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G}=Dv "OW |Qw;`tH u=yH hrDNt |=yQwWm R= Qiv 1203 �QiU QD=wD w xOW xOwt}B
QO QiU QD=wD w xOW xOwt}B Ci=Ut 'QiU |xw}W 'QiU h=Oy= |v=w=Qi xm O=O u=Wv
|=Q@ "OvQ=O |}x_Lqt p@=k Cw=iD 19 O} wm TwQ} w |Q}oxty u}L QO w p@k \}=QW
xQtRwQ |=yO} QN x@ \w@ Qt =yQiU ?r=e 19 O} wm TwQ} w |Q}oxty u}L QO xvwtv
|Q}otWJ Vkv |r}YLD w |Q=m QiU h=Oy= u; R= p@k xm |r=L QO "CU= xOw@
OwN QiU xw}W O=Qi= |yHwD p@=k Qw] x@ xm OQm XNWt G}=Dv 'u}vJty "Ov=xDW=O
|Q=wU w Crm}UQwDwt pt=W� |QwDwt QiU |=yxw}W x@ |v=oty x}rkv p}=Uw R= =Q
|Q=wU C}mr=t 'C}UvH 'C}=yv QO "Ov=xO=O Q}}eD p=ai QiU |=yxw}W w �|YNW
TwQ} w =@ \@DQt pt=wa w QiU |rY= hOy 'QiU Ci=Ut '|reW x=o}=H '|YNW
?=NDv= Q@ Q=PoQF= |=yQ}eDt u} QDsyt �qD@= x@ \w@ Qt |=y|v=Qov Ovv=t� 19 O} wm

"OvOW xDN=vW QiU xw}W
GPS x=oDUO R= xO=iDU= =@ 2021 p=U QO |}xar=]t QO u=Q=mty w 21|wrwt
XNWt =yu; [24]"OvOQm |UQQ@ =Q |U}�wU u=OvwQyW R= Qiv 1439 |}=H@=H xwLv
C@Uv 19 O} wm TwQ} w |Q}oxty \}=QW QO O=Qi= u}= QiU Ci=Ut \UwDt xm OvOQm

|]}Lt pt=wa w xOw@ Cw=iDt |Ov@s}UkD u}= T=U= Q@ QiU |wor= OvDW=O Q=_Dv=
|UQQ@ OQwt x}[Qi xm O=O u=Wv jwi xar=]t G}=Dv "OvW=@ Q=PoQF= |Dw=iDt pmW x@
�OvDUy p=ai QiU |=yxw}W =@ \@DQt =@r=e xm � |]}Lt pt=wa w xOw@ CUQO =yu;

"OvDU}v Q=PoQF= QDtwr}m VW R= QDOvr@ |=yQiU Q@
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'18|wQxO=}B C}r@=k xm OQm XNWt xar=]t u}= G}=Dv [14]"OvDN=OQB p=U 13 =D 5
OOQD |vt}= =@ \@DQt pt=wa x@ C@Uv C@Ft lQO w pLt |r=y= =@ |a=tDH= pt=aD
19Q}mo "OvDUy Q=PoQF= p=ai QiU |=yxw}W ?=NDv= QO |Q=O=vat Qw] x@ Rwt;Vv=O
xar=]t l} R= xO=iDU= =@ 20l} Sr@ QOvqi QyW QO 2018 p=U QO u=Q=mty w
OvOQm |UQQ@ |Q=wUxNQJwO |=yCN=UQ} R wl}i=QDC}a[w xQ=@ QO QwLtV}=tR;
�p=U 14 =D 12 u}vU =@� u=WRwt;Vv=O u=OvRQi |Q=wUxNQJwO x@ u}Or=w p}=tD xm
Q} wYD VW R= 'Qt= u}= s=Hv= |=Q@ [15]"Ovm|t Q}}eD xvwoJ hrDNt \}=QW QO
Q}Ut uOQm sy=Qi xm O=O u=Wv G}=Dv "OW xO=iDU= u; x@ \w@ Qt C=L}[wD =@ hrDNt
|]}Lt pt=wa R= u}Or=w lQO Ow@y@ QO pt=a u} QDsyt wQxQ=wU R= xNQJwO |=RHt
w Qv}W xar=]t "CU= |r}YLD |=yQiU QO |Q=wUxNQJwO x@ u=OvRQi j} wWD |=Q@
pt=wa QF= |UQQ@ x@ |O=}v@ Qw] x@ xm CU= |}xar=]t Qo}O 2019 p=U QO u=Q=mty
[16]"OR=OQB|t |}=OD@= `]kt u=Rwt;Vv=O QiU xw}W ?=NDv= Q@ |Q_v w |]}Lt
=Q =yQ}eDt u}= w OvOQm xO=iDU= |OOaDt |]}Lt |=yQ}eDt R= xar=]t u}= QO u=v;
R}NxFO=L x]kv R= xUQOt Q}Ut QO lOwm =};� |vt}= =@ \@DQt Q}eDt VN@ xU QO
wQxO=}B ZQa pt=W� |[Qa QPoxO=}B w wQxO=}B =@ \@DQt |=yQ}eDt '�#Ovm|t Qw@a
xDUO wO R= Q}e �|]}Lt |=yQ}eDt Q}=U w� |[Qa |=yQPoxO=}B `=wv= |v=w=Qi w
'|YNW |Q=wU |=Q@ xOW x�=Q= Cq}yUD '=y|Q@ Q=m =@ \@DQt |=yQ}eDt pt=W |r@k

