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Research of a New Rehabilitation and Assisting Robot
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Abstract Towards the rehabilitation and training problems of older persons and lower limb disabilities, the paper pro-
poses a new robot with lower limb exoskeleton for rehabilitation and walking assistance. The components and mechanical
design of the robot are introduced in detail. Through the function combination of lower limb exoskeleton and wheelchair,
the robot can help the users to maintain the lower limb movement effectively and provide them with a convenient tools for
movement. The pedal-actuated motion training strategy can ensure the safety of users. The master-slave operational mode
is put forward with multimodal rehabilitation training process control. Correctness and feasibility of the rehabilitation

system are validated by computer simulation and experiment.
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Fig.2 A kinematic sketch of proposed leg-exoskeleton

assisted wheelchair system and its main design parameters
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Fig.3 The distribution of the robot’s degrees of

freedom (DOFs)
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Table 1  Specifications of the new leg-exoskeleton
assisted wheelchair
BT S4 BE
H B 2
Plag NEH (kg) 55
¥ (mm) 800
K (mm) 780
FEBE (mm) 609
RHEITHEE (m/s) 1~3
6> (°) —15 ~ 15
03 (°) —5 ~ 35
04 (°) 0~ 35
Ly (mm) 380 ~ 430
Ls (mm) 370 ~ 420
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Fig.10 The robot’s control flow for

the rehabilitation training

3 fhESHh

A SR X A B B o BEAT R 2B 1438 Bl 2E 4
Ff Solidworks i 1) = ZEEIAL T A Adams 1
AT BT, WG SRS B0k E R 2 s, £
BIAUFE 2R G0 0 i 5 R S ORI S B O BE A %
S Hrp, TEEARES, NaF AR E
YT EEE R B, AR 60 kg e AR
2 L A B 7 B i N B AR AR i, DAPRIIE
5 BAE R0 e R 5 % e (R, O ERE T,
PN 80 S IRSE N = 8 VAN Y S Ded i DU V=7 N
B & e R AT E A 11 R, AR IEAME
FIEMFSEIIERYE, W06 5 A S A AR ) 3
4 30 RPM, [H I —ANJE A ] R 2, B 4705 B A
6] 20s, EHU LA E T B 145 ~ 185 1E M L4,
F, WK 12~ 14 FR.



1938 H B £ 2 i 42 %
Vel 12 R 2 B30 P A A 51 . S —
BROC A LR 2, P 12 AT, SRR B R SEB AT W W

T, WKL RCAY L BT A BV L R 2
—13°~12°, —4°~32°, 0°~32°, f5 51 1E ffE B
P LIRSS P It A AR ARE, SR EA ST S
B ey, REMET BB SHBENAR; F%Z
BT B R 25

Bl 11 ADAMS FRgrLEs A5 At 1
A AT R T
Fig.11 An ADAMS model of the design in Fig. 4 with

indication of parameters

35.0
25.0

,_.
O A
oo ©

=t
oo

Angle /deg

-15.0
-25.0

-35.0
14.0

16.0
Time /s

B 12 ZE ARG . R BT AR (SR8 e
iR, HELCH A RE)
Fig.12 Angle curves of left and right legs at hip, knee,

15.0 17.0

ankle (continuous line is for left foot and dot line is for
right foot)

@
o
2
z
‘S
2
[
-
0
Bh
z
~60.07= - 3
14.0 15.0 16.0 17.0 18.0
Time /s

B 13 Ze i BREECTY . Y. BT AR & (SEEh
Ze, REZNATR)
Fig. 13 Angular velocities of left and right legs at hip,
knee, ankle (continuous line is for left foot and dot line is
for right foot)

Force /N

15.0
Time /s
B 14 FEA BRI . BT BRSO 2k (SEEh
e, HEE A ATBR)
Fig. 14 Joint reaction forces at left and right legs at hip,
knee, ankle (continuous line is for left foot and dot line is
for right foot)

Bl 13 B A A BRI TT . BT BT A
L, 47 AN 60 deg/s, AR
SRR I 1R TR B AR aa s B TR AR R
Br. B 14 Fron o e A BT RO L BROCY R
il 3 b 2k, = QY R R M T KNG A BAN,
43N, 85N, Horr, Y H il R/ INa] b i
HLI RIS B M. 28 Lk, 07 Had R g
E T AMEE R G R

4 SCLGLGIE

R UEAS B B IR W, T R B AL
frocts, B PLEs AR EEAEDLATIE 15 s, AR
BNl T N R W PRI NN Rt T
AN KSR VEAT R A, a1 S T 25 2y 20
EUA RE RS FELMLA 42 o SR S 2 EAT MBS
et S M S i 5 YA A B

