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Abstract

Urban vitality is an important indicator for evaluating a city's sustainability. Urban vitality increases when a social space
emerges where people can interact with each other in a city. Although many studies have tried to measure urban vitality
and its determining factors, few studies have measured it using moile phone location-based, origin-destination (OD) big
data. The aim of this study is to analyze the determining factors of urban vitality with mobile phone big data using the
PageRank algorithm and interpretable machine learning techniques. The focus is the nonlinear relationships between
urban vitality and its determining factors. The main results of the analysis are as follows. First, urban vitality according
to moile phone location-based, OD big data by travel purpose has different determining factors. For instance, while the
perception of street scenery had a considerable influence on the urban vitality of non-commuting travel, it had no impact
on the urban vitality of commuting travel. Second, restaurant Point of Interest (POI) density and subway station exit
density had positive associations with urban vitality for both leisure and utility travel purposes. Third, street safety was a
significant variable for urban vitality, regardless of travel purposes of the population. This finding indicates that the safety
of the street environment encourages urban vitality. Finally, the interpretable machine learning analysis indicated that the
relationships between urban vitality and its determining factors were nonlinear. Overall, the study findings demonstrate
the useful application of mobile phone, location-based, OD big data to examine urban vitality and provide specific policy
implications for promoting it.
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1. G+12] B8 ¥ =X

TG 2 T Al SlojA] Fa3dt a4 F shbY gt ohy
2 £A19Q A&7HsAE 7k AR F ShUo|th(He et al.,
2018; Y- 0l47], 2021), B2 59 =S 7H Bl AL
A A3 AE, IR AE, 8% 9 Ao tigt of2te) vt sl 7
3 354 9J4E FXsH AFe] 7] gEelthKrier, 2009;
Jia et al., 2019). HEZS EA] 0] 27121 Jacobs(1961)= =412
L2 AofA Y Bz G5 o2 T, £A|o] YHL o
22 AT e AR, B, T FoAY EEa 2 T
o] girtx 45t wheti] AR S FHIA7]7] SfEiM=
AFEEC) A vl £ U= A2 £F, 52 Uk, FH
E2 Exol§ E3l oY A8 Fol "asia st
(Jacobs, 1961). 1€} B1E] Ying and Yin(2016)-2 =A12=19]
AHElA 2pof AFslo] 7t29] B3 70| AlghEo] &%t
= AHEA F2to] E o 2A9) #Eo] Folxitkal 331 3it.

olF, E=A|Y] EHE AFssty| fla) oyt e At
3= tHAzmi and Karim, 2012; Filion and Hammond,
2003; Lu et al., 2019; Yue et al., 2019), th-E2] A3 A-to]
A EAEES B 8] @ 2AL B ARRAE E
S350, AEL] FHAQI FE T #49E APt
3, 95 AT B A9 AEY i dlolEHE &8sl A
S BA3 A= UCHRE- 0]527], 2021 Ye et al., 2018).
ol f8d7U 2ng wiE AR HEAE Sl AETt
WAL EAJEES whgatr)of $HA7 EA%It SRR AT &
Al 71&9) At FdiER 22 GPS WA AR 719 wE e
2 7§70219] o] F A dojejet T2 Wjdt ARE S &
Aeh 4= QA ElSit, olofl ukeh A&l A A& B 35
Bldo|ejet KT FUIE LTE+5G Al1d dlo|ejE B85l A]
< Aol YdlogE AlFstL Ut A& A¥olE HolHe
EAYIS R, =3 9 Az, ofF 2AY, olFAtY A,
3, ol 28 Az 9§ AR ARE G o] EANIY 54
Gato] TAl] B Agsshs 2o 7hsslt. mhetA
TFollAs AEA AZolF HolHE &8sle] mAEES
st gt
T, 7 5ol EElE, AR FHoRA EA] AL o]
2407 ZA9 &3 TN B0l UrHZhang et al.,
2021). $7o 7Tt it Q1A ARgAte] ol gake |
A ApgAe] g gigt 5], A3 E W HES T 5 A
7] g2 o]tH(Nasar, 2008; Yuen and Hien, 2005). ek EA]
73] gt ARFES A4S Wk AL XS £33}
+ 4l o] T2t & 4= Uk, sHAITE 7f2 73] g A

2 oz &

¢

d
o
(=14
=
A

£9| A4S WHYst] =ARE S S A FET AAo
t}, 3 Eof, HdolEle} ey, geld 5 d3AF 71€Y
o g 7tz gt AFEe] Q141S Ag3tshe Aol 7t
S31%HOrdonez and Berg, 2014; Naik et al., 2017; Yao et
al., 2019). o1& F3l =AIEY FFaS FAsh= v o A
sYtol A whdatad el 3R opel =A|Q] Tt o
B AREE Q) FHE Q141E WHgshe Ak 7Hs sl

ol2igt v Aol A £ A= AEA| Aol HlolEl 2} PageR-
ank ¥EES B8l ZAIZEol2= Algel s T3
EAof w} 32 3N BT TALE FESto] AR oR
AoJEtgint. ol= 5 T3¢ T FHY A4 A= d=
7] Yot 2], 2016). BH] EAHE LTI &

o, SOHL T Zo| F3F B34S 711 Y= 3ol H]
GEE T8 5L TS A9t e T3S Z3ji
olgfgh vl 5 T YT 5ol dojuk= 29 A9t g
A AFE A, 4 3 Aol FES wol RerhErg
#4148, 2019; Krizek, 2003; ©I'E$l- At 2020). E3,
EAER Y JkE ulA]= 8%1E BA5] 3l 8 EX|ol§
& HE 5= Qe POL XA, A58, 25873, 7I23E 5
& RA3Bsle] 24 of B-g5H5ich

