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Development and research of upper limb rehabilitation device based on pneumatic tendon hybrid
drive
GAO Dadi, ZOU Renling, WANG Qiming

School of Medical Instrument and Food Engineering, University of Shanghai for Science of Technology, Shanghai 200093, China

Abstract: Objective To design an upper limb rehabilitation device driven by pneumatic tendon hybrid drive which can increase $
the flexibility of the rehabilitation training device and reduce the likelihood of the secondary injury in rehabilitation training, as
well as take the pursuit of rapid and high-efficiency rehabilitation of the shoulder joint in consideration. Methods Firstly, the range
of motion angles of the upper limbs was determined according to human factor engineering, and the forward kinematics was solved
by D-H method, thereby obtaining the motion trajectory of the end of exoskeleton. Then, dynamics modeling and analysis were
performed, so as to determine the torque required to drive each joint. Finally, a reasonable control system was designed, and the
mathematical model of each joint motion of the device was established, and the rationality of the control system was verified

by Matlab/Simulink simulation. Results The motion trajectory of the end of exoskeleton, joint motion angle and driving torque
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of upper limb rehabilitation device driven by pneumatic tendon hybrid drive were obtained, and the control system of upper limb

significance for the development of training equipments for upper limb rehabilitation.

rehabilitation device was realized in the study. Conclusion The result provides a good reference for the upper and lower machine
program of the control system of upper limb rehabilitation device driven by pneumatic tendon hybrid drive and has guiding

Keywords: upper extremity exoskeleton; pneumatic tendon; kinematics analysis; dynamics analysis; control system
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Fig.1 D-H matrix coordinate system of upper limb rehabilitation device
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Tab.1 D-H parameters of upper limb rehabilitation device
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Fig.2 Trajectory of the end of the kinematic model
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Fig.3 Simplified model of the adduction/abduction of

shoulder joints
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Fig.4 Simplified model of the flexion and extension of shoulder

joints and elbow joints
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LA 2. SR B AL F 5 3. AL LU A1 5 4 4 I DG RS UL ; 5. A BEAL IR 5 6 6" R DT T MUK B UNE 5 7. FA BE AR RS 5

8. JH S ISR FL AL A 3 e et

3 ERRERERFRGEREHE
AR SO A IR A2 28 iR O S 51 T A
Py SR 3 8 M TUE iz Sl . FEE P

A 1] 5 S IRRE T A, 8 W R OBl AT G B Bl
OGS IR 22280 — X TSR 5 5 A
RE TR R AR 4, FE A S LR ) 22 51 T Bl Fe TR



8 = - 955 -

AR SIERNE 28 sk R SRS R PP S RS 0, B
RN E IR A s ik =, e O I ER L O 00, 571 AR YA S5 038 s s ) b 9 1 e 4 o Xof S e

OB g 2 1 K =10, S0 0 RS W AT RS W O 5 7 5
HR A 52 ) J BT 4 37 1) Chou #8781 ™) 31430 5C 7 JRJE T TR AR AR T SR iz 3 .

bt S U= 0B S JE KA P A 2 30 o L B AR ol
P F =B 0 - 5. ) - JE 1 PSRRI A S0 P, LR - S

D (25) XA NIBSMNEBIRHIAE A (10) , A] LS 2 5 i

P NB =) =B, KMO0.212 1 N-mo AR [ S X (ot 3h i e

Horr, Do S AR 06 BLAS , p SIS Y AR AR R (9) B HUBILER K M 50.0 rad/s.
AR, e AR %, B, . B, e GAANUE  BLBEREAS R 57 R L STBYG250B, Hofi KA AR
G0 ol SR, B, = - 3 p=-1 1.2 N - m, 5 2 8 T NI R i s 2L, AL

wa, U sin'ey R By Ve 57 A kL LR 3 5 M542-05 , 16 PRI
MR SCTT RIS SRS AR SRR g v o0 5 000 45 Mu/hE . 265 P i S £ S JE
R SO AR BRI K S A o S Bl FEZ I by pie sz

G2 2 N )
(UPS ?ditﬁﬂ( 6?“@; sz , . o =360/(5 000+6,) (27)
T 0

L.

