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CW=O xHwD O}=@ u=QpYit Qvi|=Q@ "CU= xOW xO=O u=Wv 1 pwOH QO =yQviC@=F
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|}q=@ C}ty= R= |vt}= 'CU= s}kDUt \=@DQ= QO u=Uv= =@ C=@ Q xm u}= x@ xHwD =@
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wQ}v OQwNR=@ w |Q}PB CWoQ@ u}t-=D "5"3"2

|QU |=yQorta OQ@ Q=m 'wQ}v pQDvm p=ta= w Qorta |Q}PBCWoQ@ jkLD |=Q@
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=
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+
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#
+
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G1
G2

#
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M11 = I1 (5)
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"p}tOQD |wQ |awvYt |=B l} =@ C=@ Q uwtR; "16 pmW

p}tOQD |wQ uDiQ x=Q s=ovy u=Q pYit |=Q@ |ak=w w ?wr]t Q}Ut "17 pmW
"(Kp = 80;Kv = 8)

p}tOQD |wQ uDiQ x=Q s=ovy wv=R pYit |=Q@ |ak=w w ?wr]t Q}Ut "18 pmW
"(Kp = 60;Kv = 10)

QwDwt p=kDv= xm CU= u}= OwW xHwD u; x@ CU= sRq xm |}xDmv "CU= xOW ^=Lr
xOW Ea=@ 'CU= xO=O Vy=m =Q |UQv}= xm u}= Q@ xwqa C=@ Q x}=B x@ wv=R pYit
|wR=@ Qw=DWo ptar=Tma xm CQwY u}= x@ "Ovvm pta sy R= pkDUt wR=@ wO CU=
|}q=@ |wR=@ |wQ |v}}=B |wR=@ QwDwt Qo = |rw OwW|t pkDvt C=@ Q x}=B x@ |v}}=B
xHwD =@ "OW|t pkDvt |}q=@ |wR=@ QwDwt x@ =t}kDUt ptar=Tma u}= 'CW=O Q=Qk
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Q@m=
|ra |UQv}= OyO|t u=Wv =yC=@ Q Q}=U =@ C=@ Q |UQv}= |xU}=kt "OwW |L=Q] |UQv}=

xO=iDU= =@ Tm@ Q}o |UQv}= w l =m]Y= "CU= xDW=O |}x_Lqt p@=k Vy=m C=@ Q
QO Q=m u}= "CU= |R=U|FvN p@=k |O=} R OwOL =D l}DUq= |QU |=yQorta R=
x=Qty x@ |R}t;C}kiwt G}=Dv w xOW s=Hv= VywSB u}= C=R=wtx@ Qo}O VywSB l}
pQDvm |=yVwQ |R=UxO=}B u=mt= w xOw@ u}}=B C=@ Q Tv=OBt= xH}DvQO "CU= xDW=O

"Ovm|t sy=Qi |@ wN x@ =Q wQ}v
pYit QO |m} '=B Qy |=Q@ p=ai |O=R; xHQO wO '|O=R; C=HQO u}t-=D |=Q@
u}}=B w q=@ x@ CmQL R}v xvDq=@ |=Q@ "OW xDiQo Q_v QO 'u=Q pYit QO |Qo}O w wv=R
'p}tOQD |wQ xOW s=Hv= |=yuwtR; "OwW|t pQDvm Qvi \UwD xm xOW xDiQo Q_v QO
xwqa "Ovm|t O}}-=D =Q uDiQ x=Q sD} Qwor= p=ta= |=Q@ |O=R; C=HQO u}= uOw@ ?U=vt
s=ovy =B |DL=Q u}t-=D |=Q@ �� u=Q pYit QO R}v p=ai Q}e |O=R; xHQO l} 'u}= Q@
=@ j@=]t |O=R; C=HQO 'C=@ Q |vt}= u}t-=D |=Q@ "CU= xOW p=ta= �� uDiQ x=Q

"Ov=xOW OwOLt u=Uv= uDiQ x=Q l}D=tv}U
|O=R; C=HQO 'u}}=B |UQv}= xrtH R= xOW h} QaD h=Oy= C=@ Q ẁtHt QO
|=yuwtR; u}vJty "OQ=O =Q wQ}v |=yQrQDvm |R=UxO=}B u=mt= w 'q=@ |vt}= '?U=vt
|=yQ=m xrtHR= "CU= uDiQ x=Q sD} Qwor= p=ta= QO C=@ Q C}r@=k Qou=Wv xOW s=Hv=
VwQ Ovv=t wQ}v pQDvm |=yVwQ Q}=U |R=UxO=}B OW Oy=wN s=Hv= C=@ Q |wQ xm |D;

"CU= C=@ Q |wQ Q}Ut pQDvm

u=Wv Q=DN=U =@ Tv=OBt= pQDvm Qw_vt u}= |=Q@ "OW=@ xDW=O pta |O=R; u} QtD
Q}}eD =@ u=wD|t xOvvmpQDvm u}= QO "CU= xOW |R=UxO=}B 19 pmW QO xOW xO=O
|=yxQy@ QO "O=O Q}}eD =Q `HQt Q}Ut R= Q=t}@ Q}Ut h=QLv= u=R}t |Uv=OBt= |=yxQy@
=Q |i=QLv= I}y xR=H= w Ovm|t pta C}akwt pQDvm l} Ovv=t Tv=OBt= pQDvm 'q=@
�21 pmW� sr=U u=Uv= |wQ C=@ Q uwtR; G}=Dv 20 pmW QO "OyO|tv Q=t}@ x@
|O=R; u=wD|t |Uv=OBt= |=yxQy@ Vy=m =@ "CU= xOW xO=O u=Wv q=@ |=yxQy@ =@

"OQm sy=Qi Q=t}@ |=Q@ =Q pta
l}DUq= |QU |=yQorta R= 'jwi |xkrL QO xOW xO=O u=Wv Qw=DWo pQDvm |=Q@

"CU= xOW xO=O u=Wv 6 pmW QO Qorta u}= Q=DN=U "CU= xOW xO=iDU=

|Q}oxH}Dv "6
sD} Qwor= p=ta= |=Q@ xm OW x�=Q= O}OH |L=Q] =@ |WN@u=wD C=@ Ql} Q=DWwv u}= QO
|i=m |O=R; C=HQO q=@ |vt}= w |Q}PBCWoQ@ 'wQ}v pQDvm u=mt= 'uDiQ x=Q |a}@]

"OQ=O
=Q l =m]Y= w '|UQv}= |=ywQ}v O}=@ |UvQ=BUv=QD w |Q}PBCWoQ@ u}t-=D |=Q@
u} QDsm =@ C=@ Q =D OW |aU C=@ Q uRw w |UQv}= |=ywQ}v Vy=m |=Q@ "O=O Vy=m

=yCWwv=B
1. Lokomat
2. Lopes
3. Alex
4. Pogo
5. backdrivability
6. series elastic actuators
7. body weight supported treadmill training (BWSTT)
8. Sagittal plane
9. Coronal plane
10. Transverse plane
11. linear guide
12. high force �delity
13. timing belt
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