A HREo R 7 ¥t EAIEE I 71A) = AR B ]
A AE =53] 93] 47T 71 AR #8Skglth
Loz} £4 duE F3l 5 tAEY S A7)
g AA A A S =&

I, Meliit &k
1. EA[ERio] Fo| W &3 uH

EAIEE Y] AP A2 O Al AaolA §A EAEZE
o] dup} uhE7el= WA Al E7AREl o5 HoE R
HRavenscroft, 2000; HFF, 2020). °1F =AY 7jd-2
AFB|A Aplat A A Ao w FEE o] Ao HtHBromley
and Thomas, 2002). At3]%] &ejo|gt A|2] ofe] F7tof Al Wt
Aok 45 AR A EAA Y (buzz)2 2vlsin], A2 &
22 2|, A T4 52 B2 AnIRtHH B E, 2020). & 4
TFolA= EARY EF482 BT = A= A1&A Aol bl
o[elE 83t EAIRE 2 F 71A] A9 Aid 5 AR Ak
9] L A|ZRof 8l 223 07 A oJs}arzt g,

52 ol g 439 =4 Welole/t 45T 2HE
we} o] olgstel EABES AR 0 245 Sia ik
3 d5o] APHAT TAHCRE Yue et al. Q019)= 2414
A9 g7 g 8l BAIgE S 3552, o] g
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2] dloje] & &-83lo] =AY S S AT-50] A
%cHjin et al., 2017; Kim, 2018; Li et al., 2020). °|A 2.2 1]
Fo| £ o, EAFYL oot FH2 HdoleE E83te 3
oJd & e AEE 7HAL ks AoR of3iE = A
S AL, 2020; 2H-0157), 2021).

53|, T AvtEES] FHAR AN GPS 7% fIAAFE
F3 7129 HHOR o|F EE3 =AY 24 AL S8t
1 IcHYing and Yin, 2016; Y- 071, 2021), B2} A
FaATolA EAZEHES S37] 9130 ARSS 914] HlojE R A
AT dlofel= 5 AFel 53 HA|o EAlsk: diolelE &
B315ict, uheha] AR o Ego] dojubR] - djofE = A
S ol Hlo Z@=o] A7t AR= Uk, shAlRt, A
AFYCHA ] =R B A9 of FtoflA WA= &
5 ol o] Aof= ek, wheta] AA ol Fo] LAY dlo]E Tt
= B83to] A A5k 2o Wasittal & 4= Uk

2. TAEE FEeol

Jane Jacobs(1961)= =A19] &=lof Qlo] a3t ] 71x] B4
2L AF3IG). FAA R, EA] i B3E RAI5)
7] 913 Ex|ol g &3, 22 A7]9) BA| £5, o H JE, =
= UEE A9 E3o) Y32 vA= F8 22102 AXEY]
. ol® 8L EAFA EATIO] 2Y 4 JES e
T 842 £ 4 T, gt EAZEE 2ARIY 852 B9
A 2ojA ghEojA= ALR o 5 UtH=EH-ol57],
2021). Jacobsi= o3t =AJ] BEE TH|5 Al 53
oA ARR), AAZEE SEA7IE A4 Y] Sast adet
I kA ol2jgt E214 87 89S 54 31l =AY
o] Yo| RO|=F 3= B4R & 4 Qlth, EAS] B2 =AY
o] &F o= QI JEAgo] dojd o A7|= AoE o] 4
7] el =Y - o571, 2021).

