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Abstract: To solve the [lexible sensing measurement problem of {lexural bending of soflt pneumatic
drivers, a method of curvature measurement and shape reconstruction by embedding fiber grating into
a strain limiting layer for a soflt pneumatic driver was proposed. First, the relationship between the
spectral characteristics of the fiber grating and bending curvature of the strain limiting layer were the-
oretically analyzed. Then, a device that performs soflt sensing, demodulation, and curvature calibra-
tion based on the spectral characteristics of fiber grating was developed. The characteristics of the re-

flection spectrum of fiber grating under different curvatures were experimentally analyzed, and the
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curve of the center wavelength shift and change in curvature of the {iber grating were calculated. Fi-

nally, the curvature values of a soft pneumatic driver under different bending states were calculated,

and the deformation shape of the soft pneumatic driver was reconstructed. Results show that the cur-

vature measurement and shape sensing of the soft pneumatic driver can be realized by changing the re-

flection spectrum of fiber grating embedded in the strain limiting layer. The maximum error between

the measured values of the fiber grating sensing and soft pneumatic driver curvature is 2. 1%. This fi-

ber sensing method represents a promising application for soft sensing and closed-loop control of soft

pneumatic drivers.

Key words: optical sensing; shape sensing; fiber Bragg grating; curvature measurement; pneumatic

driver; polyimide [ilm
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Fig. 1 Principle of surface reconstruction
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(a) Schematic of polyimide-based strain limiting layer
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Fig. 2 Polyimide-based strain limiting layer

Wa%  FBGI
I | '
| ASE il |——<—>— P

| e
it

B3 AR Sh IR A% 25 i 2 FE 1 5 g S 2

Fig. 3 Experimental principle for bending deforma-

FBG2 FBG3

RARME  pepun

tion test of soft pneumatic driver

(&1 3 Ay S 00 2% TR, A B 9 R A AR S Bl
WS FEA T FBG 12 8% 8% 1) 4R IV il 387 5 1 A%
PR 2 L K& FBG I &R 4. FBG KR % R
P IV i 17 72 B 22 Y S DGR OGS AU RN A EE A
B EAIHLA S, BTk 3 R FBG BY H 0
K435k 1 573.38,1 579. 06,1 585. 53 nm. %
KEMHOEE AT S VR R AR R Dy B ke , A
FBG RefE £ 25 il Fr (B DT e 2R 1k 7 Bl 17 2% B o]
JEH) M B &L B IXKC S 10 mm. G
70% .4 98 0.5 nm, WA KT A 70 ms. SRR

5k Lightpromotech M1043-13 ) ASE ¥ %
U HOEIETE B 1 529~1 605 nm, it Zh
HH 13 dBm, fill OGN T 2 dBL 45 10 ST
& FC/APC. R H # 5 & YOKOGAWA
AQ6370C MIEIEAUAE eI FBG A5 5 1 %
LI E LB 600~1 700 nm, JiF K M 245
M E£0.01 nm. K H RN 0. 02 nm, HHRK
—90~-+20 dBm, Pl & Hf Rk 0. 2 s, B E N
100 nm G IEAL U 1 FBG B9 I 9 15 5 Bl 14 2%
B AL IR s B A S . R AL
¥ Matlab 5 LabVIEW BX U &9 8K 08 X35 5 #2847
Aab B S B T A S B R, R 3D R & 4
hy S8 2% B S

el

FBG—

S Eh A Bl a5 F R 2R R 2
[ 4 B BD IR A% L T S e B

Fig. 4 Experimental setup for bending deformation

test of soft pneumatic driver
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