"OvOQm |Ov@s}UkD �C=a]=kD C}a[w w |YNW |Q=wU OOQD C}a[w
|wQxO=}B QiU xw}W u}@ \=@DQ= OwN C=ar=]t QO R}v u=Q=mty w xO=RsD=L
C=ar=]t R= |m} QO [18�17]"OvOQm |@=} RQ= CWQ QyW QO =Q |]}Lt pt=wa w
OW XNWt Ow@ xOW s=Hv= sRq |=y|UQQ@ |r}YLD `]=kt l}miD x@ xm u=v;
QDW}@ C}atH sm =QD =@ |L=wv QO xm |v=Rwt;Vv=O |}=OD@= |r}YLD `]kt QO xm
QDtm =yu; |=Q@ |r}YLD |=yQiU QO |wQxO=}B ?=NDv= p=tDL= 'Ovvm|t |oOvR
|=yQiU OYkt |}=tvy=Q |r}YLD `]kt u=Rwt;Vv=O xm|DQwY QO u}vJty "CU=
"OQm Ovy=wN |wQxO=}B OwN QiU QO |QDtm p=tDL= x@ 'OW=@ QyW RmQt u=W|r}YLD
xDiQo Q=Qk |@=} RQ= OQwt C}UvH l}miD x@ |r}YLD |=yQiU xm Qo}O xar=]t QO
QiU xw}W ?=NDv= Q@ xUQOt h=Q]= x}L=v QO C}atH sm =QD xm OW xO=O u=Wv Ow@
=y|Q@ Q=m ẁvD =@ \@DQt |=yQ}eDt QF= 'u}vJty "CU= Q=PoQF= u=QUB |=Q@ |wQxO=}B
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|Qo}O xar=]t QO '=yu}= Q@ xwqa "OW xDN=vW Q=O=vat u=QDNO w u=QUB QiU |xw}W
|y=oQYa w |y=oL@Y ?r=k wO QO =Q CWQ QyW |r}YLD |=yQiU xO=RsD=L
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|=yQiU QO 'u}vJty "OvDUy Q=PoQF= |wQxO=}B QiU xw}W ?=NDv= Q@ CvwmU pLt
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w C@Ft QF= =@ QDW}@ C}atH sm =QD xm O=O u=Wv xar=]t u}= G}=Dv [20]"OQm xQ=W=
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"OvDU}v Q=OQwNQ@ |R=UrOt Ov}=Qi QO |Q}oQ=Qk |=Q@ |i=m Q=@Da= R= C=Oy=Wt R= OQwt
u=wva x@ �x}rw= C=Oy=Wt pm OYQO 65=2� xOy=Wt 813 C=Oy=Wt u}= hPL =@