olF, E=AIEH] gL v 8L BAF7] A
Jacobs(1961)2] o]l 7|9He 221S E3tate] APl Ee)F
7 801S FHORE E40] IY=AHSung and Lee, 2015;
Sung et al., 2015; Wu et al., 2018; Y314} ], 2016; 24-©]
71, 2021). Katz(1994)= =A0] 24 A=, Byo 45 E
Alojg2] 7154 T % HA% 1E0] 78 U=rt 20 €
o] YL v ST aLR P 0|9} e 24
ol571Q021)E W AT AR o] F3E ul A= 8AS
BAstgen], 414, 28-3R A, S8 BEAAL SOl £
Al #3038 2 AL 22 FEsIAT) ER A
gz =AEHo| J3E wA= POl 82| ThE Aoz e
W}, olgat APATE uio R w9 Bl L =AY
g3 588 do] S ¢ 5 Ytk
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o2, of2dt 223 S Tl =AU BE s A
717] $feiA = BEoll FFS A= =A £ 849 S48
SAsfof s, ol QA £A17F 3 HNasar, 2008). =
23 g die HAHAU 42 AFHES UAe= FRFL
Z AfEA gon, AR AAL AA 3 SHFQ 9
< 7H 4= 917] HiEo|tHMichael et al., 2006; Nasar, 2008).
olof uwje} ;A9 E2| A 7ol digh Q143 414 &5 7] A
& B4 A7 dee AYHIA, 0|9 #RSE] Miles
and Panton(2006) S=AIZHE ol T3t Q14 Haj 2Eof s
A5 AFPEgen, NS HHEAY st Q143
= AgoA 5 Bo] Zerhe B4 27 =25 &, 712
74T LAl tigt ofdil= =AY BES Rk Bl ot
o U A8 7HsskA # 4 922 4 4 Atk

3. siM7tset 7|AlEkE

7| A3 MAlEd(Machine Learning)o|2til= Eejm,
FrElol l=lE W 2o WAIE wetshal /l=E dlofEl S Hf
gog e J7t 9 di&shs ¢ 71HE uigciEd
1, 2019; Bzdok et al., 2017). Th2hA TheFet Aol disf -4
3t H-go] 7Fsdte] HRE dlofE o] 4o ARl thefEt It

2 AFE, B8, 71EY AFHQA HARAL 4 ¥
of tigt AR7H, d5ak 5 ulolEof digt o3t A|oFARte]
ZAstgAct, RN 7| AgEe] gatejEE ol gt W= 71 &
et s ARg BAIeE HRiste] Hold fa4E AF3HCar-
aviello et al., 2006), 71302 Sl S 7o) A
¥ Ex HAE TAE BA451LAL 3= o2 2ofellA] 18314
#8849 4 AHGan et al., 2020; Yan et al., 2020).

Iy T 71Asks €3S By Y EYHaR
FEe] ZF SHHs7E 585 o5 719 A=E Y
k= Al S sHAIT 34 7Hs3t 71 Al S (Interpre-
table Machine Learning)®| ‘"4 02 ESErAZ 343} 4= gl
Al =HA ZA] ZoFE EFTE T3t Rolofl A B-8H7] AlFst
it EHUIAE g4 sk &2 W Ecl= Skater, Local
Interpretable Model-Agnostic Explanation (LIME), SHap-
ley Additive exPlanations (SHAP), Partial Dependence
Plot(PDP) 5] Slth. 1% SHAP 19539 AlY o] &8 upge.
2 Shapley(1959] 23 A& AgtEiglon], mde] dj2e]
o] ArgHis=9] 7]oj o] i3] 52 e SAUES AS
°]%, Lundberg and Lee(2017)°] &J3] chekst 7] Ajghs wdo]
gk SHAPE AKX 4= Sl= Python W7|A171 7PLEEA &
A FAshe d o] dieA o2 AREIL YtHStojic et
al., 2019).
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A4 W EC] Hls] HlolElof tigh AleFo] §lof fAstl A2
o ¢ Ao B, SN FEH 7R AR B
HAY TAE AT = U3, AE SARF ulg| 5o
B0 Aol EAR. metA 2 A WHESE TAgs
YHES E83la, By BUMEAE st EAIQ Lo
VL v 80S B3} AT,

4, A7 AHEY

AT 1% Aujo] W2 FAHL cheat Pk, A, 712
o) EARE 2 WPHS B 24}, HBRAL 5 B8
AL, BMEE 92 dold, AFAT Hrlols 52 B3l
o}, Sk olefat dloleh Azke} vigo] Bl S ThAA7H
gHgElo] AL EAINO) SEAS sl ol A7t EA)
sjo] ZAIRIO) A4 o] HolElE BT EAUY 27 ATE
yxgt Aol

=4, ditke] AATolA AMEE EX|01E W] A,
AT 2199 A5E dolEE 7oz &3l Ut ASE
HAE

dlolele] - AHAE F3f T EAlolg2] +2Z<
T 4 ks AHo] A, A, F EEE VISR A5
Hol gle ASFE dlojH 9] 8= E8E A58 B¢ 74
3 ARR B 5 UrHRY-ol57], 2021). WA o] 23t &t
e BT o e Rt TR0l dE 858 AYsh vt
£ o] Yasjrt,

AA, E=A2] Zgo] tigt Q142 =AIRIL] fF digt 571,
AT 52 2A%H AU 71232 EAEEYS T4
71 dlofl =go] & 4 ot AR, HlolE 53t 71EC) 3
2 3 7= iRt AR EY) S AFR - e
Aol EAFE. whebA 7k= Aol it Q14o] EAIE o v]
A= ¥l dsl] AT de R Aol nxgte s
71AIRks BE2 A A vls) A dlofeof that Aok
o] ZFr29H, B2 A5HE 7L U, W 7 AF B
HAE BAE ZAT 5 Atk ol ARl 28t ol
283t =AERI g¥RQ e WIS 24T e BE
T Aot}

ojof| mhE & A7te] APEALE o 2tk AA), 71E Al
A =AY A E2 go] ARENE FAE AT A= S
SESIIL =AY HA| FE-S utgEty] fiste] AEA] AR
& tlolEet vIEY R S-S B4 4 Y PageRank ¥

