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ABSTRACT

This study aims to distinguish between utilitarian walking and leisure walking activities and analyze the
correlation between these types of walking and the walking environment. To measure the walking
environment, we utilized Google Street View (GSV) and employed semantic segmentation deep learning
techniques to quantitatively assess urban walking environment elements as perceived by pedestrians. A survey
was conducted to measure utilitarian walking, leisure walking, and perceived walking environment satisfaction,
collecting valid responses from 192 participants. Using the survey data, we visualized utilitarian walking,
leisure walking, and perceived walking environment satisfaction, and analyzed the correlation between these
variables and the walkability scores. The results indicated that leisure walking had a significant positive
correlation with walkability (Pearson's r = 0.121, p-value = 0.012), while there was no significant correlation
between utilitarian walking and walkability (Pearson's r = 0.093, p-value = 0.055). These findings suggest that
people prioritize mobility efficiency over the walking environment for utilitarian walking, whereas the quality
of the walking environment significantly influences the frequency of leisure walking, Based on these results, the
study proposes specific strategies to improve the walking environment around residential areas to promote
leisure walking, These strategies include creating vertical gardens or various forms of three—dimensional

gardens on narrow walkways and improving sidewalk design. The findings of this study can contribute to
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promoting leisure walking by creating walk—friendly environments, ultimately enhancing urban sustainability

and the quality of life for residents.
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1. M2

TAEleL QI F7kR QIg EEA, ARA gAlEe] S7Rll wel, A& 7Rse A ATt 17 A W
A1e] Fa/do] ZFxE|T SItHe)AR 5, 2022). ol2fet WetolA B Tt ol ke HolA, EA A&
7V 3T RIS 4] S I a7t 848 BAek QIHEHES, 2015). 59 A8l Bt 48
72 S, B 5k Qlmet 4% Wl Sdel m2 sl 29 F iRt AAs Foff He WY mARo A
e 9ol sl QIrkEhaF, 2023). thazo T R Y Ao} Fe]| Bt

e AYE AEH o Sl B S, JoEE A, HeY AeT X 5 Bt Hold S gt ¢l
et 7R AR sk ok E3h A7IAQl Bl sab B RIS Folf ARES] B HojE A5Ho=
Zefolar QlrkelAlel, 2016). olefet By S7k= 17 SHoll v A o, AR ApEat o I
2R QIS 7| AT g4 viE e, AAFCR Bt SA 2|99 A9l BAEE AR R ARUE 7H
A2 Zelet 22k viE 3 5 wAof tlelRt 342 ks ek, 20137 AN 5, 2024).

e Ay Aol EANES] B 71 Qe HaRkde] il "asihy Fekar QIekR3,
2016). 53], ATE FHOE oFojdl W AFES Hagho] £ oA ARFES B S7RI:= A
& BT Stk ol S0, Eynard et al.(2020)9] SAtolil= ool Eejie Al9] W3 X514 2ds FAfsH
et o] A7 A7 Awalk index) TTE ARgslo] TloRh ARAt 120] Bk AgAS HWrleko 24,
By 231491 ghgo] ARFEC] BalRks S7HARITh: Z2He Y&oIith Panter and Ogilvie(2017)9] StollA=
M2 Ha 9 2A et A § okt ARPIAIA widS 7 AlE] Ba e o9 Hskst
A mefsbr] Sl vid AR ZAE AAGIGeE AuboR, JE Qo] kEE ARFEol © AR B %
FE HGlom, of= HPRHY] Ho| HERF Il FAA JFe vtk AE AKBISIEE Basu et

al.(2022) SellME 2 Be|=He] el 219ellA 99579 A7HAME tVdeR g ARt SF #A HEke

S0l Hajekgo] miEl (@Rl Feh), B, HeMd 7Ho] dds EASISIth A AT W B et
2 ARt By 270] Has ARtk 215 ARSI,

SEAJRE, 7|20 We dts HaRRES nolol ol R @ ZARE HEXRARE TIRRE ATAe] T
RS AAAote] ARSItk SAPE Sl ZaRIT} 0]47](2016)9] Atellile A2EEA] T, ST 4
T, Y TS IR W SEdt 1A edo] it ARXARE AXeIl, EA] o8 23k, 39
2 AR A, AR 4 5ol o ke AR Gk wiAle EuA EYE Bk T ot ek
AE 7INEeR g 3R 21 89] A9 AR 3ol B ARl E11(Wood et al., 2019), kEHoFY AR B
2| Hol| tit 2k 50| ok FAPE STk, 2021). ERE, ARHEAIARGIS)S ARgsto] A=Al v
g} 221914 dlolglE Mo R HaPshd BXe 46|k 519 o kFonseca et al, 2022), o]=fet B A
Begzpo] AA| AepllAe] RS S456] ok Hole AL drkele7] 5, 2014; = 5, 2016; &
7, 2023).

