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The hands are one of the most complex moveable organs of the human body. Some reasons
such as stroke can cause disorder in hand functions. These patients face problems doing
their daily routines. The communication between humans and robots leads to the invention
of devices for improving the patient’s ability. This paper aims to design and manufacture a
prototype of a portable wearable robot. This robot has been designed to facilitate the daily
routines of patients who are not able to extend their hands. Researchers are facing
challenges like high cost due to numerous actuators and these sensors are used to control
the system. As the number of elements used to build the device increase, the ultimate
weight of the device, also, grows, and practically it loses portability. According to the
importance of portability of the robot and the need for long-term use by the user, device
components with less weight are designed in this work. In the introduced mechanism, a
torque is applied to the lowest metacarpophalangeal joints simultaneously by only one
electric operator; therefore, fingers are opened. The power transmission system is inspired
from the hand tendon with the help of the cable length changes. Because of disturbances
and nonlinearity of the system, a sliding mode controller to minimize the error is designed.
The results demonstrate that the joint angle converges to the desired angle, and the error
tends to zero. Good results, in addition to the affordable price, and suitable weight imply
that we can trust the extensibility of this project.

Keywords Stroke, Exoskeleton, Hand, Wearable Robot

CITATION LINKS

[1] Upper limb rehabilitation robotics after stroke ... [2] An approach to power assist hand
exoskeleton for patients with paralysis. [3] Comparative study of actuation systems for
portable upper limb exoskeletons. [4] Current hand exoskeleton technologies for
rehabilitation and assistive engineering. [5] Two-digit robotic exoskeleton glove
mechanism: Design and integration. [6] Development of a polymer-based tendon-driven
wearable robotic hand. [7] Exo-glove PM: An easily customizable modularized pneumatic
assistive glove. [8] Case report on the use of a custom myoelectric elbow-wrist-hand
orthosis ... [9] Development, design and validation of an assistive device for hand
disabilities ... [10] Design and control of a wearable hand exoskeleton with force-
controllable ... [11] Mechatronic design and characterization of the index finger module of
a hand ... [12] Design of a hand tendon injury rehabilitation system using a DOF ... [13]
Mechanical property optimization of FDM PLA in shear with multiple objectives. [14]
Active exoskeleton control systems: State of the art. [15] Admittance Control Scheme
Comparison of EXO-UL8: A Dual-Arm Exoskeleton Robotic System. [16] Robust tracking
control of robots by a linear feedback law. [17] An EMG-controlled robotic hand
exoskeleton for bilateral rehabilitation. [18] A survey on sEMG control strategies of
wearable hand exoskeleton for rehabilitation. [19] Variable impedance control of finger
exoskeleton for hand rehabilitation following stroke. [20] Design and hybrid control of the
pneumatic force-feedback systems for Arm-Exoskeleton by using on/off valve. [21]
Development and control of a wearable robot for rehabilitation of elbow and shoulder
joint movements. [22] Optimal adaptive high-order super twisting sliding mode control of
a lower limb exoskeleton robot. [23] Fuzzy sliding mode control of a wearable
rehabilitation robot for wrist and finger. [24] Analytical model of hand phalanges desired
trajectory for rehabilitation and design a sliding mode controller ... [25] Kinematics and
workspace analysis of an exoskeleton for thumb ...

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the

Attribution-NonCommercial terms.


https://www.ingentaconnect.com/contentone/mjl/sreh/2009/00000041/00000012/art00007
https://ieeexplore.ieee.org/abstract/document/8371172/
https://www.sciencedirect.com/science/article/abs/pii/S1350453318301267
https://link.springer.com/article/10.1007%2Fs12541-012-0107-2
https://asmedigitalcollection.asme.org/mechanismsrobotics/article-abstract/10/2/025002/369800/Two-Digit-Robotic-Exoskeleton-Glove-Mechanism?redirectedFrom=fulltext
https://ieeexplore.ieee.org/abstract/document/7487562
https://ieeexplore.ieee.org/abstract/document/7872427
https://academic.oup.com/milmed/article/182/7/e1963/4158612?login=true
https://www.cambridge.org/core/journals/robotica/article/abs/development-design-and-validation-of-an-assistive-device-for-hand-disabilities-based-on-an-innovative-mechanism/DCFD059B65CAB4812E38E52880426B1D
https://ieeexplore.ieee.org/abstract/document/7139982
https://ieeexplore.ieee.org/abstract/document/5771114
https://mme.modares.ac.ir/article-15-24961-en.html
https://link.springer.com/article/10.1007/s11837-015-1367-y
https://www.sciencedirect.com/science/article/pii/S1877705812026732
https://ieeexplore.ieee.org/abstract/document/8779545
http://www.cs.ucf.edu/~qu/Journals/J95.pdf
https://ieeexplore.ieee.org/abstract/document/7072553
https://ieeexplore.ieee.org/abstract/document/7986086
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2019-0034/full/html
https://www.sciencedirect.com/science/article/abs/pii/S0957415807000360
https://ieeexplore.ieee.org/abstract/document/5675459
https://mme.modares.ac.ir/article-15-24120-en.html
https://www.emerald.com/insight/content/doi/10.1108/IR-05-2019-0110/full/html
https://mme.modares.ac.ir/article-15-29886-en.html
https://ieeexplore.ieee.org/abstract/document/5723307

pall 4 e & cuwl (GiRe ASw adle Szl
53 oxd samlive Llol oSy e plul )y iSy>
Ko e ol sleyle (hemiparetic) SLsen ollew
9 Sy ) palld cdhas (gl pué wyad (ol wilae (gyw
Sl 5o axld sgi e aaS (8yb I Il sl
VLS g by (g ytien Jlaim] (gj00 S I uy s
Pailise 392 JolSysb 43 5131 ao)s

Glol 4 e ghlew slaei sdyag, Hll 4 d2gi b
Jhowizen 9 Sleiil 51 ol gladnie 5 Seiglssl
wbwly 53 Glghs (slaiMi a8l el 515 (5958 oalacws
el a8 Sege phlen e98 ol GaSuulsl camds daup
Jleslaial wyls 5l gyt ol @ @l ol Sl
o wdSul 0l sube jlug Slgie Gidy ol 53 el
29k 43980 b LSSl eS)e (il jelhie 4 s
el il slaSles I leaSSl oo (gl plsie SIS
oy Sy (Sdgyum g (Sailogiy (Sl (sloySlae
Siadign dge 5l sohite ol GET gy bl .58 salitul
ol s ey oyl o Bl o oslital 3o lsabisls
olsi 9 iduplsl 35S0 g Bam gasel> g LS gl
e G les sl gite gaiu pBulol il
g3 dalgs o] Blaal 5l ope g selds (6550 wilaals

ol S i cawd Sl Saw slea sldl ol 51 gslass
b dlio gl 3,100 392 s LSSl 53,550 RUlss ohle
o IBlalss @l Gasdsy wly S esle g 2hb Gas
oo jl amy 095 (S )Y cwl ond el (i A ys 8l
38 G (o2lb 5d wlelll 5 el cuss eagilil (Byme b
Silatin Joo cgam Gidu 53l 01l hyme oSles ST
>hb 4 glez Gide 38 Al ead (Byme 05l il
Slwtnd 5l ol mls Gl 4 iy Gide 5 SuS
ol aidly polaisl ead 2hb S prizes 5 il
pie b azlge ;5 SIS (saollS glie Gloxin 4 b (i
el GialesT 51 Jols 2l G sl aiblsy beashs
e (I 53 czwd Gl e jlass S (595 2 0ad bl
Ol pide Gidy 53 sangez calgd ) 5wl o el
ol o