"OW ?=NDv= xar=]t u}= QO |UQQ@ OQwt |}=yv xvwtv

?=NDv= pOt "2"3
|R=UpOt R= xO=iDU= =@ p=ai QiU |=yxw}W ?=NDv= sOa w ?=NDv= xv=owO Q}eDt
C}@ wr]t x} Q_v |iQat R= TB xt=O= QO "OQ}o|t Q=Qk |UQQ@ OQwt xDUUo ?=NDv=
xm C}@ wr]t `@=D "CU= xOW |UQQ@ |}xrtHwO C}Hwr ?=NDv= |R=UrOt VwQ
VN@ wO x@ xDU@=w OyO|t u=Wv =Q X=N OQi l} |=Q@ xv} Ro Qy C}@ wr]t Q=Okt
=yu; u}@ x]@=Q xm CU= xOw@ xOy=Wt p@=kQ}e C}@ wr]t w xOy=Wt p@=k C}@ wr]t

[26]"Ovm|t C}a@D |]N Q=DN=U R= R}v �1 x]@=Q�
Uin = Vin + "in (1)

VN@ wO pt=W xm xOw@ s=n xOy=Wt |=Q@ i xv} Ro C}@ wr]t Uin 'jwi x]@=Q QO
Qw] x@ "OwW|t ("in) xOWv xOy=Wt C}@ wr]t w (Vin) xOW xOy=Wt C}@ wr]t
xm xOw@ C}@ wr]t Q@ Q=PoQF= |=yQ}eDt Qo}O QF= Qov=}@ xOWv xOy=Wt C}@ wr]t |rm
CU= umtt u}vJty "CU= xOWv ^=Lr C}@ wr]t QO Q=PoQF= |=yQ}eDt `tH QO
CQwY u}= QO xm OW=@ |]NQ}e pmW x@ C}@ wr]t `@=D Q@ =yQ}eDt |[a@ QF=
xOWv xOy=Wt VN@ OwHw xm OwW O=H}= C}@ wr]t Q=Okt QO |}=]N CU= umtt
OwN xOW xOy=Wt C}@ wr]t 'u}= Q@ xwqa "OW=@ p}rO u}= x@ Ov=wD|t C}@ wr]t
xOvQ}os}tYD OQi |=y|oS} w pt=W� |irDNt |Q}oxR=Ov= p@=k |=y|oS} w x@ xDU@=w
2 x]@=Q =@ j@=]t w |]N =yu}= u}@ x]@=Q xm CU= �|@=NDv= xv} Ro |=y|oS} w w
|irDNt p}qO Ov=wD|t 1 x]@=Q QO xQ=W= OQwt |=]N xm CU= K}[wD x@ sRq "CU=
"OW=@ u; p}qO R= |m} Ov=wD|t 2 x]@=Q QO xOW x�=Q= |]N x]@=Q w OW=@ xDW=O

Vin = �iXin + �0 (2)

|=yQDt=Q=B Q=OQ@ �i 's=n OQi |=Q@ i xv} Ro xOW xOy=WtC}@ wr]t Vin jwi x]@=Q QO
xv} Ro x@ \w@ Qt |Q}oxR=Ov= p@=k |=y|oS} w Q=OQ@ Xin w i xv} Ro |=Q@ |v}tND
C}@ wr]t x@U=Lt =@ C}@ wr]t x} Q_v T=U= Q@ ẁtHt QO "CU= n OQi w i xv} Ro
|}xv} Ro 'OQi l} |=Q@ wQV}B |=yxv} Ro |t=tD |=Q@ |Q}oxR=Ov= p@=k w xOWxOy=Wt
"OwW|t xDN=vW OQi |@=NDv= xv} Ro u=wvax@ OW=@ xDW=O =Q C}@ wr]t u} QDW}@ xm

p=ai QiU |=yxw}W xar=]t u}= QO� Q_v OQwt xv} Ro ?=NDv= p=tDL= |rm Qw] x@
R= xOW xO=O u=Wv (Pn(i)) =@ xm OQi Qy |=Q@ �|Q=wUxNQJwO w |wQxO=}B pt=W

"OwW|t x@U=Lt 3 x]@=Q
Pn(i) = P (Uin � UIn)