Ki==36, =CrCB 2B 200 g e e S B S fr L 2

b L G=1, 2040 B PR SISO G0 S K e BLIR g A B R A f B 06 2 L AT

B L 6, (LT RN Dy e6r . R 2

r R E W R s AR T£ Matlab/Simulink #8335 F #1722 G005 H 25 .
R UL B6 7 I I L T AR o e 00 0 D £ i

Pl R 0 R L 0, B KT BLAE S B2 A .

3
4 Y. 10
0 ~
39 | 2 \
< 3 3
a5 2 s oo \
ol 5 & \ /
e 2 0
& ®
g\ ¥
3 —
0 5 10 15 20 25 0 5 10 15 20 25 20 5 10 15 20 25
tls t/s ils
a: B XTI ARIMNRIRZE/IZE b: B XRTEMIRELZ c: BT EMIRELZ

E7 XTREiREMLZL

Fig.7 Joint angle error curve

WAL BSOS A B OGS A IR A B R (i Lagrange i@ T T A-HL RS 8) 12
U7 BLAA BE AR 22 /N GE B BT R E I ZRss 5 FR, 78 ADAMS Ty T A -HL 2R 55 47 20700 3k
B R G R R FT07 B, W 3iF T 38 B0 05 i A0 3h 7 25 B 1) v 14

PEo ZJ5, WITEHE LR R B G R G, A
A KT I8 B AT B R 37 3 3 Matlab/
ARSI T SR A WS AR Simulink 07 B E T #obl G000 4 B0, %BFFE45
S R ORI A T AT RIS X TN IURIR A TR BN MO A A R
MR R BRI S UK S 2, DL S ps RS 5% 3 3L I X I 45
SRSy 2, AT BRI R R e BT 1 S
Bt o AR G I TESE B R A B T2 RS ir



- 956 - Hh R B2 3646

(5% 30Hik]

(1] AR, 30K, 8. WA PR G 7 a1 Rt )] F BRL
5 528k, 2014(10): 928-931.

ZHAO J L, HAN C, LI J Q. New strategies of rehabilitation
therapeutics in stroke (review)[ J]. Chinese Journal of Rehabilitation
Theory and Practice, 2014(10): 928-931.

(2] FE 205 A b EH TR 2T REEGF T[T
AL 38 e & 2010, 45(2): 187-189.

LI H, JIANG Y F. Research progress on early rehabilitation nursing
for stroke patients[ J ]. Chinese Journal of Nursing, 2010, 45(2): 187-
189.

[3] LECOFFRE C, DE PERETTI C, GABET A, et al. National trends in
patients hospitalized for stroke and stroke mortality in france, 2008 to
2014[J]. Stroke, 2017, 48(11): 2939-2945.

[4] fTE, 230 55 LRI RBRT]. PR ELRES
5 ¥, 2014(4): 334-339.

HE W, WANG K. Advance in rehabilitation of upper limbfunction in
hemiplegic patients after stroke (review)[J]. Chinese Journal of
Rehabilitation Theory and Practice, 2014(4): 334-339.

[5] KIMSY, YANG L, PARK I ], et al. Effects of innovative WALKBOT
robotic-assisted locomotor training on balance and gait recovery in
hemiparetic stroke: a prospective, randomized, experimenter blinded
case control study with a four-week follow-up[ J ]. IEEE Trans Neural
Syst Rehabil Eng, 2015, 23(4): 636-642.

[6] #%, REE, %A THAIABEAM AR Tk EH T

LA BE 3 7y el A e N RAT LT ). F BUR SLE 5 4 &, 2016,
31(9): 955-959.
ZHENG P, HUANG G Z, PENG S H. Effects of lower limb
rehabilitation robot in improving lower limb muscle strength and
motion dysfunction of stroke patients: a clinical research[ J]. Chinese
Journal of Rehabilitation Medicine, 2016, 31(9): 955-959.

[7] M& K, AR B 3h57 kst AR M T F ERA, 2012,
27(1): 8.

DU L M, REN R X. Effect of exercise therapy on hemiplegia
rehabilitation[ J |. Chinese Journal of Rehabilitation, 2012, 27(1): 8.

[8] PREISING B, HSIA T, MITTELSTADT B. A literature review: robots
in medicine[J]. IEEE Eng Med Biol, 1991, 10(2): 13-22.