610 mm

770 mm

K15 FEAblgs N AL
Fig.15 A prototype of the rehabilitation robot

4.1 BB EENFFIES HTSLLE

WA BT T AN BB s ) Al AT, AR
] 5 7 B AR B ) A% s R R S A s
). RREE UL K R, AR TS T S ikiz s
TEA AT ST, e — MR EREE (REY



12

AR TR S O AN A

1939

60 kg, B 170 cm, 4% 30 %), BEE AL BT,
R T K R AME B K R, &R B R/
JBE5 SNBSS SRS, MR TE S R AL E AR IS IR
SFEUEE S A% 18, ez stz h ol ({8
FEREEE . TR EN); FIE G, iR 5/
R gL, SLIR R A AN A 16 R, %55
Sy JE 0 R B A R R AR A2 B Y B E S AR
A st 78 R RIS D0 A% 8% 2 D115 DL B g FRAILE
BAWE 17 PR,

16 SEI AR v — A 1 N B SR am 3l e 41 1
SR IR Ay
Fig.16 Experimental scene photos with one cycle
rehabilitation movement sequence diagram in

the experimental process

1 TR S R M e R A A _ERG, T 17 WP AE
JEA R AR 13N A4, L nf mH iz ) 2
13N ity BT A zshng R s, i nl 1
PEAR Al EHLAR SR A B R0 1Y, I T 25 a0 IR a1k,
(] BSf AT SR A ) ) R 02 i Bl SR S R AR B BLhl . F1XT
K17 (b) A 17 (), 5K 17 (a) A B R T
JEIAH L, B 17 (b) el 17 (c) Hagih &g . i
S LB, I HALE (S S LG S ERS1S
B, R EAHLES B R A B ] 0 5 A= TR s 4
k.

4.2 ENRIBIES EWIESLS

A FEMN R EAE T, s A
IS G2z 8, Mahizsh hiME ik Siemss). &
WEL BRIk 3 # iz sl AE Bz s g BR R PE. AE
AR SR A b, R E B R R s A, e
AN HE IS Sl B S e R A . SEIG 2 R A 18
o, B TR ) A8z o 5 5 fyis sl
HARHWREEE. W AE I 3 s =00 S _E 52 %
WA ksl A B I 2R R
5 REES5REE

fij FRSE ] R R A2 AL A RO e 0 38 N 8T i e
TE A R . A SCE S s s R e, it
SRR B S A DI Re ) SE ik L es A3
FMREAETT . B, =M MR HL

P75 58, FENL P R AL N = 4ERCRY S dR (i ]
HZHRE, BT RN g, s A RS T
XL A T @0 E, YR RE T AME
ARG IERME: foa, il Ses, #E AR
AN BRA AR W e i A 1F-5 A A sl i O 5,
FEgE 7 Mz s e sh R A SO
ShE-RE R GEEAT TR FIE, T AR
T7R B FA 2 s il m AR b 5 Bl — 2P i 5L [
I, X R 5 A T 1Y) R AR 2 45 A TR P B 15 DL AT
s L — 2 R SEI e, S5 S ge AT il _E g8 Ak A
PLEZH AR 34 B S AR AL A BT A HbFE, 4 il
TR RS BT, B G 2 e g Al F g
fay, DA A e K BR B B e iz ML s N R AR,
e Bt RO 5 5K R

0 i B 3 5 6
iR /s
(a) FIE RN 77 £k
x10¢ (@) The plots of pressure force from force sensors

[T LLE S b

{7 /Pulse

0 [ 2 3 7 5
IISF ] /s
(b) SN LA B 12k
800, (b) The plots of the exoskeleton motor position
| TN R
400
200
Z 9
£-200
=
P 400
—600
—800}
—1000]
~1200] - 5 ~ :
IiH ] /s
(c) AR s Lk 2 1 2
(c) The plots of the exoskeleton motor velocity
BT AME S SRR S BT S
Fig. 17 The experiment for characteristics analysis of