690 sl 52 (53950 -Y-)

edSuwl glowl; gaualio gy A8y (gusdiws G5 5k 4
G Mghllen o g dallhe 53 30 3329 g
Obsy 9 el JUl i Slee g9 5 oluly
(Jaie 1 ly s wad (655551430 aiile) @ (5 o3l
93 4l s lajiyl plyie yiaods b a4l sadpell
L oSy cwdd (hgy »d S ey 2hb i,
FB e () ol 5 (S by jl eslal

Voo (3335958 oF o)lad (¥Y 5)9

ohlSKen g plalupy oslie o536 YYF

doz> B Gasdey wly cole 5 (2hb

33 45 JyuS ol cuwd
MSc ol.hlw).g,’ Crysut
WSilSe oSl 3,mlS 2k 09,8 (g ilSe utige 1yl uliin)lS
Ol (ol ey oy oSl

PhD * I5j| sl

canyd o8l TsnelS 3 G puaige ouSKadls (S 0g)S ladls
ol cold (oo

PhD pads (gleme duzxe

oy oKy (Sl Guwiige 0aKEls (g3mlS ok 69,5 aliwl
ol caipaye

IXR ¢

Llgie (§i8e AiSw iile lolge .l L5|°‘\:§'?'.§7_1 Sy ﬁ'-\jl ol caws
ailig) slocalled gals elxdl )3 hlew ool WS Jide |y cwwd 3)Slee
g sh!l 3l Bua cwl snds (38l leT Hekhie 4 (s> LsLa:oliL.u)
S b iswisy ol estie sl Biga S el s b ol
2Ulg3 a5 (Shlews 83059, (sloeadlesd s ealiswl jghiie 4wl o2l el
alos> )' RO W) U.’>|)b Ailesls cuwd )I I) 95 Cuwd (UM)L\) W..SI
5 slasSlas 51 eslizal s & YU Buin @ olyine s> ool lapills
aidy S wlehd slass Gialsl b .aged olal JyuS gl sasie sl Kus
i)y aolgas Joo colild Ve g a8y YU o b o) dawg wslo 45
oty 31 Vg (seolisial sh lS 5L 5 392 Jam b citanl @ a3
4 ol il 3o s wlesds 2hb 0 s b pjeilSe izl Lxial 5
S Shae 5 U 5 5 plojan ows i Loz Jaie ool
o JUE s 29 e 5 LSSl az )3 9 39800 Jlesl y5lisS
3035 ol BIS s 5e185 (SaS @ s slasg s 51 555 550
Gin b G5 3b S s oosr b3 gt 5 wlilizel s
Csthe olgads 5 gl sl & LS s S (ol o (SiaeS
dao sio 4 s 5 cwlSen 2hb Ll 4 Jaie dyglj 4 sly plas
GUsed 2l 039 9 AR IS rized les st @l S e
03 Erldnwss cabls g &S cwl OT Sl esdaisbe gads!
Giaadigy ol w52l cdSul (590 diSuw Anejlgals

WAA/ANW bl s
WAL AIYO : iy oyl

ozgoli@modares.ac.ir : Jgiue 635ugs®

doddio -
o ¥o00 Jlo 15 (WHO) oo citligs plojlu odlel b
20y3 Yo 3l o sisivo (sloyguinS 53 Jle 10 (oYL s8] slass
-~ @y sstie Gl 03 ol Ledbualss (il
38 b (Sl 00 51 asy o witus (sjie A by (Sgye
2 93 38 55 lagslew ol €589 Jleiml 38 yee Sl ams yo
3 Golews 53 G5 Slsil Glel ede (g5%0 (gaiSuo 3950
(hemiparesis/hemiplegia)Lé}lﬁwle)w.wm)w

Urte SyilSo udige sole doliole



o 858) 4 [0S ot cuss o> BB sy wly colu g pohb

5> sl i glagisnilsd puSile Slsie wly o

298 3l eJom B (slabiwg el jshio a i gy o
oS e Buo ) a5 b el cadosliinl gamidw ol
sl ccwl cwwd Sidw )L'g) oblew ©lp dhwy =hb
233485 Hk85 53 Jolie i858 Jloy sln wdeo piSis
5L oluaSSl (S w8 sl et Gob 5l s 356
Glahs olyam 4y LIS a8 Jn! @i 31 oslaiol 33,550
ol el o (6505 Galidl ped o Hlisle
).ob U39 9 ,EJ|) Sass w.D:LY .))L&J' b Lmk;b daef Cgdgi>xo
ol polae goslatwl gl iy ooVl S IS

by col dibsie dive S lgls oy S oobb
Clal (Sl jlisle ahb i goasie il
o2 @ beiww gl Jlail § (SpSl wlehd Gl gise
Gthws So 2L sbl pasieee Bk Sl gy,
sl 4 gailiyicaul 5 Lo caiel (aupls b g l¥lolss
cawy (09l] sle p olb wcwl (gygpe 13U il
3555 @50

s cuwws ogilif-1-¥

Eaazxoyd g 3ly 3929 ploxiw! YV ludl cwws o
B on sleglyinl plez S cws 95 slaglgal
o cawd @o jl b jgbdy cuwd (gaugleiwl Laad e
aiplsiinl sadoy SouSs IS )5 & gleiul A 3sdie
Cuod zo yd pidS3 o LS b s JSiS ) s
o Sl iy bl 51 G - 3iiS e sl |y s Glal sl
g il cuSl (Gile Sl eplsl wewd el S cwdys
Ko gody Sl wileads ‘5)|.'\f‘alj Sog Sl
51w UL“MKJ 39450 oadlie | S 53 &S jgbles .l
V JSS 53 oS ghilans Mg 50 JuSWS Jade V8 g (olgdiwl 14
4 Vb gl ey a4 ewSl Jolio el sxel
Juail J=e MCP Lado 354550 0440l DIPg PIPMCP jlais|
e 5ol el caws Siaw .[4]3);‘_70 &lg ige cwd
69 2 3 GeBplel wlinged g wilise Jate ol Lisyz
sbl> DIPGPIP Jade 93 aSTym 3yls (g yidan Syed Juabo ol