T2 Z8slo =AY s AP A, V1€ A%
B9 F §ES 7NIO R F5H B0l & ¥ IAES S5
s7] fl8fl A5ee] S8 s ERst EEE UEE =
E8 5= 3= POl HH|o|HE B33t AR, =AEE 3
o] 7k273 ] tiet =AIRIY] Q142 Wkgs}y] fiste] Had &

PGS Lot A2AlY 7t2A T ofu|Ro] didt EARL]
S ApH o= APl oA SN 71sdt 714
852 B30 Jacobs(1961)9] o]E2 wigo2 748 &4 &7
2 @30} 7ER 7 Q14 Wi EAIR ] u]R]= AY Es
AR BAE 248t AZH A S EESII

Il EMXIE U SA{dHH
1. BAxtE

£ A1 =X 223 841 7t e digt =AIRY Q14
o] ZAIEYT 7= BAE A%l o 23S T At
ujeka] TA]Q] e FFslaly| fla) AAlA AlFsh Al
£ AgolE HolHE &8sl en, uety A9 F7H ¥4
£ AEEEA 0|3 B4 29 BAFOIHE 1), =AW &

£ 3k glo] B3] vlE B8 Aol 584 #et 5 F
8 Ao} 317 9 AR50l B39 BAE B8E ¢+ W Y
ol B85 WA AL Al B35 1A BHS B8l
F-9] AlZHA ¥9lE COVID-192 918t A7) o} wfe wis}
£ Aojalr] Yt 20219 149 F2oto] glo|EE AMgaHTt,
2020926 249 7i7o] A1&E COVID-192 18] &3l H]
iH AR 539 gfdo] ol Bk A2to] Hof 97| wiio]
EAE I Aol COVID=-197} 2HA3517] o] 42 w5 11
2 A3 HEoAe 3 8ol 7] fEe|thFHEA,
2021).

O (E D2 & dFolA AgRE F5He S o
gk Aol 9l EAo|c}, F&wl A& AgolF blojE= KT 7]
A 2ol HAEE LTES} 5G A15E vigtog 24x)9} B2y
o5 QIYULE 7hgdte] /gt glolEolct, mAIIe] AR siE
EAL 58 Al 5A] A2 7180 & oz Aot 7 A
A7} =, FAH LR, I ¥ 7|E B AQA Ay

The case study area
[ Administrative ‘Gu’ boundary
] Administrative ‘Dong’ boundary
B Han river

B Mountain and open spaces

281 9170/ B2 Y W B T
Figure 1. The case study area and unit of analysis
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1. #1450 F9| Table 1. Description of variables

Variables Description of variables Sources
S SCSYSHEAEY Urban vitality index for commuting traffic using
‘DC‘:-**' tﬂg i CCommuting driven urban vitality PageRank algorithm Seo('j-”t
ependen open data
varFi)able HISZ 88 =5 AR Urban vitality index for non-commuting traffic using ?2021)
Non-commuting driven urban vitality PageRank algorithm
| 2
fg:’élfnsg c%‘%é;yézwti)al Number of POls in residential facilities by
facilities (no./km?) administrative dong/ Area of administrative dong
fod | 2
Eg—ll%‘e‘?]g? g%gfihggi Enr;o) d Number of POIs for neighborhood commercial
commercizl facilitgies facilities by administrative dong/ Area of
(no./km?) administrative dong
O ) A
ﬂg‘a‘;}'i}? gfl :ﬁﬁ:ﬂ;&?l ng Number of POls for manufacturing facilities by
facilities (no./km?) administrative dong/ Area of administrative dong
POIEY o
POI F‘"‘,’&l geor: S%Eé;HéléF;l?)i vl Number of hospitial POls by administrative dong/ Kaé%ozgap
characteristics Ity P Area of administrative dong
(no./km?)
AR AAIM POI L=
(ZH/km?) Number of POIs for sports and leisure facilities by
POI density of sports and administrative dong/ Area of administrative dong
leisure facilities (no./km?)
S Al | 2
S§%eigilt3%oif(: gé:? uza —_— Number of POls for restaurants by administrative
(no./km?) dong/ Area of administrative dong
POI 28 Entropy index of POI facilities by administrative
POI facility mix dong
712 Y= (km?/km?) Building floor area by administrative dong/ Area of
Building density (km?/km?) administrative dong
;2 Bt 4= =0|(m) - ) o
=g He o A ,
Inglepe-rndent E:ng £ Average building height () Average building height by administrative dong New g(édress
. uilding
variable e w7 A2
characteristics ~ & 1= L0l idi iapoat: 2021
Average building age Average building age by administrative dong ( )
g Lo| Ciekd Standard deviation of average building age by
Building age diversity administrative dong
?ﬁlﬁ&iﬁig&ﬂg n Number of three-way intersections by
density (no./km?) administrative dong/ Area of administrative dong Opelcl Street
. ap
liélufﬁaiy Tﬁigﬁg{:ﬁ% Number of four—way intersectionsby (2021)
density (no./km?) administrative dong/ Area of administrative dong
1sszsy  SEEESm) ; i National
Trarfic Average road width (m) Average road width by administrative dong iy,
environment B £2 20](km) . . DB
characteristics A‘:‘V erage road length (k) Average road length by administrative dong (2021)
HARRE QI (7H/km?) Nurmber of bus stops by administrative dong/ 5 2?1051 ;ta
Bus stop density (no./km?)  Area of administrative dong '32021)
SR = 2
gfﬁfﬁx%ﬁﬂéﬁ? ) Number of subway exits by administrative dong/ hewd gdBdress
(o /km?) Area of administrative dong (2021)
=2 ol JI2 0| BUE! Q1A X4
2N EY Lively Street view ‘lively’ perception index Naver Street
Street view - - View
perception QiEs 72O QMG Q1A X4 (2020)
characteristics ~ Safety Street view 'safety’ perception index
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SAIE Z3ete AFE A Agte] B & AFAH), T
71& 3 AofA] MY 54] o] AFE A Bt o] EH A
B 5A] oJde] AFE B FA Alle] 7 B S A
(W), 2 0]2]9] AHE 7]e} FAE)R 231 0]F9] 470
FRE Azold, weti 54 A9 o] WiEAH o2 olFsk=
Aol e} v Q7|4 oF-S FE3l= o] 7Hssltt, ol
gl B3] HAHR LAE vAE JFS TR
A8 52 53 vlE 2 BYPo= TE3lo] B 2 A
TolA E8H T R HojgRE 59 AFA N 2R
A2 o] FH(H-W), LFA A AFA 29| FY(W-H) glo|E]
7t ZgE|9leH, vlET B HolHEE U 52 53
AlLlgt glofejet G5 T FAQA LFA oA 2FA 2] 5
(W-W)& A3t dlo]el & &85t