= P (�iXin + �i0 � �IXIn � �I0 � "In � "in) 8I 2 i (3)

'XNWt `} RwD l} R= C}@ wr]t xOWv xOy=Wt VN@ |wQ}B ZQi =@ jwi x]@=Q QO
|DQwY QO ?}DQD x@ "OwW|t u}}aD s=n OQi \UwD i xv} Ro ?=NDv= p=tDL= Q=Okt
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R= xar=]t u}= QO "OQ}o|t pmW C}Hwr w C}@=QB ?=NDv= |=ypOt OQm} wQ wO
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|@=NDv= QiU |=yxw}W j}kO p}rLD 'u}vJty "CU= xDi=} Vy=m OYQO 60 p@k x@
QO xDi=} Vy=m OYQO 90 |v=oty pkvwptL R= xO=iDU= u=R}t xm O=O u=Wv O=Qi=

"CU= xDi=} V}=Ri= COW x@ |Q=wUxNQJwO syU xm |r=L
|@ Qe QyW wO QO 2021 p=U QO u=Q=mty w 22|Q=@ \UwD |Qo}O xar=]t QO
C}a[w R= Q_v hQY =yxO=wv=N xm OW xO=O u=Wv Ovy QwWm C=QHo w =QDW=Q=y=t
QO TQ=Ot x@ OwN u=OvRQi ut}= QiU x@ C@Uv |y@=Wt |=y|v=Qov OwN |O=YDk=
|=Q@ ?U=vt CN=UQ} R OwHw sOa x@ xHwD =@ 'u}= Q@ xwqa [25]"OvQ=O |}=vwQm \}=QW
=Q u=Wv=OvRQi xm OvyO|t K}HQD u}Or=w |}=vwQm \}=QW QO u=Rwt;Vv=O ut}= QiU

"Ovv=UQ@ xUQOt x@ |YNW |Q=wU =@

C=}@O= QwQt |Ov@`tH "3"2
u=Rwt;Vv=O QiU xw}W ?=NDv= xr�Ut x@ =@r=e QiU xw}W Q=DiQ xRwL QO Q}N= C=ar=]t
Ea=@ 19 O} wm TwQ} w |Q}oxty R= |W=v xOt;V}B C}a[w 'p=L u}= =@ "Ov=xDN=OQB
C=}@O= QwQt Ov}=Qi p}tmD R= TB "O@=} Q}}eD O=Qi= QiU Q=DiQ |OwOL =D xm xOW
|W=v u=Rwt;Vv=O QiU xw}W Q=DiQ Q}}eD |UQQ@ x@ p=L x@ =D xm OWv Ci=} |}xar=]t
xar=]t u}= 'wQ u}= R= "OW=@ xDN=OQB QwWm pN=O QO 19 O} wm TwQ} w |Q}oxty R=
p=ai QiU |=yxw}W ?=NDv= Q@ QFwt hrDNt pt=wa uDiQo Q_v QO =@ CU= OOY QO
Q=vm QO �|Q_v w |]}Lt pt=wa w QiU |=y|oS} w 'Q=wv=N w OQi |=y|oS} w :pt=W�
u=Rwt;Vv=O QiU Q=DiQ Q}}eD 19 O} wm TwQ} w |Q}oxty x@ \w@ Qt |m =QO= |=yQ}eDt
=}; O}=tv XNWt xm CU= u}= xar=]t u}= hOy 'Qo}O u=}@ x@ "O}=tv |@=} RQ= =Q
p=ai QiU |=yxw}W C}@ wr]t Q@ QFwt pt=wa 19 O} wm TwQ} w ẁ}W R= p@k x@ C@Uv
=@ u}@ u}= QO xD@r= #Q}N =} xOQm Q}}eD 19 O} wm TwQ} w ẁ}W R= Oa@ QO u=Rwt;Vv=O
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"OwW XNWt |QDy@ pmW x@

