9 - 2024-08-01;5 &1 H #1:2024-08-15; TS5 b F I - 2025-10-10

HEAIUE LV A B TRV BT E (GII211911) VLV 2023 4F 3 K24 2E B I I 2534 ¥ B 95 H (S202311319014)
PR A - AS WG (1988—) , 5, B RUR A o AR, A1, FEBEHFTE 7 Il G LT AR IR R

EAEIEE 22 A E P2, E-mail: pengxingling0223@163. com

© Editorial Office of Study on Optical Communications. This is an open access article under the CC BY -NC-ND license.

240164-01



S AF IS

20254 5] RS 251 1)

() I 4 AR A S BT K 5 ARCIR 45 il % 2 1) 1
e AR ZELH 2. 7%;2019 4F, Jackle 255045 T —Fh
%18 FBG &5 [ & 6 B 7 vk H T i E i
Dk AEIIE S JE il 2k 5 A P 3R 25 4 B oA
1.53 F1 0. 47 mm; Bl J5 , X0 55 88 45167 H ith 2%t A
AR5 M H AT B AR E M, P A XR 2N T
4.53% ;2024 4F | F 2 55 05 i = OB S AR A il R
I (8 )5 F A0 99 Al A i 437 % AR X 1R 25 7 0. 55%~
8.30% i),

AR PYAMIFIE N RS T R 5 K 2 B Y
Wi g MR i R AE A i A AT
TE R F A, {0 38 A% S5 TR 2R ok o A A 22
T AR AT P K s, BT FBG X R R
R T A Ak 2 T SO R R 25, I HLth S E
T3 15 I AN TR) £ 0t — 25 552 i1 23 090 0 1 AT 5
TEAREARE B o WO SCHESE T 3T FBG A9 AR 25
¥ AL B S T AR A Sk 4 T 0] HEAT IR B
EM £ 5 FBG MR35 A L, 200 e T8 1E R
Je AN TR A7 F 5 12 ok 17 i T B A 05R 25

1 ERFEBUREHEZE

1.1 FBG fi EEBKFEE

FBG R 0 B A2 A i A & T 0 48 e Fil
AR LR AT B R

Ay =k.e+ kAT, (D

ek, S AR R ZRA ke IR REUE AL

i B AR SN b, AR B Ly, AR B
JC¥E R AL BN 0, R EOT 2 il AR
op % JE B A AL 1 s o

FBG L,+AL

FBG L, h
[ Hn

H1l mERAEH
Figure 1  The principal diagram of strain
HRAE B4 RE 7 2 JE B, oy SCRRL 1O A& 1 m] 45
e R T R K RBA N
AL h

- Ll :gKo (2)

B ORAR (D) A, X FBG Y A %L,
hK..

A8 8 i R R A SK,:T“,KE, K R

FBG X} N [ R A4S R, nf 15 2 55 FBG #% K, 14

Mg R IK AN

€

K, = é (A — KT ), (3)
A ARy, B 7 8 FBG X R A i Koy il
JERBUE . 153 Ky Ja MR EE S R A AH R K A8k
HEATEIE, e AP I AR Ak b 25 vy g 51 7S , EBE Ay v
B S T R R
1.2 HEMEHE

i FH I o R4 5 A e A A O R KA
(BRI = UCRE A5 47 (8L, 3 5 ity 23 4 {1 592 B0 0 it 3 1y
P RLEZAL .