2 AFolA AMgE EPsEE 34 P01 B4, AFE &
A, BEEF B4, 7127 Q4 EAoR s WA,
POI 54 W= 242+9] Ajdo] 9475 A Fej2 LA43= ] 8l
£ 37t dolgoln, AZE flo|g 7|ule] Ex|o| g WaHT)
S=7} o AlEstEe] glrhs Aol AtkYue et al., 2017). ©]
23t -3 POI A2 AEQI9] o] QS t]X|0, LA
olXe &Eat FHo] e FA3 Hao|H(RY - o],
2021). wH2bA POT AlHS] B4& FAAAE, 28 4QA4, Az
A A4, BY, 222 -YAAA, 44, POl EFE=R FE8}
o] FE3}90c), i, FAAA POR= oltES] A9 F 1719 1
709} pOIZE A=, GESEe] Zeole AE 1747 1719
POIZ} A4S, FAAA o]e]e] AL 22 Z4E b et
= §F ALHE 17 1719 PO A E POI &3t &
g POI Al 7ol tist AEET] 2|5 E-83le] 75319
o FAFLE, POI EH=E 07H 1 A]9] g 7HAIH, 19]
7SR SY WA POI EFHFEo] 1124 o]FojA
WSS ougiet,

AZE B4 W59 H9o0E Jacobs7t AFE EAIE | F
2 v 8 B3 3 89S whstas stglot, oAl
AF3IARO] Jacobsts & AE UE, 2 £F, T EA]
ol &, TRt dige] AL 248 @9lo2 FAEIT) ulekA]
2 AE UE, B4 AE w0, B 4E Y|, AE Yol o
oz TRl pHelgr}, w5 E49 AS ==
o] 12§ Yo TEI} A =2 F2E AYsi £59
715 T £ e 37 WAE, 47 w2 Y E 518}
ek, o|9oje B E2 E W &2 o], fjFuFoR9)
e vYeide va AR s, Aot & U=E 75
atalct,

uiRjgto g, 7l2 ¢ A4 B4 W] S Budt
(Lively), ‘A gH(Safety)’ 21412 E-83l0] 153150} ol 9
3 JaYd 2dy oAl 2de 83l LA 7tE3H

of gt 4S BBt FAIH R, Held e MIT
ol A AFFt Place Pulse 2.0 Hl°lElE 7|We & Gy Qnj&
2] F2H(Semantic Segmentation)& Z18§3}o] 71273 o]u]7]
THR4E vlE=A Agslsiqint, olF, AFsHE 712 ojuj|
Hlo|EE miley BdS 83| SGAI 3, AZA| 7127
3+ H]glo]E] Al2l Naver Street View(NSV) ZHeghi} o]u]z] &
283t 7h= AT Q14 A RS =EFGiH