71E A9 S SEckA), 15 9 TAAIE Rollis 2 AER|E F(Google Street View:  GSV)<}
e 71= om]7] Hho[eE Q”QOPI] TS edE AR Aok EAS oleha QItHEe, 2021).
GSVi= 20| Argshs 360 mheetat Ae] ofn|z] AH]AR(YE7]9 o %“%i 2021), A=E met ofsske A
Al oo} #YElo] A Hegape] Alofel fARE TollA EA] EAS AFICHIEA], 2023). Wood et

al.(2019)9] AollAe GSVel BafehdS Alzfd oz ket 4= Ql= \ﬁrtual—STEPS A2ERS ARt A @
IR glol GSV omA|2 Wzt F4] Hegedo] nAd B4 SR WK 4 QleS A
gk ol2fgt GSV olujali= Yot 35 AR} Zo] shsellA 422 et om|Aeks thEA] Bk peAf o]
7219] Heeds Uehfly] whzel AEe] ks TAl B9 S Qe Wtoke || AekokckBiljecki
and Tto, 2021; ©J&& 5, 2022; Kim et al,, 2023). o= o]=fqt GSV HloJelE Had 7§t on|z] A7}
Aot =X S Frloke d7F SOk Atk 5o, oo Bl 7 AE 949, sks 99, =4 89
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& TR AAIE ATeR Akl ERds onlEA Ee(semantic segmentation) HelY 71 %’%ﬂ‘?ﬂ
o] A Aol DS A 9 4R JRO BAR 4 K al, 2021: $57) 5,
2021). webq B dollals GSVet onjed] 28 7IHE 28stel B, 18, =4 5 E3At Az A
Sh= | Haghd aASS AaoR AEstagt gt

o Yol 7]1E Ea dpoae BeY E58 B0 uet RSP\ RE B FUTt BHoz 7R
AT °‘EKHatamzadeh et al, 2014; X33}t o]47], 2016). SkA|TE, 9] Afods Y s SELt
5ol 5 HyEAT Rt B4S ool BRI ARE AL S0 S T 51-— 5 B3g

A1 A 548 ol Ha(o7tE) o L1l QltKYamada and Takayanagi, 2023). YAHPL o]F
T84S SAlol] 2 A= 2At ol Wi, o7pesie Waehyo] s FAlete] X Eﬂ e Arjet
T Beeo] £2 3 B ok Aol ArkNagata et al, 2020). T1%7]0] WFEPS W3 Azl ARE
95 5 ol 88o| FaoRh ofesie Heedo] IR kY T ARAY wELh B Fesitt
(Mirzaei et al, 2018). oJ2fgt ZpolE Aafslo], B e WdHea}l o/fRes FEst, By pEELet
wHejRo] Bejd 7 a4sste] 4TS BAlehuat g,

THHoR 2 Al HAHL thaat At A, GSVel "eld e 28ote] Haghyo] 24 E490 B
PRSP S g or Zgoks Aolth. A4, B E5-S SA ulet QR ofypesos e, 7 B
3 Rt Beziske 7he] ARAIE Aok Aolrh AW, Q1714 Waiehy wREEol Hejsty Tho] A
I FAfste] o7y SHgell 3AA Ee FAAR] ks nlals 89ks Hiola, Haehy s figh A1d
1 A WS Aok Aolth & A Bl B4 Bk B}EQM FUIAE 2AToEN, dYE
Pt o7tE ey 7he] Alolte o] gk, GSVet el 7S Sett Hayehd =

2

¢

o =
Aol Glek o} ol P HAY FUS S B sy 9] Bage A5ep) 9 7|27 B8
stk gk
. O R

2.1 &7 thEA| 9z 2 Hole| 3

2 e AEEEA SAE dPoR slgltt B Ao wEh &5 AR AeH| v Al
% MR, IAEZ0] AFshe 1 ofnfE gxjeh APRE A2 AHH AAEZe] WHs] Aks Aol %—ﬁ
o} o2igh e AR WolA Bage] tebds AR, ofs 3175'94 Aolg mipHoR Hwe 4

