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Error analysis and calibration for FBG shape reconstruction
based on non-orthogonal curvatures
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Abstract: In order to improve the accuracy of FBG three-dimensional shape sensing reconstruction, this paper proposes a temperature
compensated detection method based on non-orthogonal curvature, utilized three FBG arrays to constitute sensor networks. Based on
analysis of the system error components and the error causes, the influence of each component error on the 3D reconstruction accuracy is
obtained with simulation model. The results show that the key issueto reduce the installation angle error can improve the 3D
reconstruction accuracy. A new calibration method is proposed due to that the difference between the calibration direction and the
installation direction brings the change of the measurement calibration parameters. The experimental results indicate that the proposed
method can reduce the maximum error ratio of 3D reconstructed to 0. 16% , which provides a reliable detection method for high precision
3D shape sensing system.
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Fig.1 Diagram of the FBG flexible sensing system
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Fig.2 Principle of space curvature detection based on
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Fig.4 Installation error
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Table 1 The installation error of each monitoring point
A L 15 25/ mm AHXF IR 2/ %
1 1.49 0.17
2 4.34 0.48
3 8.78 0.98
4 13.7 1.52
5 20.74 2.30
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Fig. 8 Calibration error in calibrating
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Table 2 The calibration error of each monitoring point

D h B RFE/mm HIXERZE/ %
1 0.84 0.09
2 1.91 0.21
3 2.62 0.29
4 3.50 0.39
5 6.60 0.73

2 P R R BRI A R R B IR ZE N 6.6 mm,
R s A 7 A R GL i RIS 1R 220 0. 73% o X R4y
RN LR IEB

4 REMBEFERZERSHT

3 1 S AT RS 56 UE B, 24 5 s A ) 1R 25 T2
R ARG EARE OGS, R T IR 0 Y
PR2E  ARSCIR AT BIARE T 5

)[Rl 8 45 A o5 i 3 4> FBG 1Y K ., B 4G
P VAT B T e/ il 2 42 (5 I 19 P, ) e A 0
B B A AT ARSI 7 1] @ b FBG VRS R Bk, T b B
a.b.c3 DKEMTTI - FBG 10 K s B sl A 1, 43 )
MR 7 b e b FBG R i K, LRI AT a.
b.e 3 MK JT 1) FBG By LK

2) Hi BRAR TR 1) AR R I A A ARG A 7R R ] g 3R
B PGS o & T e R8T Rk
BB R TR IE B8 K, K5 K, A



2

BN e AFIESE FBG FoHF 28 BUBAR T 15822 407 i 391

K, J7 R A AN I 16 FBG 28tk 28k K, 5 K, |
K. 710 53 ANBAJ5 ] FBG AL REL K, 5 K, , DA
K K, O F BN 71 FBG B 28K, 5 K, .
HH K Kopn 5 Koo MEAZAGIN 55, 3 AN 1) 4% &
#5 K{H.

3)AKHEF(25) al AL -
ab Klm
6, = arccos K. = arccos K, (25)
K(l(‘ Kf‘ll
f, = arccos ——— = arccos (26)
ch K[m
6, = arccos = arccos (27)

K K

cmax bmax

K, Jim~¥kse,56,,06, =27-6, -6, ,1E
10 fizn o [ EAR UGS K, J7 18 R #K,,,, J7 18 i £6;
M7 I, o 6,45 6, 16 AN [R) I 4 7 [ R A] REAY
P22 5, R IO 2 YA A T [ ) B, PRk
HBIE,

FERTI T [fa B A
i

ab J Hac

LERTITT 17l ¢ T AR

AERI 5 F b 6,130,

0,50,
K10 bR drik
Fig. 10  Calibration method

FHAZHRRE 7 12 A I 1 3 A LS AR AN 36 3 s,
WA 2RI AT a b e 3 AN T7 1 e M, KK
TS AR SR AN 7 1) B A IR 4 BT

®3 BRUR3I=ZAHTEEXRBIRESER
Table 3 Calibration results of three directions in point 3

77 17 6., 0, 0.
amax Jj [i] 123.48° 124.27° 112.25°
bmax Jj'[n] 115.09° 120.40° 124.51°
cmax J7 [fi] 121.62° 125.56° 112.82°

Wl 120.06° 123.41° 116.53°
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Table 4 Calibration results of three directions in each point
iRl IS 0. 0, 0
1 121.26° 118.90° 119.84°
2 120.04° 120.08° 119.88°
3 120. 06° 123.41° 116.53°
4 118.70° 125.61° 115.69°
5 115.19° 128.50° 116.31°
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Experimental system of 3D shape reconstruction

Fig. 11

TE BEAR XA E B O0 T, 30 5% 10 I8 , 115 4%
AL A O B R 2E A L B IR ZE AR S Frn. B
RURZS N B 11 A SR PR AT A AR R 58 4k F— 4>
AL R T R GATAE R, T B I A
A AL E R A e, AN SE R AE R —F N, B AL E
R, RS AT LIRS B IE MR Z G e R E
BRZEN 2. 28 mm, KA IR ZE N 0.25% , RAEIE S JE
TRZE I e KA B R 25 0 15. 57 mm, fie KA R 22 0
1.73% o SEHRE W IE 22 56 #f B 1% 22 7T AR 35 42 v &
G R FA BORE L

x5 ITWIFRNLWLEIRE
Table S The position error of each monitoring

point in experiment

-y B B REIEME  REBIEME
G
LB RZEE/mm AN RZE/ % PLETRZE/mm AHXS R/ %
1 0.21 0.02 0.65 0.07
2 0.59 0.07 1.76 0.20
3 1.12 0.12 4.48 0.50
4 1.63 0.18 8.48 0.9%4
5 2.28 0.25 15.57 1.73
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