Place Pulse 2.0 Glo[El= A AlA 287 57}2] 5671 EAJollA
& 110,988712] Street View °|7[AIE ¥ 1627] 712] 81,630
go] Bt glolE= o|FolA Qit, W7ol B8E oAl 7HA]
A|3E+= Beautiful, Boring, Wealthy, Lively, Safety, Depress-
ingel™ Z} AFHE F % o]u|x]9] L-AE v|ud Hlojgol},
olgfgt |2 +AH dHoleE AZF3st7] 3 Microsoft
Trueskill F3125-& 83} ojuj#] 7t A E& Hr3sigltt
(Herbrich et al., 2007; Zhang et al., 2018).

g Ao 7tE 7T tigt <14 A HE S35 o AHgH
X&A19] Street View H|oJE= NSV heefu} ojn|2| & &8
stk NSV hieght ojujzl= 20208 E2WE 7IEoR
10m 7H22 A& AAstaL, 7 239 sk oedtut
o|u|2E FEBI ARESIlH, Tt £ dFoAs Mg 9
ol FEo g2 HYsGS o W= of3slal dj4s}7] ¢
BEAY, FHBEA7E =2 M AASH webA HEH
2 P Lively), ‘WA Safery) o] et A4S Hegzialel
71273 Q1A W2 ARG 7123 digh A4S A
33 A 2y d¥ae oE (2 )9 2

2. PageRank ¥112|5

£ AFoAe EAEES Fg] sl AE AgolE
©|¥|2}t PageRank ¥iL2}5-& B8 PageRank U3Le)E
2= Google HAof|A] FAPO|E He] &=915 A sh= o AMGH
© gagEer, dolo gt Fa9o| =0 FAL ALt
YA E7} Hulit F83k] 48K Hl ARg-EtHPage et al.,
1999). PageRank ¥312&E $A| $449 AU £4 =E
o} AdE BE P39 gho] FUH AldtEls BAE =53k
9 #o]#] 7te] HA WAE F3 2 AN FaTES e
2ol /EE . PageRank FIITEE B85t A9
B2 AT & Jlon, 182 A9 A FAEG A7t
52 o YA veRd 4= Ack(jia et al., 2019).

PageRank ¥312|5 HIEYA 71 83 P39 42
MR- (In-bound)2} oF2-EH-E(Out-bound)2] 40|t}
PageRank ¥alZ|EolA= BE =E0] Qb2 E FJIAE FYs}
Al Atehz Ao| ohuf ol RHIEEH e E0] FQ T} 0] 9
| 2%€t}, PageRankoll AM8-E 3412 th53 229, PR(T)
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Figure 2. A framework for quantifying street view perception using machine learning
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2go] 9lrt, gt o]g HFAQ] s|HEA | vz =g
diE¥o] il A5k AF7HE F dlol"of it Aleke] Aol
W= 719 A E= vAg WAE BT 5 Y= VAEs
(Machine Learning) W' &¢] 483t} webs & Aeli=
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7| ABHES AF A 2ok, $AF 8 7% B8
ato] HRE7E kst F ol8 B9 E e Y
Hdl= Zlo|tHTom, 1997). & AollAs 7|AE: WHE 5
Scikit-learnoll Al Alg38k= Multi-layer Perceptron(MLP)
Regressor 28S AMESIATE. MLP Regressore 4, 9
4 2y AFer F4HE o8 Rl o8 ehaE:= dagEel
o}, 3fF 239 &S Frlst] St A E= theeo] Ao
A ARgBEL Qe BAAISRR), B EH 22 Mean Absolute
Error), A1 22 HMean Squared Error)E 283131t}

olF, o] AL jAslr] sl A7 7 AEE
221 SHapley Additive exPlanations(SHAP)E #8515
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o] 22 ulg o2 RhEoiXl HHoltHLundberg and Lee, 2017).
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o|uZ Z} ¥ 24719 Ho| vehdtt, o WAL 3T ¥
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FENO R BAIE, & X599 0 7|2 "o gro] F71
U8 28 FAIEHT T W BAREHI ) B

£ 71 9leH, AZo] BAIETHE ()9 BAE 7HAL
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03 AgAle PAFE A8 Bt A% 3049 =AU Ao
Uehton Hi dgo] 7k AL YT 4.454, 7H ES
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£ o 12.65m= YUERRIL, B wo|7t 7 de #E5
4.21m, 7 £ 52 67.73m= Uepgt

IF 37 s 5 N2 Ues YohE 2y 92 g2 1
R E 3] §i5te] 37 LAFR Y] W=} 44] wAE o U
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F7HH o2 qFiag FA HeEA BA AFE Uzl 7]
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A)), o109 2| g 7]Ef A Y22 L5,
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SHATHIE 3). WA B F89 49, AH, A%, 29 A
2 3=40 FFHE £2 B Aavt vyt ole A4,
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Ao 542 T2l 2HE =S8tk Bdd = Aok

3. 7123 214 st JAEE 28
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B2 73248