the exoskeleton motion



1940 H B k& S i 424
1.3 ‘ ‘ . 9 Restorative Therapies. RT300 leg [Online], available:
E http://www.restorative-therapies.com/rt300leg, July 24,
@ Iy 2014
= HRZ B R 10 RECK-Technical GmbH & Co KG. MOTOmed [Online],
g gg available: http://www.motomed.com/en/models.html, July
205k bz 24, 2014
Son gy =
SRS 11 Best K L, Routhier F, Miller W C. A description of manual
wheelchair skills training: current practices in Canadian re-
00 16 26 36 46 5l0 66 78 habilitation centers. Disability and Rehabilitation: Assistive
Time /s Technology, 2015, 10(5): 393—400
18 EMUIZBNH B 2 12 Toro M L, Garcia Y, Ojeda A M, Dausey D J, Pearlman J.
Fig.18 The plots of master-slave motion Quantitative exploratory evaluation of the frequency, causes
and consequences of rehabilitation wheelchair breakdowns
References delivered at a paediatric clinic in Mexico. Disability, CBR
1 Wu Yu-Shao, Dang Jun-Wu. Blue Book for Aging: China & Inclusive Development, 2012, 23(3): 48—64
.I_er ort Of the Peve]op ment O_H Siliver Industry (2014). Bei- 13 Jin Wen-Yu. Design and simulation analysis of rehabilitation
Jing: Social Sf:lencesrAAcademlc Press, 2014. 7088 wheelchair based on UG. Machinery, 2013, 40(12): 67—69
(REM, MR, I T B % R (2014). 4t (BXF. BT UG MRS H RS0 EA 5. HLi, 2015
nt AL ARk AL, 2014, T0—88) 40(12): 67—69) X
2 Wang Long-De. Report on the Chinese Stroke Prevention 14 Kim K, Payne K, Oh S, Hori Y. One-handed propulsion
(2015). Beijing: China Union Medical University Press, control of power-assisted wheelchair with advanced turning
2015. 10—-22 mode. In: Proceedings of the 13th International Workshop
(EBRAE. ARG (2015). Ju5t s ERbRIBR A on Advanced Motion Control (AMC). Yokohama, Japan:
ik, 2015. 10-22) IEEE, 2014. 633—638
3 Tan Min, Wang Shuo. Research progress on robotics. Acta 15 Watanabe T, Murakami T, Handa Y. Preliminary tests of
Automatica Sinica, 2013, 39(7): 963—972 a prototype FES control system for cycling wheelchair re-
(BRS, EM HLas ABORBETEHERE. F 34l 2013, 39(7): habilitation. In: Proceedings of the 2013 International Con-
963-972) ference on Rehabilitation Robotics (ICORR). Seattle, WA,
4 Zhou Yuan, Wang Ning-Hua. Rehabilitation robot: review. USA: IEEE, 2013. 1-6
Chinese Journal of Rehabilitation Medicine, 2015, 30(4): 16 Watanabe T, Karasawa Y, Handa Y. A test of controlling
400—403 different muscles in FES cycling with cycling wheelchair
(g, E 7. RIS ARRA. RSPk, 2015, 30(4): “Prothand”. In: Proceedings of the 19th International Func-
400—403) tional Electrical Stimulation Society Annual Conference
. . (IFESS). Kuala Lumpur, Malaysia: IEEE, 2014: 1—4
5 Volpe B T, Krebs H I, Hogan N, Edelstein O T R L, Diels C,
Aisen M. A novel approach to stroke rehabilitation: robot- 17 Karasawa Y, Watanabe T, Handa Y. A basic study on an-
aided sensorimotor stimulation. Neurology, 2000, 54(10): alyzing acceleration of crank rotation for evaluation of FES
1938—1944 cycling with cycling wheelchair. Transactions of Japanese
. . Society for Medical and Biological Engineering, 2014, 52(S):
6 JuM S, Lin C CK, Lin D H, Hwang I S, Chen S M. A reha- 0-27—0-28
bilitation robot with force-position hybrid fuzzy controller:
hybrid fuzzy control of rehabilitation robot. IEEE Trans- 18 Esquenazi A, Talaty M, Packel A, Saulino M. The ReWalk
actions on Neural Systems and Rehabilitation Engineering, powered exoskeleton to restore ambulatory function to in-
2005, 13(3): 349—358 dividuals with thoracic-level motor-complete spinal cord in-
jury. American Journal of Physical Medicine & Rehabilita-
7 Hu Jin, Hou Zeng-Guang, Chen Yi-Xiong, Zhang Feng, tion, 2012, 91(11): 911921
Wang Wei-Qun. Lower limb rehabilitation robots and in-
teractive control methods. Acta Automatica Sinica, 2014, 19 Zeilig G, Weingarden H, Zwecker M. Safety and tolerance of
40(11): 2377—2390 the ReWalk exoskeleton suit for ambulation by people with
(3, Ge3g), WRILME, SKik, £ 8. FRRENS A I H i complete spinal cord injury: a pilot study. The Journal of
vk, AsMbaAR, 2014, 40(11): 2377—2390) Spinal Cord Medicine, 2012, 35(2): 96—101
8 Ueda Y, Misu S, Sawa R, Nakatsu N, Sugimoto T, Sugiyama 20 Talaty M, Esquenazi A, Briceno J E. Differentiating ability

