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Abstract: In order to improve the measurement accuracy of the three-dimensional shape of the flexible
mechanism, a multi-core optical fiber three-dimensional shape reconstruction method based on curvature and
angle correction was proposed. By introducing directional angle and curvature correction coefficients, the flexible
three-dimensional deformation multi-core fiber reconstruction algorithm was improved; the multi-core fiber
grating sensing array was fabricated by using excimer laser and phase mask method, and the multi-core fiber
three-dimensional shape reconstruction experiment system was established; the shape reconstruction error under
different curvature scale factors was measured in the experiment, and the shape reconstruction error before and
after the curvature and angle correction was analyzed; Through the cubic spline interpolation of the strain and the

correction of the direction angle and curvature, the average value of shape reconstruction error was 0.74 mm and
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the maximum value was 1.64 mm; By using the calibrated multi-core optical fiber sensing system to carry out the

three-dimensional helix deformation reconstruction experiment, the reconstruction accuracy was improved by

10.2%. The research results show that the multi-core optical fiber 3D shape reconstruction method based on

curvature and angle correction has higher accuracy, showing important application prospects and values in real-

time monitoring of the 3D shape of flexible mechanisms.

Key words: shape reconstruction;

0 35l

AR AT AR T RIS N SE AT R R G, 4%
KRN (AN ZEEZE e R 2L iR L ER N 45) =
Y1 T 255 ARG Bt 0 et 2 4 1 0 3 S AORG FE 1 G
PR . TEA S S AEOE I Bk, AR IOk
PILARBUIN, B L v A, R
JEE e AN 52 BB T 50 ) S 5 i, A R PEALAR 32 3
BRI P E L k2 —, TR HAE R AT a5
B AR e A5 S W I A A 2T R ENLAR N B 3 7
LT L

I FHELF A b k% Gl (Fiber Bragg Grating, FBG)
M) RG] SEIIERAZ IR . FBG 2 25 fE L2747 8
(4 SR I e, T LA SRR A A o R Rl — il i o7
B A 2 A FBG AT LA M4 i it 22 50 75 1l 1, B
L 1R T R A B ) 5 A ] T P A A = A
EHEF ) = HOGLF LR, Z 06L& th 2R AF 4
BLE] — ARG ET v By AL B A, AR B B A i U
Pk, 25 i R 08 I & T 8 Bragg SEil, FIH 205
LR S B A 1 8% T X 25 R A T

O A — S S0 G AR % 845 B T 2 ML
P T AR £, G Shi™ A58 B T FR 1l A8 P4 R S A
1R RS . R A% R4S AN FBG A5 IR 88 4 W 1 TR A 4R
3k, JFH FBG AR ISR AT 2 S 2 1 A R EL A
Khan™ 28 N 4 1R 2 8L 1L A X 2 S 2419
ARIEAT = HE TG, B AIE T 2005 6 4 15 IR A X 32
PEALR AT IR A I A AT A7 1 o Jackle™ 48 ABESE T
FH T IS N 0 2 PEALA G LR IR ARAR 2, S0 1 3
2o A8 v AT BRI R R 25 1 R IR R AT TR IE, FE I
N A Y AR 2 R R IR 22 43 3R 1.13 mm il
2.11 mm, Zhang®™ % N #7140 7 X FBG 1% 4% B
B, KRR a7 Ak AT AR FE A S0, 43 T AR L 2
BT YR =R AR MR, R R KR 258 8 mm.
Sun' & A i H] FBG 1% 2% &% X 28 P A8 (R B 3L 3k 17

[l

flexible mechanism;

fiber Bragg grating (FBG);  multi-core fiber

3D JEAR B, FE T AN [) 35 7R G 1% 2R I IV B 52 e
1) 3D JEAR, HECF RN RG AT T X, R 25/
F 5% FEIARTE BRI A5 J7 1, Moore!™ 45 A\ #
BT R T A B ik, T B A AEE M
R R = 2 it 2 AT AR AT LA ek L ot RN A
Wi . TEECEIEE D, 2 i HLEE X1 T 7 1) #f i A48
1k, 18 3 SR fi# Frenet-Serret J7 FEHASIIR, {H 1% J7 15
FE R 0 Ab Y s TP L REA G , TCIE AR 2
], DAL TG TG 32 i B8 il 2265 0 B Y 23 [B) Ak bR, AN3E
FTHELE IR IR . Cuil™ S5 N$EH T —Fp 2 T
17 % ZhHE SR Y J7 1 ok s il A~ 1), JE R A
Frenet-Serret #H[A] . Roesthuis!"” $2 1 T 55 —Ffh Z: F[A
IRBL A7 i e R HOE R E IR . B
AN TT ZE X I A 1 258 kR B 1 [T S B 2 el 7 ) A
Ol A BN 0, X B GEES (k) EE LT
T, AT DRI AR . (B2, M L TRIPESS 1, etk
HUM ) = HE AR T 25 7 A TR A 1 B AL 5%, T LAY
RSB R IBOCER 2 R ARG R, 8 BUEOR I R
5. HHT, kG B 0 ML = 4R R4 i 479K
B MR A AR R OGS )