j}kLD VwQ "3
xar=]t OQwt |xOwOLt "1"3
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OQwt xt=vWUQB KQ] R= TB xar=]t u}= QO "Ovvm|t p}YLD Rwt;Vv=O 59000
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R= V}@ u}@ R=� sk QyW pw= x]UwDt xUQOt 60 u}@ QO |iO=YD CQwY x@ x=tuty@
Q=}DN= QO xt=vWUQB lv}r "OW `} RwD �sk QyW QO OwHwt pw= x]UwDt xUQOt 220
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hrDNt |=yQ}eDt w =yXN=W |=H x@ u=yv |=ypt=a R= xO=iDU= "Ovv=O|t ?U=vt
?U=vt Q=my=Q l} u=wvax@ Ov=wD|t OvQ=O |Q=O=vat |oDU@ty Qo}Om} =@ =@r=e xm
xHwD =@ "OwW |krD |R=UrOt Ov}=Qi x@ OwQw |=Q@ =yQ}eDt O=OaD uOQm OwOLt |=Q@
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Q}Ut QO |wQxO=}B Cq}yUD x@ C@Uv C@Ft x=oO}O u=wva =@ pt=a u}= "OW xYqN
|=ir; Q=Okt xm CU= XNWt G}=Dv =@ j@=]t u}vJty "OW |Q=Pos=v xUQOt =D pRvt
"OQ=O Q=Qk �[27]0=7 R= QDoQR@� |@U=vt Q=}U@ K]U QO KMO XN=W w M=@vwQm
xawtHt R= u=yv pt=al} G=QNDU= |=Q@ u}vJty|rY= |=yxirwt p}rLD VwQ
p=ai QiU |=yxw}W xQ=@ QO =yu; xO=wv=N w u=Rwt;Vv=O Q=OvB =@ \@DQt VUQB Q=yJ
l} QO Q}eDt Q=yJ u}= xm CU= XNWt 1 pwOH R= "CiQo Q=Qk xO=iDU= OQwt
u}vJty "Ov=xOW xYqN p=ai QiU |=yxw}W x@ C@Ft |=yQ=OvB u=wva =@ pt=a
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u}= R= xO=iDU= OvW=@v Q=QkQ@ ZQi wO u}= xm |DQwY QO "CU= C}@ wr]t `@=wD xOWv
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FM-Car |oDN=U �CQwY u}= Q}e QO �0 '|r@ �1� |YNW |Q=wU � QOB |Q=m QiU xw}W
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ẁ}W R= p@k =@ xU}=kt QO xm xOW xDN=vW Q=O=vat Q}eDt CWy 19 O} wm TwQ} w

w Rwt;Vv=O C}U=UL 'QO=t |Q=m QiU xw}W :pt=W� Q}eDt xU 19 O} wm TwQ} w
xw}W x@ C@Uv Rwt;Vv=O u}Or=w x=oO}O w 19 O} wm TwQ} w x@ C@Uv |w u}Or=w
?r=e QO 'u}= Q@ xwqa "CU= QDW}@ �19 O} wm x@ qD@= R= |Q}owrH |=Q@ p=ai QiU
w xOw@ Cw=iDt R}v ?}=Q[ |oQR@ 'xQ=W= OQwt pOt wO Qy QO xOW Q=O=vat |=yQ}eDt
QO u=QUB |=Q@ p=ai QiU |=yxw}W C}@ wr]t QO =yQ}eDt u}= u=Um} Q}e C}ty= u}=
Q}O=kt R= ?r]t u}= "OyO|t u=Wv =Q 19 O} wm TwQ} w ẁ}W R= Oa@ w p@k \}=QW
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QDW}@ �19 O} wm TwQ} w ẁ}W R= Oa@ xJ w p@k xJ� u=QUB C}@ wr]t `@=D QO Q}eDt