Table 2. Descriptive statiscital analysis

Variables Obs. Mean S.D Min. Max. VIF
Sc SU A 424 7 17 7 17.57
S5 Commuting driven urban vitality 20 8 0:78 B )
Dependent B0 S8 cAE
variable 5L 5% = )
Non-commuting driven urban vitality 54 Sz 162 G 1438
FHAH POI =
POI density of residential facilities el o780 oAl 0:00 0] i
TEAYAIE POl 2
POI density of neighborhood commercial 424 31511 262.85 3.29 2,238.70 431
facilities
HEZHAINE POI U
POIEA POI density of manufacturing facilities £ L “8ds 0.0 SIS L
=
POI HH POIE=
characteristics POI density of hospitals 424 ®H 26,08 0:00 24097 Bt

ALR2 KA POl L

POI density of sports and leisure facilities

424 2492 16.68 0.00 100.09 3.70

SAEPOI
POI density of restaurants

424 206.33 164.65 219 1,124.01 472

&L Egﬁy e 424 070 016 000 088 121
Eﬁ;ﬁ density a4 106 052 000 301 405
gﬁnig E\%fgﬁe Lf‘uolllgl‘;)g height 424 12.65 7.35 421 67.73 3.54
characteristics Efrjfgﬁe o _— 424 3026 560 445 5418 175
Eﬁ;ﬁ gg%;ﬁwer ity 424 1393 1350 266 17689  1.08
?ﬁ're%"faﬁier section densiy 424 11399 7860 556 42421 263
,ﬂgtﬁfy E — 424 3556 2808 000 18561 318
%:,E—f%? £4 fgr?ge i(a'"g)wi s 424 7.01 3.52 271 2692 358
il ol e Y 44 168 205 010 1563 236
Lo Jiff;%ity 424 2138 1346 000 8766 122
gfﬁfﬁﬁﬁensi iy 424 390 472 000 3275 174
gﬁ’éﬂé ﬁif‘i 424 051 006 032 084 341
Eterr?:eetp\é:gg ordet 424 043 0.06 0.33 0.79 497
characteristics ~ Safety ’ : ' ' '

al., 2006; Ordonez and Berg, 2014). 2 G- ollA= H3ls]
o] =917k UgE 7k ofn|A] vlole| 9] A9 10%, 3t 10%5
B8] 352

ol £ 7t2 A A A#F Shathe dl ol i A " 7}
A BES vt Ago] 7Y $& B2 ARBIAUTHEE 3).
Bl AT FFH O AN 743G 232 CATBoost®|t

ZeYsiairt.

80 =EAE, MsTHE MoE (2022)

CATBoosti= 7% 734} 8174 7]ike] o] a3 ]3] Az
E % 4SS =Yt diS Asol St Lol 3
F o] Aok ‘ghilglo] 75%, ‘QHASFo] §0%= LERL F
7FA] A E BERoA 75% o14e] FREEE YELL Sl AR
yepgtt, E5h 23] HuAQ] 452 2ush= Area Under
the ROC Curve(AUC)9] 7-$-oll = Hwol AR 205 U
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Non-commuting driven urban vitality
— Administrative ‘Gu’ boundary

Commuting driven urban vitality
— Administrative ‘Gu’ boundary

Administrativa ‘Dong’ boundary Administrative ‘Deng’ boundary
[ 0.75-2.36 [ 0.65-2.30
[ 2.36-3.56 [ 2.30-3.50
[ 3.56-5.24 [ 3.50-5.07
B 5.24-9.41 B 507-852
B 9.41-17.57 BN 852-1438

0 o
38 3. 5 SHE SAIEE K (2t 52 &Y, R HIEZ 8%)
Figure 3. Urban vitality index by trip purpose (left: commute, right: non-commute)
B3 20N HYs By T AL Table 3. Evaluation results of street view perception quantification model
Lively Safety
Model
Accuracy AUC F1-Score Accuracy AUC F1-Score

CATBoost Classifier 0.75 0818 0.754 0.80 0.871 0.804

Random Forest Classifier 0.74 0.813 0.741 0.75 0.825 0.749

Gradient Boosting Classifier 074 0.815 0.747 0.75 0.827 0.752
ERaL Q5S¢ 4= A o] & AYE Hi} AFAL 5ol B AHAH U2 ofu)x]

olF, oA dFRHAIY HFHoZ AGHE V%S BFl 7 gol =2H 2S¢ o Yk 223 M Safety) 240l
&9 NSV whcgfa} o]uj R E &gsle] 723l tgh @l &2 AHL =27} WL FARY U2 712 R oju|A7t
A]9] A&ghe =&Y (O e & Ao 883712 Wol EE2EHATE €+ U &, wFARIERE Q] oHA, HE
A A4 AEQ EiHLively) A4 Mot 22 A9% WS 2REY A, EY A 5 71278 ANk A A2
A Qo] hgt AA] oju|Rjolct, hAH o2 BETHLively) U4 F BEE IR A A} B vERE € 4 AT

Lively

High
(Top 30%)