Modares Mechanical Engineering

Jolio 4y oo wilail @b jl 550 5 3980 >hb Slasil
S8 s YL sleasio S Ygesmo 3350 Jiiie
w3 (59 () LSS 3ga5me fy awd (5,15 (sLad b 13S0
iee St (S el Jlodl |y oLt LS 5 15,50 18
okl 51 g S S 3 0T 039 039l bk o
ROV RV Y 5

wsle g >hb theie dlge I eslatwl b egs gaiws
2 s oledS glayarly b o3aili-Syme wiile xigd e
2 &Sl ohb ol osas Mo (S5
U 35550 e B (sl 4 a8 JES! oS (s pitic
23 593 om0 51 abie prelS pisw LI (Sl S
UiSiwy cwl pSes wws g glagad aiug 5 5k
puaw ol S503 Codgae 39d S sl les ihaie
Blewd caos gad diug 9 56 b Llgn b2l 3 Syl
Gxosk dse g SB I skl b ghlSen 9 SIS
oLl il 93 LESKiws ol KaS a0y &l |y Sk
id gxd JW ol Ngdioe o> oS yobay Gl s
Gl SaS g 33d0 Jlosl jgigegpw Sy B (geliwgdy
5 dam cubld (3950w S50 33 4 plual GBS (sl
i )3 el ol glacaie Ko 5l (S 5oy
5l a4 ad Lol degarme 4y (6,503 90 38 ol (am
M xS b Tasme (Bl Goyb 51 oliaSil sads! paives
Js! el 4 LSSl caaz gise gl SaS 4y lusSSl ety
slagiSiues 1 %08 gaiged S ghlen 5 b FlusSiL
B Maslie (Slegiy o] Kloe o8 3355 ) 5yl
ol sl 0185 gagale 55, 51 sl oslitel p1 ise (oI5
6l 3 03 S (EMG) (31,850Leg xSl JUiSws SaS 35|
23 oo 4 SaS s ogde 3l 3p)lS s 5 e ) Jeolie
o3l 45 cal oo (53 sised ol @i, (slals el
BlgKan 5 05 350 SaS ol phuls @3sm2 @ of 5
s 1y Glslss s GBIl culls o S Hhb 65
L pwizeed ol uliiie cuws o9l L g 039 5] 351 o
cwd b b oslsl ghy olyice puaie bl sz s
990 Sl Jold piu ol 35 3dgi |y 5l ol eglase
Adle eSSl o (gl Jitue

Glewly eSlo ylads J3uS g (niphSs s s Juds 4
Loyl 51 B 53 Gob 51 3380 Sleidy e lislo L
D088 50 ol g2 5 (39 0I8IL wzge Jlislo £33 o
by il Cego oS gamdn Ol (55318 I esliul 14
oblSes 5 glims .l 48,5 )3 JUSI 390 S9da IS
Gl hElgl i SO i lr gild SeS @
Slae Sy SaS 4 45 63,5 oohb s sl guili
ol s eSSl au WY aeT 5 eS8 S sl

Volume 21, Issue 4, April 2021



T el Ghals cow (LSSl 39035l Gilojem sol
SlaSles 5 511y Lo Sos 9 31 o 330 (S
5 wis LBl ol coge 4 puizen luie L samie
33 .cidly solgs olpem d ) jlows caws Slbl s (Jlesl sLas
s 1 oslasl 6059 (sLajli 5l (4295 LB e gy ool
55k 038 als wlusl (185 wile la)ls 35d0 &3
aidl opé g lablis g bosy (185 0pSws b 5y i
GHSEn 0ilz @aS piug 5 5L wile dinb glayls
3 8 il G 45 g elal BB oyt g et S3l L oyLl
03y91 oaul ol IS Ssilows ll-W S 53 .30 0y0595 (534
sl e8> (gilesgame Glol Bua o 3 a5 el oud
s 4 plaSil k! Jede @ gy Jleel 5 LSSl
PNOWROREPIE S <] RCITRU Y |+ S| RPN WU RO S P PNS
JEG] pita g9 ol ol sy 5 B g8 51 iy dllas]
31 o JEUI 4y cowdeS (bl gzxm g S Juds 4 @98
Pl £99 ol Gl e b ol ki, b

el yleds 0S5 (5SS
IS 53 o onliital (St K I leaSSl gjludiie ly
oadd 03ly GLi G s (595 » LS xSHhE (so92 W
Jolio ilihen ose ouiSibe (lapiSivs cuwl
9 33,18 sho agly 5> Jade lanl G-V S 55 g0
Sad -V S0 5 cwl s (gilwisub (LSl casdge
280 Jols cuws gLl lasys A iy iy Glel
31 e a0 JEDI g s o ol joliie 4 505 (agws ||
23 b (2hb saiiSeadi S wews oSl 4 Slee (sgw
daio 59w 4 S o coge @y &5 dsbd (ol >-¥ S
o5l (ESws ol sad 63,9 (Nigd o calin cw Sl
2 95 Jloel w8 S8 (5 Julox 3530 waSLT l38l050 5
sosle Suiud Loly> il S Hudt gl ISy o

()

lSe Silad () ol wlabd 5 gk Spled (P S
2 Gilwisbo jehie @ esdmhb (iSws (0) .o j ealiiwlyyge
6slwagdo yshin 4y endoolb LSt (z) diw edls jd caws (g9
9 b blS culin gly ssdmlhb aghd () b edls 5 cws (g9 »

Voo (3335958 oF o)lad (¥Y 5)9

ul)&A.D 9 othm):y‘ o 6538 Yvs

la O‘S’.‘:‘""l (7S :

[4] OT Jiolin g s &9 ULu.uiJ' Gl (V JSK&

Soe S5 4 2hb oyl -Y-¥
3T @l s5lossdie g wyad Jll s Jold 2k ol
Lt Lake L3Sy dials Jsl ol 55 sl (558 1 o
Vi olae ) Jgax 53 gl puasd dle el js cws
Vg et (a8 s sl 00 onyg] oyl il Laio
oStz dex 5l gad i |y by 615 sLas lgise
oludl s @3B lzys 39V (g wdSul wly >k
5 Sam ose bolhe S5 siludie gils 53 vl
SlasSles 5| oslital sl G 5 3S0e Jlsds S
ool 53 el sl gaiie 5 iy el o JUds @ g sasie
s Sl s pasil JSde &) Glel gesl e
oLl plad 5 Sl SO slosn pled Glojen JyuS Ghs,
Gl Lz les e I led ¥ JSS el cany S
cuwl dgpie KB 53 &5 johiled cwl b ealy lid
U513 e 135 (sl (2l 11 o35y iy 500 4 Sl