"CU= u=QDNO R=
`t=H KQ] =@ j@=]t "CU= |YNW |Q=wU C}mr=t |Oa@ |UQQ@ OQwt Q}eDt
Ot;QO =@ |wk Q=}U@ |oDU@ty |YNW |Q=wU C}mr=t Q}eDt 'sk QyW pkvwptL
Ot;QO xQ=@ QO s}kDUt VUQB u=mt= C}OwOLt x@ xHwD =@ |iQ] R= "OQ=O Q=wv=N
O=Qi= |@=NDv= QiU xw}W Q@ OwN s}kDUt QF= Q@ xwqa Q}eDt u}= xar=]t u}= QO 'O=Qi=
Q}eDt wO Qy xm O=O u=Wv G}=Dv "CU= xDiQo Q=Qk |@=} RQ= OQwt R}v |O=YDk= x@vH R=
QO |YNW |Q=wU wO smCUO uDW=O w xO=wv=N QO |YNW |Q=wU l} uDW=O
Q=oR=U xH}Dv u}= "CU= xOW Q=O=vat xQ=W= OQwt pOt Q=yJ QO |ivt QF= =@ xO=wv=N
|UQQ@ =Q u=Rwt;Vv=O |r}YLD =yQiU xv}tR u}= QO xm xOw@ |OOaDt C=ar=]t =@

[28w20'17]"Ov=xOQm
u=Rwt;Vv=O xm OQm x}HwD xvwou}= u=wD|t =Q =yQ}eDt u}= |Q=O=vat |rm Qw] x@
u=Qo}O x@ C@Uv xm CU= |k]vt �QDW}@ w l}� |YNW |Q=wU lr=t xO=wv=N QO
C}a[w u}vJty w |YNW |Q=wU x@ uDW=O |UQDUOCyH x@ �x}rkv xr}Uw uwO@�
`[w x@ xHwD =@ Qo}O hQ] R= "Ovvm xO=iDU= QDtm |DNU =@ QiU |=yxw}W R= QDy@ |r=t
TQ=Ot QO =Q OwN Rwt;Vv=O OvRQi 'u}Or=w CU= umtt =yxO=wv=N u}= QDy@ |r=t
QiU Ci=Ut x@ QHvt |awv x@ Ov=wD|t xr�Ut u}= w Ovvm s=vC@F |DrwOQ}e w X=N
x@ u=Rwt;Vv=O x}rw= ZQiV}B =@ j@=]t R}v \}=QW u}= QO "OwW Rwt;Vv=O QDW}@
`v=t O=} R QiU Ci=Ut =Q} R "OQ@ Ovy=wN xQy@ p=ai QiU |=yxw}W R= |QDtm p=tDL=

"OW Oy=wN s}tYD u}= |=QH= R=
wO pk=OL uDW=O Q}eDt QF= xm OyO|t u=Wv Q}eDt wO u}= |}x}W=L QF= Q=Okt
xO=wv=N QO |YNW |Q=wU l} uDW=O Q}eDt x@ C@Uv xO=wv=N QO |YNW |Q=wU
hQ] R= "OUQ|t Q_v@ |k]vt xOW x�=Q= C=L}[wD =@ j@=]t OQwt u}= "CU= QDoQR@
ẁ}W R= Oa@ w p@k QO u=QDNO |=Q@ =yQ}eDt u}= |}x}W=L QF= Q}O=kt xU}=kt 'Qo}O

u=}@ x@ "CU= xDW=Ov |Q}}eD =yu; |Q=PoQF= xm Ovm|t XNWt 19 O} wm TwQ} w
xDW=O |YNW |Q=wU �QDW}@ =}� 2 w 1 ?}DQD x@ OwN xO=wv=N QO xm |v=QDNO 'Qo}O
O@=}|t Vy=m OYQO 40 w 20 p=ai QiU |=yxw}W ?=NDv= p=tDL= ?}DQD x@ 'OvW=@
QO u=QUB |=Q@ =yQ}eDt u}= |}x}W=L QF= Q}O=kt xU}=kt "CU= |yHwD p@=k Q=Okt xm
p=tDL= QO =yQ}eDt u}= QF= xm OyO|t u=Wv 19 O} wm TwQ} w ẁ}W R= Oa@ w p@k
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3. Larsen
4. Van Goeverden and De Boer
5. Netherlands and Flanders
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7. Toronto, Canada
8. Guliani
9. Waygood and Susilo
10. Mitra and Buliung
11. Clark
12. Ahern
13. West Yorkshire, England
14. Helbich
15. Zhang
16. Beijing, China
17. Ikeda
18. walkability index
19. Ghekiere
20. Flanders, Belgium
21. Molloy
22. Bari
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