Low
(Bottom 30%),

3% 4. MEA| 7I=2Z 20 Bt 2ratal QFxIst O1A] of|A|
Figure 4. Example of perception of lively and safety streetscape in Seoul
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4. TAIEH oS 28 ot

w2 AFofM = EARE| Y A= 2902 =&l W
9] Y Tz AT TAE =35 H8l 7|ASks & &85t
o}, dEAo = ARRHI Y= B 7 7148 23 A
< Wi 24 3 vjastn, 7P o] £ 23S AHs)
FCHE 4), FFTHoE & Ao 88 7|43 232 MLP
Regressor®|th, 2@2] AgeL 7157 $18] 80%2] &5 o
o|E{e} 20%2] B7} HlolH = S35t} &, <5 HlolH= A
A 924709] HlolE F- 3397H, B7} Elo]El= 85719] HlojE = &
FE, o], 2F o] WAt WAJFL S ¥ 4= 9
=5 139 350l 932 vlA= 78 viHsE 28I
2FH o8 3i5E 2Yof tisf B} dlolge SH/SE E&
glo] H7} HjolE &) FEHMA] EAZEE o S3He S 53t
T AF 3AEA Zujetvlusiglon, 7|4 8ks 23 MLP
Regressor®] ZAA5(RY)= B 53041 0.34, ¥15 E3e
A 0.2622 0% | ARF ] 23742 0.20, 01750 =4 1
oF EAIEE JFa U BAFh= ¥ Qlol 71AIERE 2¥0l o F
S g 5 U

(E D+ 52 59 ZAEET v 2 58 =AY didt
MLP Regressor?] 2% 7} A3} 3 24 vi7aE yepd
Folr}, 2H WS EE WA 245 golof2] 7ot wH
9] 8 Al ‘hidden_layer_sizes, frHo] 35& XAAT
9] 3552 £48K= learning rate’, 12 H'AEE E-8314
wdo] EXEE A|osh= alpha’, BH 9] Hdf 3% SleE A
Asle ‘max_iter, T W9 A4l Eoj7l= Hlojel o] 2718 4
A8l ‘batch_size©lth, E5F w22 843} 3= ‘tanh’, 7}
2 FHIE 93t T adam S ARESHGT 2|A mietolE
£ = e REs a2EE dAste] A9 upyisE de
GridSearchCV #H%2

o]

=
[=]

& B-g3iglrt.

B 4. SAEE GYR0 ZAZY Bt 20 H Y 0#He

 SHAZESE JEls wHEs HRs SAle
520l 24

(a8 5% (O" 6)2 & Aol AMEE MLP Regressor
wgof i d47Hs 71AERE? SHAPE #8310 53 =
P2 A0 FREE &% Aujeln, WA, 2 99 4
%, S44 ro1 U=, FAAA POI HE, Bt AE Uo] 52
£02 L9 Felo] gakg n|2= A0E Yeyith A2
Z 7 %80l =2 24159 %%, Local Shapley Value &
o] 2 FHL ol YEE 7|E 02 H(+)9 Wil EA3te] =
A== SR HAE 7L oAl & = gl ojet Rt
=2, FAAA POl ¥, B+ A& yole Bz Local
Shapley Value®] #to] =& &2 3ol X559 02 7|82 &
(-)9] Wkl EA8le] =AZ k= £ WA E 7L 9L
= Aoz yehyit

Hg 539 A%, FAAA POI U, A8Hd &+ U, &
A4 POl 2= 59 &0 =AJ9 fo] Pk nA= 2les
el FAAIAE POl Uit B 381 Bl 3 538 25
A ZEAEE £ £ TAE 7L e Ao eyt
t}, ol FAAAY] Y7} 5 25E SUA2A 9 TS Fol
stA| 7] mos gekE oje} vit® 3414 pO12] 734,
T T ulE 2 B BRA =AY 52 FHH &
AE 7= A2 Ut ol SAd A 32 53 B
Az]Ql F8 E4jo] go] 3L gl BT FHY F2 53
A2 715 8k Q7] Hidew wetEd

POI E/44& AW, 2§38 AT %] #A7}
= 82U 244, POl ERE, AxYAAE T8 e,
ojgt Witj2 FAAM, Az -FAAAL 52 ALE 52 FF
Al EAZE T 5(-)9] #AS 7H= A2 2 YEPET PageR-
ank & T =2 OFRHLEE FA(FH FE)HE ks MR

j
=]

Table 4. Assessment results of analysis models for influencing factors of urban vitality and adjustment parameters

Mot Commuting driven urban vitality Non-commuting driven urban vitality
Vi MSE MAE ) & MSE MAE

Linear Regression 0.20 5313 1.150 017 2.933 1.166
Gradient Boosting Regressor 0.26 4924 1.095 014 3.038 1.130
Random Forest Regressor 0.10 6.005 1.282 017 3.161 1.128
MLP Regressor 0.34 4419 1.048 0.26 2611 1.038

Hidden layer sizes 250,10,100 200,100,200

Max iter 1,000 1,000
Parameters  Alpha 09 0.7

Batch size 64 64

Learning rate adaptive adaptive

82 "SEAE, Ms7H MeE (2022)
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urban vitality
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Figure 6. Importance of SHAP variables influencing non-commuting driven urban vitality
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