K, Takamori K, Ono K, Seki K, Handa Y, Ono R. Cy-
cling wheelchair provides enjoyable pedaling exercises with
increased physiological indexes. Tohoku Journal of Experi-
mental Medicine, 2016, 238(1): 33—38

in users of the ReWalk powered exoskeleton: an analysis of
walking kinematics. In: Proceedings of the 2013 IEEE Inter-
national Conference on Rehabilitation Robotics (ICORR).
Seattle, WA, USA: IEEE, 2013. 1-5



12

AR TR S O AN A

1941

21

22

23

24

25

26

27

28

29

30

31

Ueba T, Hamada O, Ogata T, Inoue T, Shiota E, Sankai
Y. Feasibility and safety of acute phase rehabilitation after
stroke using the hybrid assistive limb robot suit. Neurologia
Medico-Chirurgica, 2013, 53(5): 287—290

Nilsson A, Vreede K S, Haglund V, Kawamoto H, Sankai
Y, Borg J. Gait training early after stroke with a new
exoskeleton-the hybrid assistive limb: a study of safety and
feasibility. Journal of Neuroengineering and Rehabilitation,
2014, 11(1): 1-11

Tong Li-Na, Hou Zeng-Guang, Peng Liang, Wang Wei-Qun,
Chen Yi-Xiong, Tan Min. Multi-channel sEMG time series
analysis based human motion recognition method. Acta Au-
tomatica Sinica, 2014, 40(5): 810—821

(BT, Gei), e, EURE, WRIME, WR. BT 28 sEMG
B P 4 AT I N R s Sl SR B vk B 3k, 2014, 40(5):
810—821)

Peng Liang, Hou Zeng-Guang, Wang Wei-Qun. Synchronous
active interaction control and its implementation for a re-
habilitation robot. Acta Automatica Sinica, 2015, 41(11):
1837—1846

(52, ), M. BEHEAMEL B a5 0. g
ik, 2015, 41(11): 1837—1846)

Wang H B, Shi X H, Liu H T, Li L, Hou Z G, Yu H N.
Design, kinematics, simulation, and experiment for a lower-
limb rehabilitation robot. Proceedings of the Institution of
Mechanical Engineers, Part I: Journal of Systems and Con-
trol Engineering, 2011, 225(6): 860—872

Yang C J, Niu B, Chen Y. Adaptive neuro-fuzzy control
based development of a wearable exoskeleton leg for hu-
man walking power augmentation. In: Proceedings of the
2005 IEEE/ASME International Conference on Advanced
Intelligent Mechatronics. Monterey, CA, USA: IEEE, 2005.
467—-472

Jiang Hong-Yuan, Ma Chang-Bo, Lu Nian-Li, Ao Hong-Rui.
Modeling and simulation on FES cycling training system.
Journal of System Simulation, 2010, 22(10): 2459—2463
(BN, SRk, By, RS SRtk RS s N R R Gk
WA BT, R E AR, 2010, 22(10): 2459—2463)

Bian Hui, Zhao Tie-Shi, Tian Xing-Bin, Li Dan, Pan Wang.
Rehabilitation facility with biological integration and appli-
cation. Robot, 2010, 32(4): 470—477

Gk, WYy, WA, 250, WAE. AEprml A R E N LI .
HlLeg A, 2010, 32(4): 470—477)

Huang G, Ceccarelli M, Zhang W M, Liu H X, Tian Y,
She H T, Fukuda T, Huang Q. A pedal-actuated wheelchair
with a leg exoskeleton. In: Proceedings of the 14th IFToMM
World Congress. Taipei, China: IFToMM, 2015.

SoR CH,NgJKF, NgGY F. Muscle recruitment pattern
in cycling: a review. Physical Therapy in Sport, 2005, 6(2):
89—-96

Feland J B, Myrer J W, Schulthies S S, Fellingham G
W, Measom G W. The effect of duration of stretching of

the hamstring muscle group for increasing range of motion
in people aged 65 years or older. Physical Therapy, 2001,
81(5): 1110—1117

32 Ziegler R G, Hoover R N, Nomura A M Y, West D W,
Wu A H, Pike M C, Lake A J, Horn-Ross P L, Kolonel L
N, Siiteri P K, Fraumeni J F Jr. Relative weight, weight
change, height, and breast cancer risk in Asian-American
women. Journal of the National Cancer Institute, 1996,
88(10): 650—660

