


’ ."00' ’.’/.
’/W&b
gig.?lg)gé).g (W0 PRC W KY

J S ol (ol )5 aolipgbly

Sy o F 1l b a3 oy sl Oy ilogol pluy J 58

oJ...oS ulf).a :o..\.i)lfd

Lo.'».b‘) Stiw!

B o deme SO

VYA 90 o



—= :—{/\t( AN sojled
SR Bl Slidouty

sy L"f’i%;
oSS WMoz Cu e

Ayl (w37 0590 dols oLl 3 gls olg dulos ygo (V) olols o 8

o)la..."u Lv GL'.GS ulf)c LgBT 7 ral;— ..Lf.a_)l L;»L.Ju_)l; el ULLLi )i C\&J MJ.’- Lfti))l Jlaza .»U}‘Ja'- JL_:_ E) (.an Lv

Ui Ol Ol puilsgal plBuny JisS 10l gt Cos JptiS 20l T 51 oo b, ADIYFYF ot gl

23l (grie oO8ils 55 Oyl proe Sl i LIWAAEIN 5,6 55 & Sy (510wl b a5 ol

Z;:qu,a ple! okd T gu\ia_;f_)lfjg

[ 5350 Zﬁa}(}f 39 b) Jod

O e " RS RISy
£l e STlgils plig pb
P ro9e 53910 Dl 5
Y (SIS} s gac
r i o/
T > i - I slodl ol =)
s =g Cbﬁ%)»“/d) S
l 295 sloal yoluwl -¥
slieo obiwl =Y

o oy
/62D y’})}\)‘;\/{/ (koSS Odpan ouizloi -F

2= e £
Fll? o) ,/)7/”'))/ Jsl ey sliwel —8

5 S (yoeion Slwl —§
s | e
=

20 USLUGD guuid Solails pl g pb
(<

pregbisianne.o § sbaol ¢ fu )l

D S0 LSS ST g 39950 (oS &S 00 40 10 yuand
(o9 I3 polo 51 vy wald

L




(X .

VD, uu/u/,f‘” rﬁw VAt T
:g,«;»f;,afﬂ,«;"/’:w;
e L‘U}LL“;}W"L',@‘T
F’/M;/LL,V,«/ 2
...}gugu%/;u}f,ﬁc)c{ﬁ/;ﬁw
u@'/};
kil

u(;’)[;l



.wwwyy{;qfdﬁﬂ "’,«}uﬁzuc/

.ﬁéﬁ;w ﬂc’f‘wc}f»@fjJW&,,JF’/"‘M,jueD

/‘51 u,:;)ﬁ';d/f{.:/tfj,-[uggqv (?Uh,@uwff“@@ [ (};L"Ajﬁufj‘
. ﬁu’d.'w;’

.);/@;uﬁf))l 2938 S )



doli wprs

olBilo Sy 9 B0 (oo 00Siiils J ST (8 g9 omwdiden Ay oyl ol )15 0,90 (gammiils (ndS 0 ol
55 laial, o 3y 55 il 4 arly Blsh Sy gl o5 558 4l s 35,00 into
Pl Moo T (G doo

W )‘é)Pﬂ cJls! 9 Cone )| 9 Sl 00 ﬁl?ol wL?b..g“ ‘Ia.u.:}: Mbuhb U‘-"l B uLM?u L
- el 0l sl oolainl 850 a2 o 4y [0 ladore lotdsy gl 5l eolainl ;o @

o gon 5o il b S e £ on il o (sl 6550 9,3 b 355 L 055 adbihly o gyaie b @

- el oais &l

e Bl » ol b 2 i Sl g ail oo 09,0L0 Saio oKl 4 slaie Sl ol seine Gai alS @

- dew S2ly> Ol 4 « Shahrood University of Technology » L 5 « s ,als

5l z e OVl o il ooy )I.\ff;l; Al bl ol mls el cass 5 j0 a5 g0l 8l plos (soine Goi> @

20,8 o cule, 4l

5 Laslgs sl oo sl (Lol sleBl b ) oai) 99250 5145 (60,150 40 ¢ alibly oyl plowl 10 adS o @

O PRVRCN IS NE B

ooy oolatwl b 4zl pw yiws ol Bl padeds Sledbl 039> a4y a7 (605l90 10 Aol cpl pbxil Jolyo aldS” o @

el oas cale,y Ll IS Jgol 5 Llss 61551, ol e

&b
onils gLl

o 3> 9 i casdlo

a3l Sljzs g o 580 e 5 ¢ gl bl slo asl o LS ¢ 7z Buiae SYlie) ] SV game g il opl (sgine o> alS
S0l SS abg e sele Cladgr (o Latie g 4 b cdlae (pl L il e 09,0l Siis olKidls 4 Blae (Cl oald