LA A {1 S DA — Ik 22 30 1 4 18 7 =0 it o
5K B BLZAE IR R GV 4 8 125 78 B AH <R 1
[T =l 6 I R (= - 7 N SO G A < 8
K (s, R K

K (s)=as+b, (4)

AP, a Mo 2R W ek EU (E 2
FIR AR 3 AHHAB I A (o, 30)  (2y, 1) Bl (a2, y2) F4 3
— AR Z I A 2 0 2 G s A #) it
Rz FRA N

K (s)=as" +bs+c, (5)
A, e MZIA R

SRR AR R T A — R S o B =
PR AL B W — 4506 26 3l o SR i — e i 4l
ot o3 Bl e pR B2 A A 0 R T R i ]
ST AR,

K, (s)=a; +b;, (s—s, )+

i (s—s, P+ d(s—s,..),
S, < s<s, (6)
A Ko () 05§ Bel X R I 1R 5 iy by o
i BIRE ¢ Bl B =R R B R
1.3 FHEALHRTHREZE
V3% 2 1 il R AL R R AR R (27, 200114
2= R;,(1—cos0,)
z,= R;sin 0, '
A ROH B AR 0, 5 7 Bery IR A

B U IR R Py = (2,2, 11T, 5
i KIS UE AR T R

= Ro, P, (8)
A Ro HEG @ IR FE B s PO o 1 YRS
yiEl

55 0 m ) BRI SRR B Ta, T 278 Ry L0

(7)

T.»’\i: TB;""TP,fo (9)
55 0 MU ARRR P A XOZ bR R R RN N
PAi:TAr ifl)PBz'v (10)

240164-02



P TR

BT FBG A (]8R A4 5 22 43

o Pa B 1S TE XOZ A bs R AL HR 5 Py B
S i AERT— AR R B AR s T WA -1 SAE
XOZ bR Z i R FF R B B . i Jm A F
TET A s 78 80 S A e 1 Y ot 23R A B BIGL 1 A bR R 2
J5 L FERI T B AR 2% it T AR SR A Bk e
O NTTRRE

2 R EMER

ST A RN B AN R 2 B, 16 G a3 R
HAWRAR AWK HEIIN 1 pm KR
+5 pm #J BGK-FBG-8210 it £F )it Ml it 1 4% ic %
FBG 0 P i A8 4k 5 3 FH v PR Sl A FRZA )
CS501 8 2 H TR 7K ¥ A by Tk J32 A o 552 3 412 {3t 4 7
BT R RS B 0.1 °C ;5 38 B 58 B 66 79 045 R FEY G
(PMMA) 1E il 2645 & BB, & il 7 K 43 51 R
11.76.13.28.15.38 #1 17.39 m™' fi§ PMMA %5 0>
B FH PR E=220 GPa BRI BN, N T T
BEK LA 160 mm. T w K 25 mm JEE L Rl
0.2 mm PYHETE AR s il TR THRE (db ) B4
HIRAFEFER 4 55 FBG &, 1) B FBGI~FBG,
A I AR 90 1529, 99 .1 537. 51,1 545. 03 Al
1 552. 55 nm, fH%E FBG [H]F& 40 mm; >k H 2.5:1 3F
AR AB IE ¥ FBG H 1 3 DL — 52 /Y 10 F7 7
e R D 3] 5 4 2% T 7 BT IR A% R OT

= e
(a) 5 7 3 5 9 L

(a) Curvature calibration block and demodulator

(b) 3T FBG H # # 45 1
(b) FBG-based thin plate structure

B2 FMEikEg

Figure 2 The related experimental equipment

3 BRERBTHERIRE

3.1 BEHRERW
BRI FBG HB B 0 39 Al & TR g TR K

BRI FBG &0 — i 5 g R A 4 . e
TR FE KR 25 T E 60 °C, 1M 60 T
H#E 25 C, B M R 5 Cidsk 3K 4 4l FBG MK
s B BCE Y E R bR e e an & 3 s

1565

P!
1560 F B
Lsss | Ap=0.019 017+1 529636 FBG, |
E 1550
£ 145=0.020 72T+1 537.351
B T e
1540k A3=0.013 71T+1 544.763
1535}
X,=0.020 35T+1 552.311
1530 B : : s

