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Design of rehabilitation hand exoskeleton system for injured fingers
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Abstract: On the basis of the biological characteristics of human hands, a novel exoskeleton mechani-
cal hand is presented for the rehabilitation of injured fingers. The exoskeleton hand developed by a
modular design technology can be regulated for hands with different sizes and for driving fingers to do
flexion and abduction/adduction motions independently, and it also can feedback the information of
finger joints in real-time during the rehabilitation. The device keeps a rehabilitation force perpendicu-
lar to the finger bone under therapy and avoids the soft tissue damage surrounding the finger bone.
The one DOF and two DOF structures of the driving mechanism are analyzed and then a kinematical
model for the hand exoskeleton is established. Kinematics and dynamics of the hand exoskeleton are
analyzed, and their equations are built. Furthermore, a controller architecture using an ARM proces-
sor as the kernel is presented based on SPI bus. Finally, the kinematics and dynamics simulations of
the hand exoskeleton and the flexion rehabilitation experiment of the index finger are undertaken. The

results indicate that the rehabilitation principle and method are correct and the repeatability is less
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than 5%, which demonstrates that the exoskeleton system can satisfy the rehabilitation requirements

of the injured fingers.
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Fig.1 Human hand physiology
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Tab.1 Activity range of normal adults
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Tab. 2 Principle diagram of flexible exercise
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ercise

2.3 SNERFERIRT

Wl B9 2 0 T 45 B 52 50 B i T2 kg 181 4
() (D)7 o & THEHALAY BT AR R S %
For N AT RS AN GRS B B EL 73 . GRS
BT AT AL AL S AL L S 1 BLAL SR ALY A
SRR . BN ZR I K S B SRR T R T
HWZ ko HEEFIE 04T S iz 3h 5B o8 42
FATR] L I BNy iz 3 2 8] B A A 1 18 gk A7
TE—7E W L] 5 & B DL A4S T4 9 MPL PIP,
DIP S5 125 2 3y R — 4> B AL A7 3K 3l 4
ANTAREEL T 6 MAL S . T8 0 O Ak /i fe
SMEI A BB Al TR A5 DR AE R B
Sy i i v TR] I 8 3K T AR . e R UK S RN
Fem MR LB 7 5 5 ¢ 2, SRAT LN I A Y A1
TRy 3 3 2. AT LB TARIB S M LL O
11+ 7. 8553 1 R fLr 2ol il 6 45 45 56 1 1 i
2y v ] I 3 A BRAVE B . SR P 33 A8 ) A Sl M
PEAT 7K B A 3l AN e 22 8] MR T T
LR T AT LAY K e . O K
AT LS B 77 4 e R 0 R R T e A
T 1 B B A S ) R R R L a) DA Sh T
M AT R . T RS S B 5 34 5k
T E AT R B L S T R ) L AR
B SIS S IR B AR . SRR T AL A AR
JHVBE AR 5 < AR 80 W E B LB A L B AR 7
AR AR ST B 4o (D NEER
SRR TR SE Y A



51 3 M. E AT REANE T RE T 111

BEHRRT
——— TR IR

HRAG I () S T IS R A
1E R
{ZZS

(d) Picture of actuator module
Kl 4 gl THREENE T

Fig. 4 Rehabilitation hand exoskeleton for injured fingers
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Fig. 6 Kinematics model of hand exoskeleton
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Tab. 2 D-H parameters of hand exoskeleton
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Fig. 7 Control system of hand exoskeleton
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Fig. 8 Simulation model of hand exoskeleton
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