Sk 71815 Arsditia wdsie] §AE AT dhdrR **l*o}“‘t}. TE FARCR TR AR W9l A
ARt D912 Ao, 84 SsAEEATE B N 5 J°194 o] g AigElo] gle]

off Z3tole 57 AR 2 A7) FA A AlLfsiolet. 1 292§ WA Aje] A7 At

ASEHA AT ) 2 Bl e B 2R EEE 2o Sih 20239 89 138262 7]
| £2l) HRAAE At o AREA AR AR BRI b SAEson], Sa7el AT
St 0 194) oe] Aol ko ASSE T HEUS SRS SIAE: 2023-07-005-001),
221918 Fof hEY MEAZYE BYUT ST AL 0090 3 cloleE S, ol ALl WAT
o 3RV} B S7he] S 12 Apstel 2EA0R 19049] Hlolehd BApl ASSITKIY 1 B2

@%1]9] Tl E"] o] B3 P50 njxl= JFS EAT Mirzael et al.(2018)9] A7) L/AFHYT} of
2 slo] Fderint. AdY ATl AR EAZ]= 'mosques and civic buildings(A
E5 ﬂfﬂ, /‘l % % TUH T 358 E50] olFofR= B, service providers(R3, A, MY 5 AHIAE
Arssh= 718, ‘storesCdA), ‘children schools(Bt) 2 25| °U1 2 AFels e AR 9 ol 7
7} 'EET 9 SOl 5 ESke 1% 271, 27, WY, Al FUAE F B AHIL o8-S ffRE 7], 'Ro
A, g, Wisky 5 =% HE SR 270, o] Fokl =Y, }-JJ- 1 e T 1 He Y 2 Sis 271
2 Hosl] AREsLt. of7fEee] B2 just for the fun of it(RUE A3l just for relaxing(FAle —CHEH)'
just for being with friendsCATeE &7 2471 1ol just for being alone(@2t $17] $15l)'E AA= Lo, o5
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33 1. 0| S elet HEZAL SEAL 754l
tyf @ 2= SEA AFAI SRl O 9 oy 2R DD Aelet 2

0 S SR A0, A 9 e SR 271, 529, Hie] T ARl wRE SRt 27, A AR 5
A ARRE Sfet B71'® WSt ARSSIITHE 1 2). ERE HIE] wEE AR L et oA
AQ016) FHE 712 2 ASIHOH, 2022 ARAMICI(EAPHA R ZAME)2) do] PRFHo R te] G
oMM AR AGEE AES FAoiih ol AR FEL HIFFY| JHl, 7tee A EAE
Wlehe 5= offolfltt e 712 HEA] dFome SHAY] Y, Hol, 25, A9 S0l ZHen,
HE 52 54 2PIE A= =0,

2.3 BdzEie2 oA 4 23

ATE ol Agrse] 2706 £& wase] SR si<stas 5t

l Y M2l 84S T CR SR
2H 3 gtk BE|SIe(]ing et al., 2020). TRE S
AT W Ko 2 yeje =27t Heate] obde FXloks R, Bt S BErt gl Ao Hs
2} bl FAAQ! Feke miicks Ao RlEo] zte] FaAo] Zx % Nagata et al., 2020). E3E 4
Fo&8 QIRF 50| FEoh, W] 2oH, oz Alge] Bt A%elA Ha Wt s ARE gl
E|ItHCao et al., 2009). Uo7t =it Aol Haiz ], Uit 2R g4-E0] A7 £ S 24
+ Hl 7]ofgteh= ARdo] HERHOIAR 5, 2022). Wb & AtolAe of2fRt Ad AT s Fitele]
Fsky), HE=Z(sidewalk), Al (vegetation), HHZF 4(people) S HFEFol 374 FFe mlAle 8
Al g4 Aslelct

