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Abstract : Walking, one of the green modes of transportation, is very important for the transition to a sustainable

city. In addition, as it has been confirmed that a pleasant walking environment has a positive effect on health

of local residents, many cities around the world are promoting the creation of an eco-friendly and

people-centered walking environment as the top agenda in urban planning. As the awareness of the importance

of the walking environment has increased, many studies have been conducted to identify the physical components

that constitute the walking environment and to find out what kind of walking environment people consider

good for walking. Existing methods for analyzing the qualitative walking environment based on surveys targeting

residents or experts showed limitations in their representativeness. On the other hand, the recent development

of high-resolution street view images and deep learning technology makes it possible to obtain detailed perceived

walkability scores by using paired comparison data for street view images as a training set. However, perceived

walkability score prediction based on deep learning technology has limitations in providing an answer to why

such evaluation score was obtained. The purpose of this study is to analyze the characteristics of the urban

landscape that affect the perceived walkability based on street view images. In this study, we tested various

machine learning models with the perceived walkability score of the street image as the dependent variable and

the semantic segmentation ratio value of the street view image as the independent variable. According to our

study, the regression equation of the support vector machine was the most accurate. And in predicting the

perceived walkability score, the importance of the object was in the order of roads, sidewalks, buildings, trees,

and the sky. Our study showed that the higher the segmentation value, the higher the perceived walkability

score for sidewalk, streetlight, road, grass, and tree. On the contrary, the higher the segmentation value, the

lower the score for ashcans, mountains, trucks, and walls. This study is meaningful in that it was possible to

identify important objects and their direction that affect the evaluation of the walking environment through

the machine learning model, and to partially explain the perceived walkability score predicted by the deep

learning model.
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tree 0.2095 0.0206 0.0854 0.0099
building 0.0334 0.3151 0.1214 0.3219
sidewalk 0.0233 0.0185 0.0988 0.0528
car 0.0188 0.0811 0.0 0.0
wall 0.0159 0.0951 0.0393 0.1261
signboard 0.009 0.011 0.0056 0.035
fence 0.0072 0.0011 0.0017 0.0017
earth 0.0044 0.0092 0.0029 0.0007
pole 00013 0.0 0.0 00119
railing 00008 0.0 0.0 0.0039
streetlight 0.0008 0.0 0.0004 0.0
grass 0.0 0.0 0.001 0.0
plant 0.0 0.016 0.0089 0.0362
field 0.0 0.0 0.0 0.0
ashcan 0.0 0.0 0.0 0.0
truck 0.0 0.0 0.0 0.0
mountain 0.0 0.0002 0.0023 0.0
awning 0.0 0.0067 0.0013 0.0
trade name 0.0 0.0053 0.0 0.0
person 0.0 0.0 0.0005 0.0243
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vall  tuilding sy wee  mad  gass  sdewalk person

a3 8 =3 H=9

T yE2 0-18) AlEelAd vle g,

AL 23 227 Sef A (wall(H, F-8-2)), building(A
), sky(3ls), tree(LFD), road(Z)), grass(E, 2H)), sidewalk
(H32), person(AFRD), earth(F, &), mountain(4h), plant
A1B), car(RFEAD, field(S2), fence(H2, 2EF)), railing
Az, Y7b), signboard(7H), truck(E2]), awning(X}
% Tl SPusE R
712) A B 4 % 7h 1,200 WAL I 1200
Aol % 144000074} A= ololA gk AR
Hlold g 1,440,00072) HAo 227he] A7} 2}
7 ek WlE grolch B9 W AL 227) 7
Ao Bt E5E SEi(C1E 8) AAmT o] (outlier)
7HEES o 4 Qloh 4 A oS AAT S
St 7t olAl= o] A, HisoflA] Bl
W= BAA H7E Aol 9% F9UE 7Rl
ShaL oA AlA 2 sHA] gtk ollE
o e 0HAIETF YRR o]FofA e A5
S G ee’ AlTLHE|OI GRS Hatoll A gol !l
OJUATE UE7E B2 A 9SS 7] EHskkal wetkst
o