._s)l.u‘ 3929 C)T

(2510, Litl oSl Joolio Sy sl 5l (s0sly () g3

Joint DIP PIP MCP

Rom(degree) —Ae Voo —AD

Cawd oSS | Gl )l jles s pigai (Y I

Urte SyilSo udige sole doliole



Yvv B3] 33 5 ot s Joor B isgisy oy el s ol
s 46 SIS > hb-F

slayehly o palel p Gom cdSwl JuS et
B ATV g S oalaiul EF 9 u.\‘/w duduw 5‘:&’)—‘3
2 b eniel g ©lal (Glew ey parid) jlew vab
D430 bl Jus

OBISL (Blolss § auplsl slaely j3 IS sk @
—mae WS a5 e SO sy cws I sl Slae
ol -bbise HB Y50 e ) G- b Sae
5 Jeiie edls o) s gaudiwd BB og)S 95 55 Jaluwg
§0393305d g My Jeiie B> = edlul el ol
assist-as-needed Li 330 wdlo-V S0 Sy Juade
sl Slae wly b gludl Jolsi wlol 5 cdls ool 45 ((AAN)
Sy 3 slew S0 Ghle 4 Se Jee (2 Sl
35 slew Gadls cdles Sy el dins dhis Ml Jubs
e Sy emgliste cadglze 423 b phlew sl g sl Sy
wlzys sa28 wyge 43 0 egd el j3 gdie b el
ol (sl Galiee S slaghs, 33,5 e Jlsds JyuS (sl
slowly )3 S Ghy) g9 gl eadddl)l Jilwg
@by wslhe 3ySlee Lol conal Bl sl Hanbs
050 om0 3l 2dle Jolie Gizxie 385 Cudisl 4 byie
doeashd cie g 2hb s snddfe Swbos  Juds
Goeiu 53> 3955l (eSS ikl oauS S
Gy G as oSS g pglie (goaSyuS Ghs
51 UpS 160 5lads @l s (ol 5 wlalacel b alio
@ ol (solgiion slaghy, S0s 5l G slaSue Gk
olod laSlac 4 lyise 51Saaleg Sl sla S SoS
oiale)l bume 53 WL b U ol 5l eslaiul 5,5 3l
el (595 30 K> el 5 ls 0y)lS @l 3131 (595 20 9
o 503 w5l gl a2lge St bl ghle
buze jogh j9i 53 5l edghie vz pulidie )3 Lol
JUSo 51 0788] wiile (laiamgdy )3 cal piglbd L
L dzgi b cwl oad oalisiwl uidupled sl U_él)f%bg)lﬁl
5 by pslaenr g Ji&w cud Uhyy o3 el
S g55 ol slew Gds Gras colled diue oSl
s el sl sl

bl o Jols (sl (i slaal s a4 s peidlagel Jys
casye 9 g plejea JyS g9 ol 53wl @l @by s
$8Sad (bl yasite uilagel JyuS 191 53 880 S
@ loaygly casdse 5 gyl of ) & euds 4l (556 rac
Sas (S g93 ol i 33380 (6 )9Tres boySus SaS
Sy S Y sl (giledse Shn g Sue
CSdlegiy whingad el oaddihl 5955l-g 0 Suilogiy
ShasSee Jal 1y (g3l slad opue 9 hisS sbayed Jols

Modares Mechanical Engineering

o2l gas ‘alf » Ils Jlael Hl8leys 5> polylactic acid
oS (538 (Yy) SeS 5 1wl gaman Sl b wlaks
Job olel 5 slayl a0 Juasto ;030G 4 sl (52945 bl
6l -l s go UBye 3 Sl ez Uose olaw LLaSl
boaT s slel glgie alidue S8l sl (iSiws (65,5 4
e b iy 4 355 ol sl Gl i Job b ol s
stshd I ose b S 8Ge cual (ESIes )
Jsb sy LiEyz 5 335e Jate gy S @ sxigdiglin
wymio caod slasal le LS 5 amsie Lials 1, LIS

950 s o3B3k

s5lwosles Jlael b sl Suilaisw Jao-t

290> 9 53939 o gl saleg 5> el S IS sl
LI sl eygm Selew lodse gl ol
e (595 3 lgie ok Bily) 5 Seileiaw (gilwdse
Sz pu S 85 (sogo € UK 3 5gad Jleel S
Joe el sael ¢ S 43 oS jghilan .cwl sad ealy oLlis
Sid Yl 418 ego (Si) baily 93 S 4 puz 538)S
I3 selu 5l s U s ety p9d S g o LuaSl Jgl
g oSl glay Sy Bis g (gilwesle ol (3550
eygo Slee slasi Gials Gaa b goliT el (sileade
L blite Syidyla —caglils glayell ¥ Jgaz )3 .wéniy
OBz olre 01 Jsaz 55 ol oad ang] Sid 93 ol
¢ UKD 50 4 jghilan am3ge ol |y @31 4 s oSl
U oy culy coand al g Sl Job a2 cuwl oad osol
U palime Siledww @Ysles 3850 hd el I ada
29d e ¥ g ) gladhyl) wyge

X, = a,cos 8 M

y, = a,sin6 )

L sblite S 93 @ilSe (sl Shidla-caslls slayially (¥ Jsaz

ORAY]
a o di 6 S
al o o o \
a2 o ° (<] Y

claike giluosly 5 Lt hugl SosS s 085 (F S
Ol Syl coglis

Volume 21, Issue 4, April 2021



ohlSen g plalupy oslie o536 YYA

A =hb s e 95 (8l Jae o s (gilweskw sl
Sl g S2oS Lo il osol £ IS s a5 jghilen
o0 R oglad 4 (S2s5 pue 0500 L8 cud 5 ol
eSSl Job d dzgi b g 33,80 blxe olil § cuwd Sl
Caod 4 Jade gagsly ¥V Jgaz 53 0088 slayielly plo s
coli cund eSSl cwl sxol T Sy (silodse ol e
VoS Y Ly, aiSae s olal cwSil gagly 9wl
&S ygo bl odd dildgh bl dhadi gdlold Gwlely
oo a5 s g5 51 (a yn) wlaize b pus Sy dlold
ez glod byl e cud el g olil sl
Slosd (3y20 aid) 4 glayiahly ¥ Jsaz 53wl (bl
b cwl ply b 5l ahds galols

d= lax, :Zbi/,;:- C| R ™
L oS cwl Gl ez @ baipe b sdlslee ¢ dhyly )
b gdleo sl 08 4 g a8)S alols @8l 5l m o
Sl sl bl s galslae 0 daly )3 (yuizad .l ool
ol oad 039 T

y—mx=0;a=-m;b=1,c=0 (%)
y+1=0;a=0;b=1;c=1 ©)
e 3l ity Sl g Sl ez @ baype b 55 galold
R yly b 5l dhis alols T 55 adbie of glad uly e
ol 044 03l34),8

ya+tl=R-oyp,=R-1 Q)