SA W BeREe] /R HEE =Als, B 25 AgSlely] Sl FTlolH ZHojlA AlEshks &
AR B HES 37 HlolgHlo]AE &8sIgich o] dlofEHolrolA AlFehe 84 U 72 kB
A% HoJEet Google Inc.9] Street View Static APIE 53l 527570 ktold U WeHE, |, 5 A &
21,1007 GSV e[r|2lE $4sIIe 1™ 2 35). ofF oujx|9] 7 TS sl vefdz & 2 Qs #lo]
=2 ddohe oWEA R VMR HIddel s "iAle A e4E RRIIE SegNett
DeepLabyv3+ Re> 717} 4 ZEiiold 945t A5& Helth SegNete QIFE-tFd 125 Foff 242 7
Aol e A5 = 4= 9.oH, Deeplabv3+= atrous HEFAT ASPPE ARgs}o] Adtzlel Bel A3

£ =Y Uk SegNet2 VGGloS W20 g ARgsiH, £5 JIUAE 5o miefnfe £5 SoliA: =
Aepde GA3kt WA, Deeplabv3++= Inception ResNetv2S B2 02 ARgsie Zad EAS A5 4
THAoleiKim et al, 2023). & Aelie F HAO] 7S gt slojHe|t Pl ARESIGI: slolHeE
B2 SegNet?}t Deeplabv3+9] o5 Z¥ts ZAgsle] 2% v 2UE =33k o 99 4% F7he
Cityscapes Hlo[ElE F3l| o]FolHom, waHddt Hl&(Intersection over Union, IoU)& Akgslo] Ele] Ast
32 HBIITE SegNet®] o5 Ak Algh Zefl2o] ARSI, Deeplabv3+9] o5 Ak oFs, Hi, HE
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Node Data
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O3 2. LEE GSV Oof|

Solo] AgalgiTh AR 2eA0] A9, F wd RE fAR ASES uaael] e £ Ry BE AEe

g WAL A Bl skl shio REW 482 dEH 49l 2 290 US Mo 5
£ Solsto] 2% A2 HUSIHIY 3 4.

2.4 Hoje] &M

AREZARE GSV oln|AE -g3lo] 303 Hlolel= ArcGIS Pro @ JAMOVI AZEo}E ARgslo] 245}
Ak, HRXAE B 545 -SR] F4 HlolEE ArcGIS Pro] A4 39 715 Fgsle] iy e
s, o5 ATAl & 192700] EQIER FARIICE 7 FQIEo= AR SH Aulel YRS U of7hHdY
HTol Haskd wEL 427} 2REQch E3E 21,100709] GSV oln|X|E 2gsie] omjEA Bt s )
W, BEE WA, B S5 2l Aigks thitele] BREEE Aktelglt. off, ofF gk Zdd
21,100709] HRIES Z|wAtel] EASISICE,

SATE 20229 71%0] A AT AA] weh RS, 7h AT 19 42971 1% WS % il
slsict. HEzAL S gojele AAERE AR 9 of7jRgie] Hirel Haiehy wEro| Byl &
£ Il 71& SAE AYFcE BASIE 2R S FA] 45K RE 9] Ho[EE gklslo] ]4_}3}
A}, o]% 27t Adlspatial join) 715 0183 AEZAL S5 dolEel HeHIshE kS 7F WA WEo] U

Fohal, A MSs 7108 BE HelgE skt Helgz Seslslth F3t wofe AES = &
gt 5, JAMOVI AZESQoIS ARgale] A Zsiololet. Baelis molt ATARE Agsiolom,
p-valueZ} 0.05 oJslel 7S AnE GomsH vt ol Fo AR} o7l Has] uEre} W
PFlske 4] 710] ATRAE Bt 4 HR).
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(1) S22 8H, GSV 0[0|X] HITHE|0|M 2243t BI0|E] Y () TAT ¥s Y % TATY GlolE S8t (3) SEHHOE AU2 & S YT B NY
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33 4. HPE 24 2y & 2zt
i @ HE2XASE HOE! @ GSV QDiEA &2 71 Zak) CiojE