[9] KREBS H I, HOGAN N, AISEN M L, et al. Robot-aided
neurorehabilitation[ J|. IEEE Trans Rehabil Eng, 1998, 6(1): 75-87.

[10] VOLPE B T, KREBS H I, HOGAN N, et al. A novel applroach to
stroke rehabilitation: robot-aided sensorimotor stimulation [ J ] .
Neurology, 2000, 54(10): 1938-1944.

[11] MIHELJ M, NEF T, RIENER R. ARMin II-7 DoF rehabillitation robot:
mechanics and kinematics [ C |//IEEE International Conference on
Robotics and Automation. IEEE, 2007: 4120-4125.

[12] NEF T, GUIDAII M, RIENER R. ARMin Ill-arm therapy exoskeleton
with an ergonomic shoulder actuation[J]. Appl Bionics Biomech,
2009, 6(2): 127-142.

[13] KLEIN J, SPENCER S, ALLINGTON J, et al. Optimization of a
parallel shoulder mechanism to achieve a high- force, low- mass,
robotic-arm exoskeleton[J]. IEEE Trans Robot, 2010, 26(4): 710-715.

[14] A%, A, AEL, 5. 5DOF FRX MBI BE AT 5
EAFR[T]. b R T K F FR, 2007, 39(9): 1383-1387.
WANG DY, LI Q L, DU Z J, et al. Control method of a 5 DOF
wearable rehabilitation robot for upper limb[J]. Journal of Harbin
Institute of Technology, 2007, 39(9): 1383-1387.

[15] 4%, R m A, AT A%, & A TN T F B LUREMBEA
& 5[] LB A, 2014, 36(2): 147-155.

XU X, HOU LY, HUANG X Y, et al. Design and research of a
wearable robot for upper limbs rehabilitation based on exoskeleton
[J]. Robot, 2014, 36(2): 147-155.

[16] XING K, XU Q, HE J, et al. A wearable device for repetitive hand
therapy [C]/IEEE Ras & Embs International Conference on
Biomedical Robotics and Biomechatronics. IEEE, 2009: 919-923.

[17] XIONG C, JIANG X, SUN R, et al. Control methods for exoskeleton
rehabilitation robot driven with pneumatic muscles[J]. Ind Rob, 2013,
36(3): 210-220.

(18] sk iiz, Bk A . KALAIE S FAFHRE A W %a 1], B A
BB e &, 2008, 23(4): 344-346.

RONG X J, MA B C. Research on impacts of Taijiquan on the balance
ability of the middle-aged people[J |. Chinese Journal of Rehabilitation
Medicine, 2008, 23(4): 344-346.

[19] R, th Ak A THAREX T HBELINAGAMRET 255
Hr[I]. P B E A&, 2018, 35(1): 114-119.

WANG Z'Y, XU X L. Analysis of human joint force during lower
limb rehabilitation training based on bed partial weight support[J].
Chinese Journal of Medical Physics, 2018, 35(1): 114-119.

[20] F ik, 3p4h, iR, . R TS MAEIR S 6 FE 40 X5 4 % 3%
L5354 [T]. buik TA2 52 4R, 2012, 48(17): 1-9.

YU HT, GUO W, TAN H W, et al. Design and control on antagonistic
bionic joint driven by pneumatic muscles actuators[J]. Journal of
Mechanical Engineering, 2012, 48(17): 1-9.

[21] R BRK, FAR, T, F. AHIRIRA G RERRIG £ R TR/
R &4 [T]. ALk TA2 524R, 2017, 53(13): 64-74.

ZHU J M, HUANG CY, LEI J T, et al. Position/stiffness control of
antagonistic bionic joint driven by pneumatic muscles actuators[J J.
Journal of Mechanical Engineering, 2017, 53(13): 64-74.

[22] TONDU B, LOPEZ P. Modeling and control of McKibben artificial
muscle robot actuators[ J ]. Control Systems IEEE, 2000, 20(2): 15-38.

[23] WANG X, LI M, GUO W, et al. Development of an antagonistic bionic
joint controller for a musculoskeletal quadruped [C ]/IEEE/RSJ
International Conference on Intelligent Robots and Systems. IEEE,
2013: 4466-4471.

(hif 12



