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ARTICLE INFORMATION ABSTRACT

Original Research Paper This paper presents the mathematical modeling and simulation of a cable-driven robotic device

Received 04 September 2014 that can be used in gait rehabilitation of patients with lower extremity disabilities. A parallel cable

Accepted 21 October 2014

Available Online 31 January 2015 robot is considered to assist a model of human body during walking. First, a proper pattern of

walking is considered and kinematic and dynamic equations are solved to obtain tensions in

cables for entire cycle of walking. By taking advantage of a numerical procedure, the workspace of

Keywords: o . ) A X

Gamehabmtation the robot is investigated to find suspension points of the cables that would allow the model to
Parallel cable robot remain in controllable workspace. Keeping the model in controllable workspace means that
Cable suspension points cables always remain in tension and robot can effectively engage in rehabilitation. The optimum

Controllable work space

locations are determined based on minimum cable tensions (energy consumption) and a Neural
Neural Network

Network is trained to quickly determine suspension points based on anthropometric parameters
of patient. The simulation results show the effectiveness of the method in tracking the desired
trajectory of walking. The results of this study can be used for development and fabrication of an
efficient cable driven rehabilitation system.
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8- Over- actuation

9- MACARM

10- CaTraSys

11- Weight bearing

12- STRING-MAN

13- End-effector

14- Controllable Workspace (CWS)
15- Gait

3 oolets 15 0,93 1394 513 55 (e rae SilSe wisge

Sy (it 1 glasls a7 Sk, LAl @ls o el (gl 5
il 5 ogr liwly po ol col 5 (b 4y a5 0gd 00 G
ol Boosle oo 0 Jelse g asile Sl oy ad) cuvsl slas Slos
Slaptans 5956 1] wes ()b wly; slacallad plxil jo 1) ol e
P ol Gials slacl, cals o [2] Wit adse ik 4 oo o]
Goa b 1991 Jlo o a5 sl YISl ol 5l gladly axwy aigas
5 Phb Wiog wSw asjle Jlze 5 Shlew @)1 5wl Lasly
9 okl isugly 0 ek ol I eslinal [YA] wi asls
sbal, Wyl 5o |y Glisgs el Slegile oy,lS pl 1) e
oiselyy slaclyy oS I8 Gl b Suo s Jolad gy oS wileass >k
Gl il (nlpls 5 08 I8 Ll b ole po 5 S0 5l b 2z s
il lgen g5 US> g el g Gl e
. & . 4 . < - 1 .

b @k, &5 CoglSl 55T 4 pamge olach Ol
4 a5 (Sl slogil o cpl idiad eoliiul pasedley jslate 4w
u‘y‘so 4)5..0.: ‘_g‘)n .&)sj‘so)b J)>4J cls?t.]o B el |) )Lo.u slacl ‘UL“J‘
solital &Sy o ol 3l Cens tiedlsi sl a5 5,5 0Ll % e S, &
e ey a5 030, bl lilass ol ol 656554 5l m [5]
S WS e ele! Ll ons ol gae 4 by G0 e 5 oog
il el (nl g 9l ()l e (5908 S yats O j908
5 5230 prs el Cledy ol ol SaS 4y il 0 aires 394
5 orred SR 250 e Y liee 4 lew Cel (e 2y (5 iy Sllas] pas
Vb ause g (Sras G55l ) Sy ple (b ol ogis o5 >
g Rl el 5l s cnl ol cilee

39 Slae slacly, 1 oolatul conds (53 OSiw 5l (> &35 jelate
Olgiee Ll ol blie 51085 8 (o Kanghy azg 0,50 sy
Sos 5l 590 (e 5o by Slas (6,5 )8 5 Jtelae (>l Vb cdo 4
ey S5 Pa ol il s ok, aias ol 0,5 oLl
olizen Vb o ouls (S Lol OMSis dacly, ol anwgy 02 Lo S
LS sl el o] 1 ol Riegs Mt ol og Ll
omils b iselys bl 51 s ol vains )3 asllas 5,90 1,7 g5lse
Wyl 1y calisee Q‘)l&ﬁ.‘) &lp dA.Ja.: bl ;ob.m.? S,p 65 slas
"0 5900 5 3Lge 10 g s Lol o3l (Sl Sl (prizean
bl il ge Fosle ) Bly oSy e 5 JUES) Sol Lol oS 090
039 BB Slass (rulS 5 o938l rimmen 5 by il Caige g Sl
ol Silge LIS slasl; sblze S0s ) b anie g LS oS
oslatul ol bS5l olss so locly, ol jo (sreal Gl Cam cpuizan
Wighe o)l ol 4 > 5l G g9, 45 Gloj 5 gy glge 0 45 o8

1- Rehabilitation robotics
2- MIT-MANUS
3- SCARA

4- Exoskeleton
5- ARMin

6- Lower extremity

7- Parallel cable-driven robot
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1- Sagittal
2- Single-support
3- Double support
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2- Levenberg-Marquardt backpropagation algorithm
3- Body Mass Index (BMI)
4- Validation
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