33 Hawkins D, Hull M L. A method for determining lower
extremity muscle-tendon lengths during flexion/extension
movements. Journal of Biomechanics, 1990, 23(5): 487—494

BB dLntH R B R REAL
i AT LT S04 2010 4R AR
DU TRZEUM A Beor e . 20T
FET AL N RGBT,
E-mail: huanggao@bit.edu.cn
(HUANG Gao Ph.D. candidate
at the Intelligent Robotics Institute,
School of Mechatronical Engineering,
Beijing Institute of Technology, China. He received his
bachelor degree from Wuhan Polytechnic University in
2010. His main research interest is rehabilitation robot
system design technology.)

i

KR JUR TR R B B L
RS AT R 08%. 1999 4E 3R At T3
TR, 2002 4F A 2005 4F43-51
[REE| ez MIPNE 2 e S R T e 2 A
Hem . FRWFFOT RO RS A
ARIGEFEE.

E-mail: zhwm@bit.edu.cn

(ZHANG Wei-Min Associate pro-
fessor at the Intelligent Robotics Institute, School of
Mechatronical Engineering, Beijing Institute of Technol-
ogy, China. He received his bachelor, master and Ph.D.
degrees from the School of Mechatronical Engineering, Bei-
jing Institute of Technology, China in 1999, 2002 and 2005,
respectively. His research interest covers bio-robots. Cor-
responding author of this paper.)

Marco Ceccarelli 2= KF|RPA#H K
SEHFZ. 1982 AEATH TR 2EHUM TR
Lol 227, 1987 AEFAT D T K21
2. ETHRR Iy mALER ABUE T
SRR AU T AR s
E-mail: ceccarelli@unicas.it
(MARCO Ceccarelli

at University of Cassino and South

Professor

Latium Via Di Biasio, Italy. He received mechanical en-
gineering degree from the University La Sapienza of Rome,
Italy, in 1982. He received his Ph.D. from the University
La Sapienza of Rome, Italy in 1987. His research interest
covers mechanism design, mechanics and design of robots,
and history of mechanical engineering.)



1942 H 3l

e

42 %

FKE  JCnH TREEHL L 2EBER R AL
i NWEFEBTRI #1997 4711 2005 4Rk
7574 B B R A2 A 2 iz, 2009
PRI TR o . 2
FEI7 1 A AL A
» E-mail: yuzg@bit.edu.cn
Y (YU Zhang-Guo Associate profes-

A4 sor at the Intelligent Robotics Institute,
Beijing Institute of Technology, China. He received his
bachelor and master degrees from Southwest University of
Science and Technology, China in 1997 and 2005, respec-
tively. He received his Ph.D. degree from Beijing Institute
of Technology, China in 2009. His research interest covers
bio-robots.)

FREFEE LRt TR 2B L 2 B R U
2007 4FA 2013 4F 53 I HAT LB TR
Bt R I A s S VA e e
fr. EEWFTTT A AL AL
Ny

E-mail: chenxuechao@bit.edu.cn
(CHEN Xue-Chao Lecturer at the School of Mecha-
tronics Engineering, Beijing Institute of Technology, China.
He received his bachelor and Ph. D. degrees in mechatronics
engineering from the Beijing Institute of Technology, China
in 2007 and 2013, respectively. His research interest covers
humanoid robotics and robot dynamics.)

& I JUOE T REEN AR LS.
2008 £ A1 2010 443 34T L TR
SERLB T AR ol 2 L AR 22 A
2016 AFEFHAFILHTH TR AAHU TR £l
WmA . RS T5 10 N ALEK Bl 45
i, 5 AbLgs Nz sh Akl

E-mail: mfly0208@bit.edu.cn
(MENG Fei Postdoctor at the Intel-
ligent Robotics Institute, Beijing Institute of Technology,
China. He received his bachelor, master, and Ph.D. de-
grees from Beijing Institute of Technology, China in 2008,
2010 and 2016, respectively.
motor control and planning for biped robots.)

His research interest covers

OS8R JLHTHL LR A B REAL
BB FTHZ. 1989 AEFRAFM R T
MK A=24 07, 1996 4F-3K H AR L% H
Rep il dsp i, ERRFE I 0 NS
PrtEpLEe A, HE LS A

E-mail: ghuang@bit.edu.cn
(HUANG Qiang Professor at the
Intelligent Robotics Institute, Beijing
Institute of Technology, China. He received his master de-
gree from Harbin Institute of Technology, China in 1989
and Ph.D. degree from Waseda University in 1996. His
research interest covers humanoid robot, bio-robots, and
rehabilitation robot.)