=Y bl s cadosliiwl glayiahly 820 (¥ Jsiz

ales stably go8
R Sg5S pur glad
l oyl 2SSl g o 2Kl o dlold
m 381 b ayld] a Sl and
31U o)Lt sl gl
Xa P Sye 588 whaise
Ya > 530 (g3gae wlatie

DRSS (o R gl 4 oz b blne (5 S

Voo (3335958 oF o)lad (¥Y 5)9

FB e wlalaadl sezg Jalwg ol JS sla,lsis dlox
ol sl 0sal 0 U s igyoSIl eylogli sl it
O iy 45 (5975 4 ol (hgeldlopdgy JyiS slise y oSl
ol dlae (LI puiz 51 LT o oyl JUiSaw £95 paniuits
S2 0SS b paizen S0 Jlyl glod gige 4 ai b
2345 3950 0313 litd Wl wiygio 4 dgl a5 53950
Sl eS)> 1 Hgige Juade (iy2 83990 b wiplie wyge
ol) yasl 4 yxie o B Job st 5 G52 wliles
Ao «(EXOROD) 959581 @il )3 03,550 iBgio Mo
Ui yz) Wi Jade sly 53031 azy5 93 b Gatlsl sk 4
(hopnd ) Wb JyuS Gy Sl esliil b gl ool
sshie 4 ol Selos o g 035 duole j5lusS
s &) Jelie b3y (Ubg; ol 5 Sue b Jlee! (g5lodd
5l eslaiwl b o, Ken g (5 5like [Plagy uidilyi e ali
20l 9 9l ) Jled Jado Jlez 0S50 b BISY (g,
Lss Lol Sl el gl Iy oSaelins w¥sles ol 51 S
Wiy ol 038 35 gy 4 @y e 3335 ZlhAiul
wly Jolae Cglho comige culisd gl dug Gkl YL
Womly sl 45 SIS 8gad ol 51 oty PHab JyuS
Gidadigy wilyy xS Gl gy ol 51 PBewl oad oalasiul
(ohKer g uwle el ol oalisiwl zuo 9 cawd idulel
Glize glaay eSim e ol 53 45 2,8 &l addlgs
S Je S5 53 e ol (858 Gy )90 (sl
g1 odd (g5lwosly wawy Gadilgl wlyy gl oS G sb
wly 09 ULL.U.&\I CSy> g prwno OJ)SL.JL.‘-") 8920 g b oslaiwl
Jolis 45 mgly ol Bam dsely ams5 b 2.5 sanline

loyiehly 503 5 Golael jlaio couml cund ihw Hl>s slél

Jelss GBS sy 58] 32 1) i (e 3 58 sy
g 50 el jlass cws g 2 edSwl s (5

haled 1) asglj 0951

Sgun o1

) JiSme Sy S lzsl (O JSib

Urte SyilSo udige sole doliole



¥4 (3580 83 S o st Joor JIB isaidag ol bl s b
T=T xR = 28x0.03 =084 (A)
29SS 1an 5 ol 0,8)8 Hh8 R g, Joloe T A (b, 3

ol odds o3ly lid T b LS 390

3950 iy 1 wyge 4 B 3% S

X=fx.t) +gxU+y Q)
G359 U g st piuaw Sawlins @y bgiyo g g f gilgs
25 by 3l S 3bbse plasel y Bk 51 e amlgs Jyus
1S gz |,

Iyl <p %)
9 392 wlg> B L Jade (idyz syl pled wedls st
W odhly 5> dede S lgly e i 93 yuie
ol oionyg] edls slas eYslae

X; =0
X, =9 )
X; =X

33,50 Ciny=i W g WY balg) ygo 4 e o
s= (ditn n-lg ")
=X, —Xiq; N=2=s=¢e+2¢ ")

95 Sy s b cwl Lo S Saa bs (135500
LV iy 53 cdigdoe basipe S0 @ el jasite 93 (S
1o s 4 apsly Ol oline Bsad 093 il @ 4z g
X, = %(T — bx, — mgLsin(x,) —y) %)
3903 ¥ Sl cops b oggisge 9liaS T ol s &
GBI G8b 1 ag smles (T Jsb L g S (59 m o ilisie!
ol 0 Joaz 53 sl Siad el ©lid %z 5 LBLe Gl
ol 0ais ,S3 pslie
LS u=up+ ugy iy salgd id 93 i) 45 Jyus
& 4253 L 133500 s Ug o jhuo il 5 e 3133
Zhxiwl ugq slade o ¢yalyyly8 yho L10 dayly 318 g W daslg,
35,5 50

§=%y —%qq + 2% —2%14 =0 ;

Ueq = bx, + mgLsin(x;) + I¥4 — 2Ix, (0

+ 2l %4
33,50 oo 1T a5 GaLiacel (Y 4> 4 g3 L Uy 5
max|y| = p; o
U, = —(KI + p)sgn(s)

o432 16 US> aid) j 54 syl (8 Jssz

Jlado s=ly slad ialyly
opeses) i) (5 b Sl cuyyd
oF kg m S (Yl
WY m L S Jobo
oo FYV Kg.m? I ilgs i
Vo3l yiaS N.m y oblazel
v Nom . ilaxl gYb s>

Modares Mechanical Engineering

Sl galols 5 SogS pue glad g3gomme w azgi b
TS L degi b cwl (S el 1l oS cwndd g o)Ll
.)))f 4.\.«»[9.4 Y A.E,a'))) 449’) ol (G O340 :l;u' edie
o R
sm(z)— = : o
At +ath

Sz glad b gz yo Gl 4 glgie Vgahly 4 azgi b
Sl gl s ol cund camlge oalyhE cul b

bes wibe Pk sasli gles agly ool w8l |y olal
S2 b eslhe e sl J5S g9 ol 3 pulel Saa
dJol> §98 Lailg) I exlasul b oS cunl i les lao
.)))fuo

33850 sl @2pe (sl V I Y lg) 51 sl b
0SJLEs JiS 5 Saa (Gl 390 puuz glod 4 azgily
Sy @¥slee y5 iy 53 cwlhs (35)80 5 4yl o
L% (oSS Phb (soga gl osd odygl e
S5 58 b e 93 ohb el 53 el sadenygl e
siie g ol Jabo augly puass Jol pasite .l oad i8S
slayhly ¥ JSE 5y udlise glali wepw > e
968 lise s sl 4 ol oadonygT (Saelins bl
035k gz 53 s LSl Jolie 4 Jleel (sly 5L5 390
F gy S SeS @ Glalegl S b s (LSl JalS
s, e5lail 0% diz s LSSl 385 gl g3 S 1>
G o M 4 aogil cwl skl € Jguz y3 & s
bl 53 el ol W 085 Jhas 5 € Jgaz )3 sselws
39850 damlne LS 3,90 55 iS jlade yiSTam A

e BULEBTI

Flextion

b S !

