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Abstract: The soft surgical manipulator is the scientific frontier and research hotspot in the field of minimally
invasive surgery and robotics, which is very important to improve the level of minimally invasive surgery. The
existing sensing methods, such as vision, electronics and photoelectricity, have not solved the problem of
measuring the state of the arm of soft gymnastics. The optical fiber sensor arranged in a straight line in the soft
manipulator is easily broken and repeatable when the flexible manipulator is stretched and bent. Problems such as

poor sex, failed to achieve closed-loop control of the surgical manipulator, limiting its surgical application.
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Therefore, a state measurement method of soft manipulator based on helical optical fiber sensor was proposed,
and its sensing characteristics were studied. Different from the linear optical fiber sensor method, the unique
helical structure could prevent the sensor from dislocation and support the ductility of the material, which was
convenient to meet the measurement requirements of the operating arm when it moved. Based on the theoretical
analysis of the movement characteristics of the expansion and bending of the pneumatic soft maniputator, the
sensing model of the helical fiber grating in the soft maniputator was established by using the FBG sensing points
engraved on the optical fiber, and the relationship between the center wavelength drift of the FBG and the bending
curvature of the soft maniputator was deduced. Finally, in order to verify the sensing performance of the helical
fiber grating in the soft manipulator, the sensitivity and stability of the sensing were tested. The experimental
results show that the helical optical fiber sensing method proposed can realize the state measurement when the
manipulator is extended by 10% and the bending angle reaches 180°. The error between the theoretical bending
angle of the manipulator and the optical fiber sensing is up to 9%, and the sensing sensitivity is up to 12.55 pm/(°)
which can meet the needs of the measurement when the soft maniputator is retracted and bent in all directions.

stretchable helical structure; state measurement

Key words: optical fiber sensing; soft manipulator;
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Fig.1 Sensing model of a soft mainpulator based on helical FBG
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Fig.3 (a) Soft manipulator embedded with FBG-based optical fiber in a
helical configuration; (b) Top view of the connecting surface;

(c) Enlarged state of the FBG-based optical fiber
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ipulator is encapsulated in a layer of silicone to anchor the optical
fibre; (d) Kevlar fiber is wound along the manipulator; (e) All
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Fig.5 Experimental setup of for measuring compression and bending movements. (a) Optical fiber sensing system; (b) Soft manipulator and its

pneumatic driving control system, etc

1610 nm, 4%k 35 kHz, fie/NM3 PR K 0.5 pm, o]
DG 2R A —-80~20 dBm.

580 AN [R) (4 3K 2 S, RO ER ERE i
REWE 6 (ay~(g) i, HE 6 iTLLE L, & A
AU HE R, B SRR 0 A il R R, BT 7
JIT 7R R A AR 2 i AR B RN N R Z M E R 1Y
SHGEE AL, Ry T R S B A R TSR, A S
¥ HEAT 10 DL L, SEER A5 B3 (E . A EI AT
DAXTEG & B, o T 3R AR AR SRR AR, BT AFEAE
R 2, (HSEG 25 b 5 i A\ R A R, 25 AR Bl
KR,

8 FT 7R G i AR B B AR R AN TR 2 iR S
T 3L S A R SR A5 2R, 5] 8 H)
A, 3 A LR S A 04 e YR A B AR VR 2 i A
(38 RT3 A, JEM A 1 7E AR TR HORES T A9 HoL
KA3H10 1549.025, 1549.2272, 1549.317., 1549.536 .
1549.769 3. 1 549.919 5 nm FI 1550.341 8 nm, JE:H} A
2 TEAN A 2 RS R A PO K 43000 R 155 2.756 2.
1 553.086 8. 1 553.243 5. 1 553.687 8. 1 554.130 5,
1 554.448 2 nm 1 1 555.016 2 nm, Gl i 3 7EA 725
MR ZS T B9 o PR 2 5l o 1556.675., 1 556.797,
15569813, 1557.1473 . 1557.256 8, 1 557.332 nm #ll
1557.4253 nm.

3 AN R A5 0 P R TR e AR
i A B Z A C R W B 9 Bt , iR 9 T, T
3 A LT AR AR o3 K 7 AR 45 A 1 JEC B, v,

(a) 0° (b) 10° (c) 30° (d) 50°

(e) 90° () 130°

(g) 180°

6 HAERARE (e AT A Y S

Fig.6 Snapshots of soft manipulator with different bending angles
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