A B7h W47t vreh oA s vl o
F 3L a0z ou] drka s

712 GAPE 27) Ae) WA v RE ekt
g B1] Fhmeel BT YR A
PRk B 27 919
upquro s oAz
£30] o|gA| 285k

earth  mountain  plant

@r  feld  fence  miling signboard tuck  awning streetlight pole trade name ashcan

=13

=
= 38X

LA AR e AmRoTy ALST /AR mae
3] E A (mulilinear regression: MLR), 2}4 39
(LASSO regression), 4] 3]F(Ridge regression), Az}
28 Yl 3] (elastic net regression), XGBoost 3] H(XGB),
W 3 AE(Random Forest: RF), AEE HlE 3]
(Support Vector Regression: SVR), Q13417 Artificial
Neural Network: ANN), SAFARUE (decision tree regression:
DT)olct,

7IARRs o] Aot B7E Sl ARG 190,624
Mol TEA] T 70%= B Fo) ARSSAL 30%= 4
S8z Zgoiglon, Aaueold A gho] 0of4]
1 Ato]9] Hl& ghol7] wiiwol s} 4y XgskA|
gtk 2o Mele Pl e K mean squared
error; MSE)(Eq. (1)), H-&A| XK mean absolute error;
MAE)(Eq, (2)), B7gA5Resquared)(Eq. 3)) gk B
N

AISE:%E(Y,.— Y)? M
i=1

BoAEe A= AA F ¢l 3k 7 o2k B

AlEer Aole}. gho] A& ey} Erial wiit),

-383-



ORI - ZIAS - ZIX|OH - B[
, SSE_ SSR
B =57 =17 Ssr )

A2 Aot Ul 10 772 3]94]0] vJO}
chal kgt
SST=§]()§—?)2 )

Sum of Squares Total(SST)&= Zt y3ke] |

o|tt.

gl 3

S5 3(¥,~ V7

i=1

®)

Explained Sum of Squares(SSE)+= 3] HA19] 34 vzt
3 pagk Wl BAAEe) gl

SSR=Y,(Y,— V)

i=1

©)

Sum of Squares Residual(SSR)2 Residual Sum of
Squares(RSS)2tal H27|%= 3 ZpA|lE2] gholo),

1) ChEMES

TR S (Eq. (7)) shte] 5140 tigh o
FEesg Agngolrt, 814 7ol 4 de) Al

SEt), DR 53] dolelel te A4 /st
0] Loy Soz olF wo| ALEE welola} &
= tiMason er al, 1991),

L
E

Y=0,+06X + 06X+ - +ﬁpo+e 7
2) 2lx|, 2f2 3|7

S1x1¢t g 3RS A3l 7122l A
ZAS do] MSEE HA3}5}= Ll-norm3} L2-norm
ARgSHcH(Melkumova et al, 2017), 5 249 714+
S92 A %8 SR B5jo] S 2ol
2 ARAL, Rk S AR g RAE HT

m=E KT o
SHe Aolek. 2, ekt A ghe Ao 9o
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Find Best Lambda for Ridge & Lasso

—=— ridge
lasso

06
lambda

0o 0.2 0.4

a3 9. XXIQF 20| A gt HIAE

21t

o

SH e 7HEA1E 00l B Slof male st
S48 AT AL st s 15

00] ofet 0of A whEL mHolck

o= 7]TZ]_4 EHJ]E
AS 2B 2

©)

p 2 p
— By~ Zlﬁ]mij) + AZJllﬁJl
)= )=

ek 3|94 fE A gtoz sl 2NN &
OfshA] ¢k WMol AE 0ol 7S SR

A9} e malo) sehujejel A g T3k 913
0.0001, 0.001, 0,01, 0.1, 0.3, 0.5, 0.7, 1= X\ #o=Z &
&3l MSE & S43Ic " 9. 1 Zat sx|et g
& HE )\ ZFo] 0.0001Y wfe] MSEZFo] 2+t 0.65801}
0.66372.2 71&F Tokch