[25] g Sexolios (Y JSib

Olales] G 53 laSsl b 5L sl GY o xSl (F Jose

[ XW] ‘aL?cjl U.la.c
(625505151 (59545 . ) .
(Kg)wss ol o] 3%
(N)osdd
YA Y. S Y \
) £ S0 Y Y
Y. s S 0 v
0 0

Volume 21, Issue 4, April 2021



ohlSen g plabuyy eslic 536 YA

(a2 j00) S0 95 ot 49l
“ 4 4 & o
\
\
\
\

(4l slo

e 33 Sy b ohb gille gilead 29 (A JSB

STB (tm—1) = w o

wXR=V
9LS iy wtl g Tm (slygly ey @ VY gabaly
B 5 ssige il ] aublie (palie )b ,oltS 5 s9ige
5145 sl Gsy gl R e (oyb 1 cusl (SuilSe Kiges
Voglea b Ghd cepw slagh wepw b ol 0o Jol>
3380 gyl
sl gaiels ool oanlie 5 A JS5 53 45 jshilen
33 o 03ly palie d dzgi b oS cuwl 43 Ae 3ga 5> ayglj
Adbse Jad BB () Joax
S ki eae Silis GugSUT 181 08 )3 Sty Jal=s
0le) e 1 DLl laged & JSE 53 pizen 3gy U
g cwl yho eS> Oolis aase plid &S cwl sadesyl
s 3929 penl § eSSy Sy
3l s lio 1381053 )3 1S 4 bgaye bl sam o 5
Jrate dglj gla &S piucs 29,5 5 b 29y ol .4
1345 jghilen ol samlie B N g ) sla S 43 1l
4 azyd Woolgads gaugly s b el pakine Ve JSU
33550 [Sem W sae 4y Juade (sl casBae c@zye olyic

[x-1E7'9]
vivoFf '

YIVeT
YNO T
Y\er
). YI-O]
Y/eo b
VAot
VA
VIAO &

\ Y V¥ \/F VA Y
(a5b) o

ooyl 5lagad (wsS LT 3810y (25,5 (A JSib

Voo (3335958 oF o)lad (¥Y 5)9

SaS @ aled v Lulys 9 el el cudo sae Ko dlaly opulys
00 cawsdy 1V dayl,

U= Up, + Ueq Y

1AuAS

of ¥z 4 WY LS gy b T I8 e¥sles b pia
&zre JUiSamo (b3 el oo cuwsay 11910 (slaabal, |
35 snlgd e jho ) pue (213 slb> 5 335

Ll

dhayly 9o a3 Syibld 2 51 Lhs Seolins (55l L3l gl
ol odddb oslaiuwl YA

v = 3¢ (M)
V=s3 %)
skl 5 390 (13Kl N0 Al 1 s laie 0 gabal )

23950 Jools Yo

. 1

V=s 1 (Tt — bx, — mgLsin(x;) — Y — X414

¥

+2(x, — )kld)] <0

3 45 g Jlaie 4 a8 b 3k 51 ale sty 1V (el

2le 3 W (sladly 038 4 Yo (sabaly (038 (8ym0 10 (s

. 1

V=s [T ((urp + Ueq) —V— ueq)] <0 ()

YY sy 08 4 W sabaly 0T s jlup, e )10
2390 Jasd

V = s[—(KI+ p)sgn(s) —y] < 0

V=—(KI+p)ls| —ys <0 [4ap)

—ys < (KT + p)|s|

V KI lade (pdgicaie ojlgen g amaxly| = p byd @ asgi b

ks Seeliny ol s 1y el Soilbld &6 S
b 39y solys o (b 4 3B el 5 1Se 03)9]y
olwsd oy OBl @5 e @
ShisS g9 ol @¥Sie (sosec ;I 45 (chattering)dicwlgs>U

393 381555 yaun glao by gl Gle rewl

S5 lodasd -0
035 (e yie - (pigad 1/0 3935 55 L 390 55litS (YL >
Gl cdie 81 0y 53 (gams 93 (g5l A SO o 3D
A JSE g ol gzt o5 i plail G2gps sdugly puess
Gy gl e glgie YV blgy 51 ealasiwl b cwl odal
O P LT ROy PRV FRETRPEI VO ROWE
Gl B Jsb whusi glyise of 51 SISl g G

'))ST Cuwd

Urte SyilSo udige sole doliole



YA 858) 4 [0S ot cuss o> BB sy wly colu g pohb

xyo—¥

Y. Yo ¥e Fe o Bde £ Yo Ae Qe Ve
(46) oo

g (53333 Sl Loy ez 5 (38 Bl jlaged (W UK

\ ¥ 7 Y T G W
- JA i J,—vr;::::;—-.gu
2 s
-If
Lo
1.
1:’-'l"
—. /5
N
co Y Yo Yo Fe Be fe v A Qe Y.

(456) oo

wginS o (5313 Hl3ges (VF S

T T o ale 5 e

53 o

-0

Y. Yo ¥ Fe pe Feo Ve Ae Ar e
(4l oo

GwgianS (53935 S olej > 1 (i) xhau slaged (10 SO

lacaehd cie Jildo 53 oauiS yuS )by (o p-#
pie b 4w s ohb iy &5 ssbples
51 esdininoher Saelips 5 coldlinel i Llacaeks
b deleie glawly ohgar el s gulel glagill
Ui s2eLlS ogail g i ly el gl
(Shes G ez sl end anyel slapsie wadmhb

Modares Mechanical Engineering

(4 y0) Juaio 4 gl5
~

e Y Y Fe o As Feo Ve Ae Qe e
(il ol

OLAj [ x1 )lbga.'! (\’ LJSA:’

Yo Ye Y. Feopa. Fe Ve Ae Qs Y.l
(48) o

0l > 1 32 e slagad (W JSB

Jate &l 5 gzpe dgly Jolis (32l ahw 2hb ol 5
b & ol @i s> (B8] ahw @ly ;3 038 Lyl
olgioe Lisa) ahw 9 1) Kb 4 4295 b 335 [Sen yio 4
ohb Griweso glp cwl umo JyS ohb wls
A (gilodid GugianS 5 ugiaw e Ly (S
2 s 93 ol Gl G ghe 295 9 e 2Ly
@y xbw (_,,gl)iua ol o.b.i‘:oé)gT 0 GV gl S
3l S eusS S b ocuwlie (oL, PR RO Cew

el osdmhb (S slayial)ly oo

— )

” “ s 8 e it e

Lo
SN

Ve Yo ¥e Fr o Be Feoy. Ae Q).
(i) o

g o (5213 55903 (W JS3

Volume 21, Issue 4, April 2021



ohlKen g plabupy el o535 YAY

i8S 5158 LalojT 390 sles 51 (suw shai (Y Joao

elxdyd Va8 slatal salily

(5399 (5955 9 ] eS)y> ey
gl lSel 3 ol 00815
315 3929 (54lks!