3. 9+ Zu

3.1 QSR S U EY £

AR odzte] AL dXo] 34.0%, 940l 66.0%E Aol o B2 HlE-S Xt SR Bt dAHS
DIAZ JeRFom, g Bt o0t) 10.0%, 30t 29.5%, 40t 31.0%, 50tH 22.5%, 60A] o4t 7.0%Ack
AR 54 YAE HEa Wrist Ax}, B 34302 SuiEo] HwA ksl Axcky veRith 34
Aoz HYUS 9t 7] &Eo] 3.5, 5 AHIA o8-S SRt Bl 342, BE TFUiE SI%t A7 348, 7Tt
Wit B5E 9t Al 3322 yeht, EEE 9 55l 52U $is 20t W = HlgE AR o
ZIRFPL B 30NE, o] F 40 ZALS 9t A7t 361, FA 9 oFS 9’jt A7 3.65, AlEA WHE
ot A7} 2.7, EAE] A7HS 9jt AVl= 3328 Uehdth of7fR 3o Baghe dARsRct WAt o7t
By 5 4ho] 78S Y5 271B.6D) FA E oFES 9t 77365 AHEYS 7 ) =2 HgS

HYH. ole ARFEe] 7] &S Sl 49 2e FHle dl THE Tl EE HolEd.

B, §470] B HEES 5H SblE HER Wit AT HE 382 ekt SUASe] B
of v thi L WEES B Shlsklr BRG] AF GHoZL Ut A wof glo] BS 4 9l
F0o] 523tk 7} 38, ke, AR 5o qlol Ho] thiy] Welek7} 39, 125 5 Al ol e
7] 22 Pelth 7} 3812 Ueht, $EAS0] AAH0R Lol BRSO SIE | 42,

B 1. Y= oY, HAEY NS0 2ok EEA 7Y
=2 o EEHA

1. Yoz A: ES(UYEY) 3 2 30 sl 2= Y=5 BARH FHA 343 -

(1) | 252 ¥ sl (tSus 28) S =S it 27 3.50 1.03
() | 28 43, 4=, FUE S I3 Ml 0IES 2let 27| 3.42 0.99
() | HoR, DIE, 4ol 5 =& FOHE St 27| 348 1.00
@ | olo| St =Y, AL UE S 1 50| LY EF2 2ot 27| 3.32 1.07
2 E2AoIR) g2 B 2SOPIEY) § 4 20 oisl 2= =2 BAR FA 3.32 -

(1) | &2l 2732 2ot ZVIEY 27)) 3.61 0.99
(2 | B 2 R4S ol Z7|(, A2 27| ) 3.65 0.94
Q) | S=8| thel § Al RS 2Rt 27| 2.70 114
@ | ¥4 42l S 2| ARKS ot 27 3.32 1.18
3. B3ER ool RIESHE HEE BARH FHA 3.83 -

(1) | Ut Ak 2 2 Q) 2 2[0f Qlo| 2S + QU= S210] S=3it. 379 0.92
() | Ut A= XX FH2 T2, BAT 50| Q0| 20f T | Haict, 3.90 0.85
() | Ut Ak XX 2 7125 S QRHAIEO0| Qlof Hof| 27| E2 SHHo|ct 381 0.87
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3.2 ARE BN Tt 2t

S-S AR 99= W, 2R 8 dolHE AARTE Bugher Altse] Al AdEes
iget 29 I3 501 0.0~5.09] W= v 7 Jfmell A HY 20 H(QYEY &, ot
H3 S)ot Hajege] it REEE vEhdic), W7 G4 B o) B Sso] HIETt S Hgeel of
e HELTE WS oujely, w4 9l o7} K EF0] NIt i, Hghge] gt it &g
oujgtet. AlZF #4 Zuf dariy shF A% 2 BRI Sle 2 B, EEB o71HEY Faol
A2 Aoz Ut o] A9E2 AFE B olsol Bl QlFo] B0l B &F0] Ak 54& Helth
ojel fixAom, o7jHRY FEe Wit T, ST F, Jel 2o FEos A S el &
WS 9 Basa 57| QT o] A} o7 Aol A 2/gE A Felq BEs| AREE ke &
AL 4 Sk olfRt AHEL APITE ST VIE S7P1l At B Alstel, HaREe] o7t
B P AF 2 FhrAe qEe . 53l Y o AQelMe QEPL AT ofpEAL
B2 Aoz depdth ofs A el o7k ARRE = 2
Hegehge] digh =g vehlls Al WA Aeg T3 iRl Aol Ao w2 BERE HYs 9
A 4 et Tt AR QlEat Srijle FHe By TSt W2 Ao yEth ok &g A%
o] B W AR AeA T4 Rr HEAER Q5| HPAE0] Lk el wigd 2y Hn(

3.3 GSV 24
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A QAT A2 /M, B, =ARE, B 0] BE W7t 840 £2 $AE Bt ole ofs A9
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