1.0
T:

} O

1__

3) HEtAE U 3=

Qe Y ARSI} ehe] getom
Ll-norm¥} [2-norme 257 AekrAoZ 7= 1y
o 58] Aeksd vl g BE FEAT o2
Aol =2 34 Bd(sparse model) S AAIShY 2}
ARTE Q4531 S-S HolEtHZou er al, 2005). o] &

oo&
a F Llratioo]H o Zh B4,

doj e wetng=

O

-
\__




o Ko} A} Zo] ZhgA|o] gk Al grolit
Ll-ratio= 0¥ 7% Ll-norm%t ARE- 1Y 3¢ L2-norm
7 ALgITHE ofulolch, o4 14j0]e] gEe AT
22X Ll-norm¥} L2-normE A3 &3lslo] AME3sHA
Sk ki ve] By oA 49k SA o gt
Ll-ratioZFS 0.0001, 0,001, 0,01, 0.1, 0.3, 0.5, 0.7, 12}
0.2, 05, 0.8% 31 29| sjepu]eS FH WS At
|3t 1 Ay} o 7} 0.0001, Llratiof} 0.84 wj MSEZ}
71 =Sk

4) oA AFLIR

SAPEAU Sl AP ER7]9] W
PO R Holgg Heder galsl=t] ozl A &
&S 7]Hko 2 BIeHXu er al, 2005). Xu et al (2005)9]]
ofshl dolel T Aol Telioz Lelat f Bl
A AlF HALe] TS FAFele B o 2 Hakslal o]
WS thg 719] Tl el 22 A8t & Gl
A E2je] J0}8 52 48] ol 51 ololA
5131 2 spel o] Aol shals A1) AAHS sl
oF

coe =2
Sk

5) XGBoost

XGBoost= 8 71531 e B
(end to end tree boosting) A|A~EIOF O P—% 714
O AE E] BAE(Gradient Tree Boosting)2 |
85 ®dlo|tiChen and Guestrin, 2016). XGBoost .
g2 3] (regression) 2} £
S} B oalof| A KAE mlbu|E(booster parameter)
AE3H a1 ER]O] Zlol= 6072 A5}

A

d=

—

_E
-z
ro oft

FF(classification) & 5 A

2 ‘gblinear &
sich,

=

ANE E_E“ o

| 5, 29 A Sl AMEE
NSy ‘%‘ﬂoimﬂH F219] 3l Egjo] BE
A= chBiau and Scornet, 2016), 1L+ A E
okl 312 5001 95714 49 2 2571
EE2 AlSHrks To] itk o8 Hash] 9]
fAEs U HolHz of7 7o A E
o} A2 =2F oy 24 EgE Aﬂﬁz;b_
2lof] ARE-E= HlolE &) 5 A2 3185}
(bagging) o, o] A4 Ee]o] ea5 Hets| of

oo

o=

2
_H tr oW
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E=I |
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L
— T

& Atolr=
] QI3 GridSearchCV 7]¥S A}
2} AZ(cross validation)2- 5 fold 2 ’g@é‘]-
7](estimator), Zt] Z10](max depth), Z|4 A4
Z(min sample leaf), |4 A& ESHmin sample
o] i stefole] HAEE AT 1 A 24
7], Zdjglo], 4 ME 2=, 2 B £ diet
A g2 200, 8, 8, 82 =EE I o] WH 2~
E 33| mdo| setviez 4gsielh

7) MZE Hig 3|2

MEE WE IR AxE HE Mo 37
Az, oS g AA) ge AjolE Hadlshs AFAE
2k 2] A3lsl= mdo]thAwad and Khanna, 2015),
A2E g AR A g o5 g4he] 2ol vt
Z(margin) ¢H] @K +e) W= SRS R= AHo] E&o]
THAEE 5, 2010). Z137] wixzo]l nhxle] wols o=
A2 AAsH= A7} 2835t} Ax2E Wg 3frnd
< F(uning) 3 o =8 e}l E|(parameter) = 7'
(kerneDo|t}, AEY Fi= A3 #HY(linear kemel),

