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Abstract: Due to the high flexibility and environmental adaptability of remote-operational manipulators, they are increasingly used to
complete tasks in special situations. An FBG sensor-based glove for the remote operation of manipulator is proposed to meet the demand
for high-precision remote operation of manipulator in hazardous environments. A bending measurement model of fiber Bragg grating
sensors in gloves is established. The central wavelength variation of fiber Bragg grating sensor is found to be directly proportional to the
bending angle. Combined with the control of the manipulator servo, a method for remote operation of manipulator using fiber Bragg
grating sensors is proposed. The upper computer software is developed. The process from the center wavelength of the fiber Bragg grating
to the bending angle of the finger, and finally to the controlled encoding of the manipulator servo is implemented. The design and
packaging of the fiber Bragg grating sensors are completed. There are a total of 12 FBG sensors with a length of 10 mm in the four
detection fibers of the gloves. Among them, 11 FBG sensors are deployed above the finger joints for bending sensing, and 1 FBG

temperature sensor is used for temperature compensation. The FBG sensors are packaged with 704 silicone rubber. A remote operation
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system for the manipulator based on fiber Bragg grating sensors is built, and the fiber Bragg grating sensors are calibrated. The

experimental results showed that the average bending angle error was 1. 147° within the range of 0°~90° bending of the human hand

joint. The determination coefficients of all fitted lines are greater than 0.993. Finally, a human-computer interaction demonstration

module is designed to display the movement of the human hand. The glove based on fiber Bragg grating sensors proposed in this article

has the characteristics of miniaturization, high precision, and resistance to electromagnetic interference. It has potential applications in

spacecraft in orbit maintenance, remote medical surgery, high-risk mine clearance operations, and so on.

Keywords : FBG sensor; remote operation of manipulator; human-computer interaction; bend angle
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Fig. 1 The bending measurement model of FBG

sensor in the glove
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Fig.2 Diagram of the composition of the manipulator
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Table 1 The meaning and example of control commands for the manipulator
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sensor in the glove
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manipulator using FBG sensors
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Fig. 6 Diagram of the remote operation system of

manipulator based on FBG sensors
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manipulator based on FBG sensors

A SCEF XU T 2 A B AR R A R TR TR T —
ML TR MG B AL T R 442 T, x T8
B PUESRIDGCER th 3y 12 DX EE ) 10 mm BOGEF
JOHME RS b 11 A R B R A N T 5835 Y B J7
HEAT 2 R, 1A TR AR IR T TR AN, AL T
FE G ML B 125 il AR R R BN T
25 i A RSO ET G Y P P AR Al 2 ] RRE L G
F o AR RE AT BB R A RER R BORIEEE A
B, LAY, A A BRI E R R T
0.993 , 7E T2 M 0° ~90° (3 Fil A, -4 25t A 2
MREDR2E R 1. 1470, TEARRMBETE b 0 2 57 H AT
ANTF AT AR, IF IR F A OCLT ML S S
LU T BRI, ML T I R T2 E A IR 55
T ST TR R HEE L IR RS R,
&% 3k
(1] e, Bk, B RENLAR TN BLAR B 5C B HAR B

FE[1]. T HIBEPHE, 2019, 16(4) : 133-134.

LEI G, YIN F L. Research on the status quo and key
technologies of intelligent manipulator [ J ]. Wireless
Internet Technology, 2019, 16(4) : 133-134.

(2] XV&R, X, e = AL T R GETEPURE 40
AR AR s [ T]. TSR, 2017, 38(6) .
630-637.

LIUD Y, LIU H, LI ZH Q. Calibration strategy of space

manipulator system on-orbit servicing fine operation[ J].

Journal of Astronautics, 2017, 38(6) : 630-637.

(3]

[4]

[5]

(6]

[7]

[8]

(9]

[10]

[11]

Griie, BRI, ke, S — MO ALAY N B BT =
PR ER 5 M HIE[T]. AR, 2008,
29(1): 55-60.

YI X H, QIAN J W, ZHANG L. W, et al. New algorithm
for 3D shape reconstruction and orientation of endos-
cope[J]. Chinese Journal of Scientific Instrument,
2008, 29(1) : 55-60.

WAk, Wi, SRR, S B AEN BB AR A
AT AL 7k BF 5T (1], AL AR AR 2= 4k, 2014,
35(12): 2725-2730.

SHEN L Y, XIAO H, QIAN J W, et al. Shape
reconstruction and visualization of intelligent endos-
cope[J]. Chinese Journal of Scientific Instrument,
2014, 35(12) ; 2725-2730.

FUJIWARA E, WU Y T, SANTOS M F M, et al.
Development of an optical fiber transducer applied to the
measurement of finger movements [ C |. 22nd
International Conference on Optical Fiber Sensor, 2012.
84212H.

W, RARES, BA T, . ZERRIEROULAS AR
AR A E (L7 ik ()], UER R 22 4, 2015,
36(12): 2782-2789.