5 waol 05 For 391> )3 alug i

)'| oslasw! W)g)lfg,@c
g

=hb el cws (595 9 cuad B A ﬁ53‘31'|9059

10 glhe eds (iSiwd
b el ¢lol (s (3133 lel,

obless 5 dms sl 3485 jleslizal 5 sl JyS 5 (g51lel,
ol gy
ol Gglhao saids (2hb eu5uilKe A el 5ol
st pulslee IS oS sl )
’ \4 >l &gz J8las

b phels duje cwl yigs Jided
o ol Sloe S jI s 09z
Calho g 3guxe (Span (55 cwl a

.L'.'A.v.)'

Al J8ls>

el 353 35 (595 2 Lilesl 5 slew ikl I Jol> ol @
B Gl cage (ESiws 2hb s wds GiliEl (Ko
33850 o iy 5 et S 53 (4295

o2l ilopine sl cwl ool A Jgsz 5 e wlaxie
eyg0 L8151 (g i dlass (5gy w1 LialejT 45 3gs @Y oK
oblexy 555 » Ulalel bl cosgizme Js @ Lol 38
Jlow 52 s 310l liw yp wilehd (gojlail sl iz e
A sl uMJLQ)T ol gl

(S ssSazaii-A

S8 bt 4 s (gl33] plgi el K @il Wlis ol Gan
s (Fhw )l ghlew g Swlwl cuws 45 Wie S804
395 s oS3 353l 5 ple] oSlay 40 08 wliulie
oslastuwl wiile (g aili o5ilKe G 51 el (ol &8y (gl it
3 coge wly Ko li] wilsys sasd oS olxil 1 a
L oogdie vy ol 5 pieaw Suzw daSlee
(5L (pitaS] Sy sl b 63T 3 5555000
i @il Jos 15 gl S s

G 525 S0 ol o b g (5300 &S e 4y oS (g3l)31 5
3318 3,8 g 59550 wawd I (laSSl Gemb wdls (Wigd o oSl

K e cdls 4y 1y 395 (Ll gy salgss

i8S )18 Slaleil 396 slew wlasuive (A Jgaz

o ey Cupuiz
Jls oY o
T s )l calglos g8
Jo FF callas gloj e
5355 53 Wolad culgles ede
30 cal 523 (5368 55 sl s 4 ey honsiigs

At 0 (SIWSido )L>b).u Lhﬁ‘.\i] ol g onds

Voo (3335958 oF o)lad (¥Y 5)9

0313 yuasi Mo lise 4y g SEolal ysb 4 SKhael g Sid Jsb
45l o sl g st YE (gl 098 4y s ool A
33,5 (el YO dlayly @

oy a3z ylake = ol Jladie X [12 (09100 (950as ylaie)] (Y%)
X1 —X

o X1 %1 v0)
X1d

e gl 4 Jade 29> gl (X YL gakily s
2wl oglho 29> Gl X1 9 vl > Gislas
wlyusi G3slai (saiged Vo (sly s (uSbo Jlaie T Jgan
Gl 4 JS slas puimen ol oad o397 layioll calideo
bl oad diwlxo (plojpr job 4 Layiohly (gaan wlpnss
i plgie ol Sen jho @ s slhs ol 4 dzg

cwl 2oy eeashs pie Jlie y3 onimhb Jyus

sless (595 5 Lalejl-¥

o 03 b plaleil slew S gy ol able iSs
G035 sl jgige Sy plod S 93 SeS @ Glolej]
glad L) Szsf puer Sy cwdlys jlen by ol SeS
Gialol ol V1 JSE py a8 Wil |y el ¥ Tsgas
GaSwd (695 12 45 35 53550 SO SaS o ] o3 0l Liss
wSy> &S Gloj 9 3350 JLis Jrabe gdgli el oad ual
39 Jabe 35y (saials 1 585 (sasls gl o ygige
2350 B8 loyd @l

35 JeaSS 1) ¥ il Jgaz slew o] plal I amy
azgi b adlie Ve B v 5l Gaajlotel 83gae cunl S5 4 039

eazhd eac b dalgo 53 SIS iy (5 Jgaz
02She plize  Holial diges Slass i liae

o glhs  oadiglwdsd Gialas PEE
Fx)o¥ \e adgl lado Vo (HSad Jsb
OxVe-Y ). adgl ylsdo) 7 (m)py=>

YA\ \. audgl jlase)er (Hihes 33

Y/Aax).-Y \e adgl Jlaielez  (b)Slasl Cuys

1/A4x1e_Y \ adgl jlaiote bl F oy pss

/

) all
ol ol 53 jlows g9y y odddisle @by Glee cwd (1 JS&
ez 855 g @l baaogl Jlass s adil (©sleg s (A

Urte SyilSo udige sole doliole



rAY 858) 4 [0S ot cuss o> BB sy wly colu g pohb

el 03)S5 wdlyyy e gilie 4;9§>.~.m Gz ol 1 le gilia

&ilio

1- Masiero S, Carraro E, Ferraro C, Gallina P, Rossi A,
Rosati G. Upper limb rehabilitation robotics after
stroke: a perspective from the University of Padua,
Italy. Journal of  Rehabilitation  Medicine.
2009;41(12):981-5.

2- Uchida H, Murakami T. An approach to power assist
hand exoskeleton for patients with paralysis. In2018
IEEE 15th International Workshop on Advanced
Motion Control (AMC) 2018 (pp. 657-662). IEEE.

3- Manna SK, Dubey VN. Comparative study of

actuation systems for portable upper limb
exoskeletons. Medical engineering & physics.
2018;60:1-3.

4- Heo P, Gu GM, Lee S], Rhee K, Kim ]. Current hand
exoskeleton technologies for rehabilitation and
assistive engineering. International Journal of
Precision Engineering and Manufacturing.
2012;13(5):807-24.

5- Refour E, Sebastian B, Ben-Tzvi P. Two-digit robotic
exoskeleton glove mechanism: Design and integration.
Journal of Mechanisms and Robotics. 2018;10(2).

6- Kang BB, Lee H, In H, Jeong U, Chung ], Cho K].
Development of a polymer-based tendon-driven
wearable robotic hand. In2016 IEEE International
Conference on Robotics and Automation (ICRA) 2016
(pp- 3750-3755). IEEE.

7- Yun SS, Kang BB, Cho K]. Exo-glove PM: An easily
customizable modularized pneumatic assistive glove.
IEEE Robotics and Automation Letters.
2017;2(3):1725-32.

8- Dunaway S, Dezsi DB, Perkins ], Tran D, Naft J. Case
report on the use of a custom myoelectric elbow-
wrist-hand orthosis for the remediation of upper
extremity paresis and loss of function in chronic
stroke. Military medicine. 2017;182(7):e1963-8.

9- Conti R, Allotta B, Meli E, Ridolfi A. Development,
design and validation of an assistive device for hand
disabilities based on an innovative mechanism.
Robotica. 2017;35(4):892-906.