7F-A|0t A(gaussian kernel, RBF(radial basis function)),
o}l #d(polynomial kernel)o] Uil H HILofA=
RBFE 7|2 Afejsto] ARgololrt. Eok @215 At
U 51-88k=Alof| whe} AL E vRR(soft margin) ¥} SH=
vl (hard margin) © &2 Uss 4= QIEHIE 10). AZE

e me ool WSt & o] AHgH dlo]
Bl olYXE BHH B A oSl JFS TS

A0 B oS AANA ekobr] uhgel nhg
2oH TeplEe] Cleosd= 718 4% 2Rl 1002




k=
s

N} )

0k =l (margin)

X
e Y UM HEEE L0 =(noise)| H2

a3 10, MEE HiE| 2ol 7|2 oto|C|of
* upxle] Yolg A 4E = uhHl, §A T4F AZE
vzl

Finding ANN Best Epoch

0.800

e
y
©
«

e
~
I}
o

Mean Squared Error

0.785

0.780

20 40 60 80 100
Epochs

2 2 27019] -&Y3(hidden layer)
-+ 2 15, 20719] ®=E(node) 2 B4
stoict 2&9] 45 A8l ollEZA(epoch)E 105 10

2 £ 100744 Hgsl= AEE okl 1 A

Iv. 8= vl g A% F8= 37}

7| A HEe] Ao S Hlweh il 3 29 &
o) AxE Hy 372 E o] MSESF MAE flo] 0469737}
049822 MSE®Q} MAE7} = HA& ro Ay Iy AE
LHeE oF 0.14% B $AJo|al 134 ZE]
MSEQH= 0.3172 AJol &, Rel -3 sfAfo] H4gh Q1
SAEYE ANk A Hok A ZE HE IS AN
Sho o] B BRH0IT YBHER %2 AR Uehy
o} AEZE W 3]719] R gE2 0610602 thaAlg 3]
7, BA), 2po] vjs)] WATE0.01~0,02 2o]o]BLE A
7R A BEE S wf glo] BFE 124 & =
LS e S7Iwelo] E4usE 71 T 55
L waz pesg,

R W S TV ol
E g siglede] AaE vho R W FRES A
W AL 17 129} P, WA FREE &
(permutation importance) 7|HES E3f &3 E
© S 240 S8 S w4 7P dF ol &
W4 gfofsls Whot), BEo] £ W4E AMES
A gk o Aol duht AstE=A]of we) e
FOLEE AT &9 FRERE B Y44 By
7} A4& road, sidewalk, building, tree, sky 2] $=4]
2 ogke uke Ao g JHort E3| road®} sidewalk?]
M F w7} 247 0,.64373 0.40742 T2 At
955 2 e el 4 ook

A2E HE 3ol Ao gt 3]7Al2
FE S AA7E A Bl plX= 9
gholst 4= QIE I 13). %] FAAGE Rol= 4
2= B (sidewalk), 7}25(streetlight), Z(road), %t
T(grass), UH(tee) 5ol o] A|1dgo] A Zho] =
=5 Byl A4 Bl 2 HeE veks
£ gk HhH 228)7 )8 (ashcan), Amountain), EZ(truds),

Heltval) B 0] WO R dTE e o 4 9)

flo ok

=

B 2. 97§ ZEo| MSE, MAE, R® Zu}

MLR Ridge LASSO Elastic XGB RF SVR ANN DT

MSE 0.6580 0.6580 0.6637 0.6657 0.6768 0.5285 0.4697 0.7869 0.6889
MAE 0.5916 0.5916 0.5939 0.5947 0.5958 0.5320 0.4982 0.6120
R 0.6303 0.6303 0.6271 0.3891 0.3798 0.5492 0.6106 0.6129
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H=
Support Vector Regression Feature Importances Top 10
road
sidewalk
building
tree
sky
wall
grass
plant
car
earth
0.0 0.1 0.2 0.3 0.4 0.5 0.6
score
O3 12, MZE HIE 3|72 He ZQ Jejm
SVR Feature Coefficient
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mountain
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road
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4% ety WUt s TR, 1966247 Al
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