Al el jlre @ e S8 ey aelibl (o 0920 gl 5 Dledlbl 5l oolail




"4

L4

»

S o paly pelulp 4l oesly b, il play J7ST pies (ib casbilly cnl o
potie 33 b Jleizl oy hlie jo Dby (som 3l cilanie 18, G jslae 4y 050 oo il 5Ly
Sy S ot e 5ot 55 03,0 S5 pote ol ol LS i, 5 5 03l ot
535 5 CamBye J S Cux i A iloagel S5 ol e 4y plSy oaS Sl Al (il
S apl; sl a5y J5S o ply (62550 58 soleidan J5S 2ib (ssls 05 o0 oolital
ol Joo 3l 090 o1 5lidy J 58 0 el S e bl (o0 ply 00iiS S S5 6l 2l o slisS
by A )0 el 0l e (LS sla s, o eelel Gl Ko lie o Cl jle 5 2L
Sl 5 g yieS Slawlre ghyls 5 ool jglics spal, 5 e Glaig, b awolie o solpiin
75 0sls sl U 5 335 e pliie 525 S, 1o s Salys g 5 581, 5 ol

b oanolie coolpain g, Cuje ool lid gl 0gd o dxlge joliis S ol (o baS e

SF N g (hey A Camd |y goloiian (g; 2L gileand s 0gd e plxl pge e b,

Pl J S (asily by by J 58 o paly uilagsl 58 s guads wleds’



Az

doddo : Jgl Juad

dodo V)

D eieilys sle Sl asms b Y-

hlg gle Dby S8 gla oo ,55 ¥

asb kb 2 9 ¥

ES "“93:P9‘> ' .

AR

AR

VY e
\Y.

\Y

SI5T Jled poi iy o3 1Y

S Jlab e Bl e Y-FY

S8 Jled Sl i T-F-Y

oglde Jld Ol s F-F-Y

................................................................... a5 L)""L’ M‘y ».\33) O-yY
.................................................................... il s Sl a5 FY



N 7 ettt ettt s e e se et netss s s enenas cs““""""‘?" Lgl.:b C;Lg)f‘)b)awggb)b\)li\/—\’

N s by Condge JuS V=YY
15 Sowt 4 Jlasl (S5, J 5 Y-Y-Y

29LlS 5 el y (bl g uilool J 505 1o gm0 Juad

YA dodde V-V

Yoo HLiS Al uilagel J ST g, Y-V

Y et s s eolins SYoleo VY-V

Y ) bbbt ol s Y-Y-Y
T et eees IS s (6 5k deds Y-V-Y

5Wdg ol lal 2 &3 (s (iled Wby ilogel el J 555 0,k Joas

| SR doddo V-F

Y'Y rnliwouJ)*Sf‘)LY—f

Y Sanlios SYolae V-V-F
e rrertte s ol s Y-Y-F

DY ettt ss s Lg)_:fd.?g:.ﬁ\—a




Yy

Jées

........ 5oliS b uslanel oansS J uS 61, 5L s STeli(V-Y) S

Y

Yy

....... uL‘"-“-" u}Ua.c u...:ﬁyo JLai..uJ (Y—\N)J&u

YY

Jate Colbe Sae s JUSow (F-V) S

YY

Fr=ON (sl ool pnne (55259, sl (F-1) S

Yo

Fr=ON (1 wgllae C yus 5 150, sl (O-Y) S

Yo

...... Fr=ON (clys milogl (gl (P-Y) IS

\id

Fr=1ON (gl oslan yons 6,5, (gl (V-Y) S5

2

Fr=lON Gl oslae Cs s (6255, sl (A-Y) S

A

................ Fr=10N 6‘)’. w,.i\d.?.a] Sl (Q—V)JSX:

Y

3y JS sl ool lSley oasiS’ J 5 ol 5o S5 (1-F ) IS

s5e oollae Coadga (Y-F ) S5

\AS
Y

Y

¥

s¥ge wsllae ey (F-F) S0

s¥ge wsllae (b > (F-F) S

FizON (sl s a8y 00iiS J 78 (sl wosllas Condge (0-F) IS

¥

Frh=0N 6‘).3 ﬁLiw.: OMJ)-MS 6‘)‘? qua.o L (?—\C)JS»:

T

T

...... Fn=0N 6‘)‘3 PR )LJ5 Jt.iuu (V—\C)JS&:

Fr=ON (sl sl plny 00isS” S bawgs j9ige Cumdge (6 u50, sl (A-F) JS

Fr=ON (sl sl plluy 00isS” J S awgd j9ige e s (6 059, sl (A-F) JS

£



o

Fh=ON (sl sl pliny oaisS 508 Lawss 5550 Gl 65573, sl (V--F) S

BF e Frm10N (olyy plSny 0aitS 55 sl ogllas Conmbyo (V) -F) IS5
Al Fr=10N (sl ply oaiss 78 sl osllas s s (VY-F) JSC0
v Fr=10N !y ,5g0 oollas (b > (VW-F ) IS
FA Fr=10N (512 y555e 5ty JiSem (VF-F) S
A e 10N (gl (sl plSiany 00iS 508 Lasgs 530 Canebso (5,53, sllas (V0-F) IS
£A Frm10N (gl (sl plfiany 00iiS 505 Laugs )30 ot pos (6,659, sllas (V9-F) IS
¥

......................................... Fr=10N ‘_g‘ﬁ ‘_g‘ﬁ ’oli....: IRVELY J).US Ja...)y 990 ub).> ‘5).35.)) la> (\V—\C)JS..Z









doddo V-
anld (b5 o] qlie 5 Bolal (s RS azen Jelse I 0 a5 (o5 sla o Ulsl
Cenlond (L2 0le e olml g (6T JSS arge Cenlod S 59 Oludl ;o sk S 5 (10
S8bes dggd Bun b oS Cul o (Soielensd b (Supd oloyd e 4 cisugly ke V]
Al S5k sl plail 4 1) rlo (slacS > plonil LUy WS go oame (Dlae g (omae (sloaS e
) S £55 Sk Glagnyed 5 o0 S Ysb playd 0)50 il wad (Fasscel o5 60,150 5
Slaie 4 ieily b leislh Gloys b Cuaslodds o ol (yman ddb o s 5 lojeolans Ll 4,
Jore g5 Gl )0 (paass Aty S g 95K 18 g 8550 )5 g canlie > o) SO
Pl 5 oS (glofes (sloys Ay 5 3)f5 52s oy slaplail yo &5 osts Ll 4y telys ate) 29
&g 058 ol el 03,5 oy (xrmg Sl 0008 318 393 38 4 parie sladatiie b sl
sl o yo (gl siduilys pol b sl ools czgo ol oo 95190 ST o a5 Sl g Cd0 ,LS o
FB 5 6L @lby 330 plxnil o lasly) a5 Sl ol cnl jo all )b cdiee 5 JSie SiSules
ol o 1 o] g wisd el o il LS o Lisedls ol o b odd corge s o3,a0b 5
@ 3l gla e jo (pisily) Sleys (p s slacl, gy cpl haies )b Gleye )15 sla S
ilodges il 995 4 1) liime 5 latetils I (g5l ax g 45T (B93 5 (g SIIHSS S plgie

DS SaS e jiodlel 4 doye ol o T A.Z.;‘as‘s.o b, as culosls i Olaass

9 e ille (bynd (ol jws Ol S8 a4 sl loyd aie) 10 pledige paass Collad

ol 5l (S wloas aslis lacly, 0,8, 5 ol arws K olsis 4 isly ol slacl,

' physiotherapy
* Physiological or physical therapy
* Rehabilitation
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Abstract

In this thesis, the design of an impedance backstepping control for low-rehabilitation robot based on
voltage control strategy is presented. In this thesis, the impedance concept is used in order to realize
the robot's flexible behavior against the possible force of the individual foot, and this concept is used
in the backstepping control method. In other words, the backstepping controller with impedance
controller is used to control position and force for controlling the lower haunch rehabilitation robot,
respectively. The innovation of the proposed control scheme is to apply a voltage control strategy
instead of a torque control strategy in implementing a backstepping controller. The advantage of a
voltage control strategy is that it is free from the dynamic model of the robot and the patient, which
has been a major challenge in previous approaches. As a result, the proposed method is simpler, less
computationally efficient, and more efficient than torque-based methods. In addition, in the voltage
control strategy, the dynamics of the robot actuators are also taken into account. Also, this strategy is
not facing to actuators ignoring error in in the torque control strategy. To illustrate the advantages of
the proposed method, a comparison with the conventional method is performed. The simulation
results show that the proposed method performs better than the conventional method in performing
common rehabilitation exercises.

Keywords: impedance control, voltage control strategy, rehabilitation robot, backstepping control
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