QIU Y, SHEN L 'Y, HU W ], et al. Shape rebuilding
and positioning method of search and rescue robot
endoscope in ruin crack[ J]. Chinese Journal of Scientific
Instrument, 2015, 36(12) . 2782-2789.

FUJIWARA E, WU Y T, MIYATAKE D Y, et al
Evaluation of thumb-operated directional pad function-
alities on a glove-based optical fiber sensor[ J]. IEEE
Transactions on Instrumentation and Measurement, 2013,
62(8): 2330-2337.

T, FRE, RS, . TR RS S bl
W ATFHERRGEVOHT]. AUERA S HOR, 2022,
41(8): 1247-1253.

LONG ZH, LU CH Y, LI G P, et al. Design on mobile
robot gesture control system with visual gesture
recognition[ J ]. Mechanical Science and Technology for
Aerospace Engineering, 2022, 41(8) . 1247-1253.
ZHOU ZH H, CHEN K, LI X SH, et al. Sign-to-speech
translation using machine-learning-assisted stretchable
sensor arrays | J]. Nature Electronics, 2020, 3(9):
571-578.

wAIR, TR, M. LM TLI]. W
BERHA, 2017, 7(7) :12-13.

MENG L D, FANG ] J, ZHOU Y. Wireless
somatosensory biomimetic robotic arm [ J]. Internet of
Things Technologies, 2017,7(7) :12-13.

ZHU Y H, JIN J, WANG X W, et al. An FBG sensor



57

R 5 —MET LM AR LI T e s T8 155

[12]

[13]

[14]

[15]

[16]

[17]

(18]

placement method to achieve long fatigue life and high
measurement accuracy in deformation sensing of satellite
solar panels[ J]. IEEE Sensors Journal, 2024, 24(1) .
318-328.

MAJEAU L, BORDUAS ],

Dataglove for consumer applications [ C ].

LORANGER S, et al.
2011 7th
International Workshop on Fibre and Optical Passive
Components, 2011: 1-4.

FUJIWARA E, ONAGA C Y, DOS SANTOS M F M,
et al. Design of a glove-based optical fiber sensor for
applications in hiomechatronics[ C]. 2014 5th IEEE RAS
& EMBS International Conference on Biomedical Robotics
and Biomechatronics, 2014 786-790.

FUJIWARA E, MIYATAKE D Y, DOS SANTOS M F
M
sensor for applications in human-robot interaction[ C ].
2013 8th ACM/IEEE International
Human-Robot Interaction ( HRI 2013), 2013 123-124.
FUJIWARA E, DOS SANTOS M F M, SUZUKI C K.
Flexible optical fiber bending transducer for application in
glove-based sensors [ J |. TEEE Sensors Journal, 2014,
14(10) : 3631-3636.

ZHU Y H, JINJ, ZHANG D W, et al. Analysis of strain
transfer in FBG-based embedded optical fiber 3-D shape
sensor[ J |]. IEEE Sensors Journal, 2023, 23(4) . 3655-
3665.

SILVA A F D, GONCALVES A F, MENDES P M, et
al. FBG sensing glove for monitoring hand posture[ J].
IEEE Sensors Journal, 2011, 11(10) ; 2442-2448.
JANG M, KIM J S, KANG K, et al. Towards finger
motion capture system using FBG sensors[ C]. 2018 40th

, etal. Development of a glove-based optical fiber

Conference on

Annual International Conference of the IEEE Engineering

in Medicine and Biology Society, 2018. 3734-3737.

[19] JHA C K, CHAKRABORTY A L. A fiber bragg grating
strain sensor-based glove to accurately measure the bend
angle of the finger flexed at the proximal interphalangeal
joints[ C]. 2018 TIEEE Sensors, New Delhi, 2018 563-
566.
EEE T

REB, 2017 T PHIL Tl R 3R AG
27,2024 AETFALRUUZE MUK KA AT
LA, B AL U B R U, 2%
WFFET5 1) R AL TR FDL R R 4

E-mail ; zhuyunhong@ buaa. edu. cn

-

d;:

from Northwestern Polytechnical University in 2017, received his

Zhu Yunhong received his B. Sc. degree

Ph. D. degree from Beihang University in 2024. He is currently a
lecturer at Beijing Information Science & Technology University.
His main research interests include optical fiber sensor and
optoelectronic systems.

BUER CEASHEE ), 53 9IHE 1984 4F Al
1989 4F 4 HE Tl 27 34T 2 - 2 i AR
SR, 2013 ARG RS Tl KA 3R AT+
0L BN AL BUE BB R R, EEWE
FEITT DAL AR DL BOL Dt
KRN ARSE
E-mail : 1qzhu_bistu@ sina. com

Zhu Lianqing ( Corresponding author) received his B. Sc.
and M. Sc. degrees both from Hefei University of Technology in
1984 and 1989, and received his Ph.D. degree from Harbin
Institute of Technology in 2013. He is currently a professor at
Beijing Information Science and Technology University. His main
research interest includes fiber sensing technology, fiber laser,

and opto-electrical precision measurement technology.