10- Jo I, Bae J. Design and control of a wearable hand
exoskeleton with force-controllable and compact
actuator modules. In2015 IEEE International
Conference on Robotics and Automation (ICRA) 2015
(pp. 5596-5601). IEEE.

11- Chiri A, Vitiello N, Giovacchini F, Roccella S, Vecchi
F, Carrozza MC. Mechatronic design and
characterization of the index finger module of a hand
exoskeleton for post-stroke rehabilitation.
IEEE/ASmE Transactions on mechatronics.
2011;17(5):884-94.

12- Dehghan Neistanak V, M Moghaddam M, Abbasi
Moshaei AR. Design of a hand tendon injury
rehabilitation system wusing a DOF constrainer
mechanism. Modares Mechanical Engineering.
2020;20(1):1-2.

13- Torres ], Cotelo ], Karl J, Gordon AP. Mechanical
property optimization of FDM PLA in shear with
multiple objectives. Jom. 2015 May;67(5):1183-93.

Modares Mechanical Engineering

SO dlwg @ o Al Clo Sty SO SaS a1 .yl
S camdge )3 Sl Jabe dw gl e85 53 (sam dw Ol
ol jshie @ dhel S Bk I wdS LS el b
L ol (595 2 Klee ual g bl colis (ewd o pLdlse
Ly S SaS @y dghd ol Lad aidlo gam dw Dls SaS
3 6318 (295 g Yol SO 0550 8 s (555 0 sl
Ao Jaite g 4y ashd (ol 5 o (S

2 B 5 b ol dskd (59, ol @ Jate Gy g Slee
e Sloe £53 Olacil sigdse Juate (o 4 (1S 3l oad
wygo Sl oo 53 jud (gilwdand g oslw lalejl polal 5
dS

Jalod ol g 3 Jdxd GugSLT 1381053 )3 eadsaislo ekl
EELEPS B VL R e A
g2 OISSs Sy (gly et slagg s

9o s lapg Bl Job s (pludl caws 53 &5 jghiles
Jsb s b 55 (g ol )3 33d 50 s (LSSl e8>
e Juole Sy ol JS

Oidle b jhie dw jloads asbo slagigy o syl G job 4
Aiwd d>lg0

@bT @l Gllae laluws U sed e (2Y5) Sy gali1-)
(.39 il Ll

e 305 (6l by S 33850 (BW) Glel Jyus-Y
(335

g Jo a8 5 g (b wile g0l e lio-Y

(S slagbs; glgil (595 2 S0 oy 3l e
wile alagbsy bey S bl Gajel b JpS Lol
a5 355 damite sloSue Liejli gy S5 5 udlagel S
51 el cplply adpe oBiws iy 3 dinie Oilidl Caw
ol @ wlilasel b adblio lSel god b5 16 JyuS
o b o5l lisS @y oLk adbe jleesly LB
(xa) 3350 Al Phb (sl i Hge e glad
b oS cuwllas gailuyyio 4 g dgly ool oS s JxuS Saa
ol 01338 Lol 0 02 10 918 (slan IS dy g

Glelge 4 jlew (595 30 ale ialeT sz (sl ilya8 g S
L oo ol & 391 5l dise @illae balyd b jles 9 Las il
erime sLiel tplge 555 @il 5 M i il wsslue
JS oLl 5 8 e ol oK psle olKtls ale i
el ) IS el 5 G128

sapay Ol 4 (6,505 Lyl )3 iSU i ol 1 BYST aganli
ol o0 Jlyl (6,505 &5 40 55 a5l 3 sl

ol 0485 )53 Sl ow 5l (5290 :@lie (Bylad

ol 00 )3 S aingl om0 5| (5990 1B aucgh ou

Volume 21, Issue 4, April 2021



ohlSen g plabupy ol o535 YAF

Voo (3335958 oF o)lad (¥Y 5)9

14- Anam K, Al-Jumaily AA. Active exoskeleton control
systems: State of the art. Procedia Engineering.
2012;41:988-94.

15- Shen Y, Sun ], Ma ], Rosen J. Admittance Control
Scheme Comparison of EXO-UL8: A Dual-Arm
Exoskeleton Robotic System. In2019 IEEE 16th
International Conference on Rehabilitation Robotics
(ICORR) 2019 (pp. 611-617). IEEE.

16- Qu Z, Dorsey ]. Robust tracking control of robots
by a linear feedback law. IEEE Transactions on
Automatic Control. 1991;36(9):1081-4.

17- Leonardis D, Barsotti M, Loconsole C, Solazzi M,
Troncossi M, Mazzotti C, Castelli VP, Procopio C,
Lamola G, Chisari C, Bergamasco M. An EMG-
controlled robotic hand exoskeleton for bilateral
rehabilitation. IEEE transactions on haptics.
2015;8(2):140-51.

18- Meng Q, Meng Q, Yu H, Wei X. A survey on sEMG
control strategies of wearable hand exoskeleton for
rehabilitation. In2017 2nd Asia-Pacific Conference on
Intelligent Robot Systems (ACIRS) 2017 (pp. 165-
169). IEEE.

19- Zhang F, Lin L, Yang L, Fu Y. Variable impedance
control of finger exoskeleton for hand rehabilitation
following stroke. Industrial Robot: the international
journal of robotics research and application. 2019.

20- Ying C, Jia-fan Z, Can-jun Y, Bin N. Design and
hybrid control of the pneumatic force-feedback
systems for Arm-Exoskeleton by using on/off valve.
Mechatronics. 2007;17(6):325-35.

21- Rahman MH, Ouimet TK, Saad M, Kenne ]P,
Archambault PS. Development and control of a
wearable robot for rehabilitation of elbow and
shoulder joint movements. InIECON 2010-36th
Annual Conference on IEEE Industrial Electronics
Society 2010 (pp. 1506-1511). IEEE.

22- Mokhtari M, Taghizadeh M, Mazare M. Optimal
adaptive high-order super twisting sliding mode
control of a lower limb exoskeleton robot. Modares
Mechanical Engineering. 2019;19(3):777-87.

23- Moshaii AA, Moghaddam MM, Niestanak VD. Fuzzy
sliding mode control of a wearable rehabilitation
robot for wrist and finger. Industrial Robot: the
international journal of robotics research and
application. 2019.

24- Abbasi Moshaei AR, Mohammadi Moghaddam M,
Dehghan Neistanak V. Analytical model of hand
phalanges desired trajectory for rehabilitation and
design a sliding mode controller based on this model.
Modares Mechanical Engineering. 2020;20(1):129-37.
25- Zheng R, Li ]. Kinematics and workspace analysis
of an exoskeleton for thumb and index finger
rehabilitation. In2010 IEEE International Conference
on Robotics and Biomimetics 2010 (pp. 80-84). IEEE.

Urte SyilSo udige sole doliole