25 3'0 35 40 45 50 55 66
B EIC
A A K A ~Ay, B FBG ~FBG, 3T k7t 3 & .
B3 BEARTHE
Figure 3 The calibration curve of temperature
H T v I B A il 2 A B IR R R U R
Ko Ko Krs AR Ky 53 908 19.01.20.72.13. 71
1 20.35pm/C,4 4 FBG R T X F K A 04
HARE R 43510 0.99.0.99.0.98 LI K 0.99, 45
RERE SEKERIFWLIERR. BT FBG
B2 FH 0 00 650 21 S8 IR AB B e i X B A 3¢
= I K R %L, 4 4 FBG T8 RS R E0 s T
# FBG BT RBUE R E(ZY 10,5 pm/C)H,
3.2 HMEREZR
W v B N AR T A DL B B B o B ATt
R S, SER I E R 27,5 °C, S ik R R
LT R 5 g PR SOR % R EE IF i sk O R I AR A
e — 2 i RS0 d A 3 YOO A, il o e/
e 45 B il R R LA UL R ith bR R il £

4 R .
1560 FBC,
1555 FBC,
Ap=—0.154K+1529.866 —  £BGs
1550¢ o FBG,
EDBT ) =-0248K+1 537.680
<1540 F R
Lsas Ap=—0.257K+1 544.850
1530 F A=-0.235K+1 552.862
1525

1|2 ll3 1I4 ll5 1‘6 1I7 18
K/m™!
B4 WFEKRTEL
Figure 4 The calibration curve of curvature K
FBG Z#WEERY IR ), F B FBG WK S
il 5 A G, il AR R Sk 2300 O —0. 154
—0. 248 .—0. 257 f1—0. 235 nm/mm, 4 4 FBG [l %

240164-03



S AF IS

20254 5] RS 251 1)

KT WK A LGS PLE R2 0514 0.97.0.99.0. 99
VI 0.99, 22 B il % 5 0K 2k KRBT

4 ERERGEENH

HEENE
I A5 5 B 4 Bl R 41515 2 6 Bl B0 AY ih
B M 1K K=11.76 m~! % 5 il 2 il 5 1% 0 2
S K=17.39 m™! iy B il S iy 1 5 1 0 3 A B K=
11.76 m™' Al K=15. 38 m~" #4) & fit 0L iy % iy i ; 15
B4 S K=13.28 m' fll K=17.39 m' #4 1& A9 X

100 -

4.1

80 -

60 -

z/mm

40 -

20 -

(a) L1

(a) Situation 1

0 T
%100 20 40 60 80 100 120 140
x/mm
(c) B3
(¢) Situation 3
100 -, i
L i
(4
80 - mmm =@
W E
= 60 -
£
Y40
20 -
0
10 0 =
7 _ 100 150
, 10 50
“ 0 x/mm
(e) IS
(e) Situation 5
A 5

om0 5 bl K=13.28 m™' . K=15.38 m™!
A K=17.39 m' #g 15 B9 3 it 2 i #5146
i K=11.76 m!' K=15.38 m ! fl K=17.39 m™!
Fag iy 3 MR IR B IR LL 20 Coy R 4
S I R A R R 22 H R 7.5 °C A 3 B
G e A B A IR RE R BURE F BRI 3 R R R AR
A (3) T3 R A& IE 5 Al R TR 4R P 4
B W R BSCH R — WO R4 (i AR 14T it 2R 4
{F R T A IS 0 A5 3 6 Fh G0 %) T A
5552 B 4 il AT FE A 5 TR o

60 -
50 -
40 -
£
£30
20
]
10 - ) (4 g
. T ( % g
0 - m wk i
5 100
¥/mm 100 x/mm
(b) a2

(b) Situation 2

x/mm

(D 1F A4
(d) Situation 4

SEBRgh
= (G
VA Y 14
60 - = A | zzﬁﬁ &
£
E 40
20 -
0 -
10 -
Py, -10 7 50 100
x/mm
(OHFR6

(f) Situation 6

B EAS EJE 6 AF i &

Figure 5 Six types of curves after temperature correction
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Table 1  Error comparison of curvature interpolation

methods (before temperature correction)
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Table 2 Error comparison of curvature interpolation

methods (after 7. 5 °C temperature correction)
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