R = RN = 40T S EOCEF IS B, S
R T T AR M AR ) 2RO = 4EIE AR
HA T T IS 1) AR AR T R e T
Tk = 4B AR Z2 O A AL T T IR AR E R ¢
HEAP BRI B BR TR, DL RV R R S RO TR R
FARS B A5 0 5 3 A A E M AME IR 2 VR R T =4I
AR TR HE B2 5 0 it 2R BEAC IE S ) 200064 = 48P
ARFEFBAIHEAT T S50 530 5 ik

1 Z#PREMEE

1.1 MTEREIE
FBG @& oK A () Fis:
A =2n.A (1)

20200453-2



s Gk A2

% 54

www.irla.cn

% 50 A

A At FBG W0 I K 5 Ak AR A 8 R A J 3T 5
n A BT ST 3 o WU A8 B3I B 72 Ak 5 ) i 559 %
K, S IR AR LT FBG S %I K Agk 4k
W%, A (2) FivR:
Ad=A-2 )
WA FBG 575 A R A, WAL X 4F &
GEANTHL NN AS G 0T, 382 00 SR B o
T A A G R it 0 1 A e 2 AR TR AT S
A KAWL A, WA (3) FiR:
AA=25 (1 = p) &+ (s + @,) AT) 3)
K p RO HE R B e, i A K R B #OG
FE BB B2 S O T RIAT = 0, BT el
2 B AR AT R R
A, = 4,(1 = po)e 4)
SRk R A5 AR RS RELGF = 1 - p HAH
Ko FEHERE E A IS K B B 1) 07 A8 G A A )
Ak, XF FBG R4, st R E0E % i p. ~ 0.22,
1.2 ZHEREWEE
L MM R A AR A& 1 TR . MR
A~ FBG [ 51 ) it 2 AR B B, T DA 2o 47 {1 0
AN M s ] ) R BB . R, = R SR A (U f
TP g 2, L RARE RO e AR A i . R
14 P37 858k 157 B0, DRLA B 6 A R A 2 % 2 11
XoF T #0 BE A, T v gE M A R AR TR A A N
SEIN AR, FIT LA A e (A X S B 5 T A A 3 4
ARAR A, PRI SC AR SR R G I AR A T (E A 2Ok
(RN REIbEE)

FBG array

FBG sensor |

RIS Bl A=A

Fig.1 Schematic diagram of seven-core FBG
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Fig.2 Cross section of three-core FBG configuration
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Fig.3 Schematic diagram of spatial curve reconstruction

o (R0, 0.8 IR Betl /N HLAH IR ZS 7] LA Z 0 AT,
D03 (B 9 B ] 5 AR 2 U0 T, b g 2. DL TR R
(475 A Oy UL IB B AR bR 2R, AR IZ /N IR E 5K
KRZAL Y it 255 O, AR B VI Ty 1 (067 B
HE— ARG AR [T 3 AR bR 28 Th A7 B, X AR T DA dd
Tt AEA [ 5 U0 Tb i AN (] 2 A 1) ol B oI s i
g e SR as Tl i 42
1.3 HERMAERKIE
JIT i S 1) 1 380 £ 8 25 52 ) & b AR B A 52,
W HEAT LU AL IE s il 238 B OGS vk R B p AL B 4B
iE, BT A ER AT LA T i &, PR RS 0 —
MOESEL ¢ LRI IERR 1 =52, A=K (6) Fin:
keew = -k (6)
WA EEARDGET B € 2B E S H. 54h, Ot
LF A h VR B A rh o AR LA, (H 2 X SEHH AN
e e . B, AT DR S —AN 00 6 A1 B R
P = Preats Prvit (7
T AEAE— 5 i BT LB AR T 5B A
JE rearo QRN HEAT B 28 W 2, 0 T 12 0 2 JLAT I AR
T B A e, Fok £ 0(WAT (5)). XTI
PEALER, iR 22 T DL ZE AN T, (HOE X TR MpL, 2
eI RN

el

2 LEEE

Kl 4 NS ARG, W16 2 8L R IR ARG ih
ARAREMM = HER . % R G2 FBG R AR

- S
: — =
Optical FBG “
signal
— T
Fan in and fan out i
. Electrical Shape reconstruction

signal g
FBG demodulator £
software

4 SR RO REIEI . (2) SR B (b) RGP
Fig.4 Photo and schematic diagram of the experimental system.
(a) Photo of the assembled entire experiment setup; (b) System

principle diagram
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Tab.1 Central wavelength of sensors

Sensor number Central wavelength/nm

1 1543.30
2 1546.99
3 1551.07
4 1555.18
5 1559.26
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Fig.5 Curvature and angle obtained by strain interpolation
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Fig.9 Corrected reconstruction shape measurement results
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£=5.00 0.23 0.38 1.22 3.06
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