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ABSTRACT

This study examines the impact of landscape elements comprising pedestrian walkways on the mental health of urban

residents, mediated by their use of street environments. The study focuses on Seoul, South Korea, in 2018 and

employs a zero—inflated poisson model for analysis. Self-reported depression scores were set as the dependent variable,
TE AT S7iH0| oIS RiSEIOH while landscape elements of pedestrian walkways, pedestrian counts, and individual characteristics were set as

SIS IETHEAIY 0] GlpES independent variables, Landscape elements were classified into macro and micro elements based on their scale.
Edf  2ES=REELICHRS-2022-KE Previous studies primarily analyzed macro landscape elements due to the technical limitations of convolutional neural
002152). networks (CNN), leading to the relative underestimation of the influence of micro—scale landscape elements. To

0] ke BRRYIEYEENS) address this, the present study utilized grounding discriminator interpolation (Grounding DINO) and the segment
o| ARCE SIRAHTATO| 2SS
Hiop 3E HFRI(INRF-2022R1A
2C209 3163).

anything model (SAM), two types of vision transformer models, to construct landscape variables. Additionally,
interaction variables between landscape elements and pedestrian count were included to examine the effects based on

the degree of exposure to landscape elements. The analysis results indicate that both macro and micro landscape
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elements have a significant impact on pedestrians’ mental health. Green spaces, buildings, and openness were found to
alleviate depressive symptoms, whereas transportation facilities, litter, utility poles, and the complexity of landscape
colors were found to exacerbate depressive symptoms. Fxcept for openness, all variables showed an intensified effect
on depression as pedestrian exposure to landscape elements increased. This study established a foundation for
analyzing the impact of micro—scale streetscape elements, which have been underappreciated in urban pedestrian
walkway design, by efficiently extracting these elements using a novel image segmentation model that has not been
widely utilized in the field of streetscape analysis. Furthermore, the study empirically confirmed the significant impact

of the interaction between residents' pedestrian utilization rates and streetscape elements on depression.

Keywords: Pedestrian Roads, Urban Design, Mental Health, Vision Transformer, Zero-Inflated Poisson
Regression Analysis
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Y, ZaXX-
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Y, = A1) AT 4k W
k mm( Yj max Yj ( D T
240 1014 7} ofulA] jof tie T WA 55 R2 §E w, A ofulo] the 2 WA 5 % R 4

gkt Hagke Agsto] Ad-Ha AFHE Akl 71 olulx] ol TRt 1EA] o2 AASIALE o) 7t o]
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T AT 94 Z SRSl AR Bl 7t ojujx] U o] tlpge ZAske Amolt) Ao thefsta
T HEEo] Y242 APe EFsit 7RI Zhou et al, 2015). A} ZREE H4sish] 93] dE
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Wik, oln] AT WS Ao] ATART} o HEBAN BAVL BUT 4 9l08E, ofF T IFOE Lol
7] B SR, T B o AT F S48 18 U8, of54T ug, AR ve, A B
WS, Bd 20 AT F NS 2] v Basiglon] 1 o s B B B4 we
L U Agekint T B BE DEAg WS ARl e Whol VIE A4TE 108 U o AoR
Vet olu} WEHG W] A9 VIF AR} 102 W H97} Slolort o SAHOR feolt 05 ¢

n|&kx] 9F=tKKalnins and Praitis Hill, 2023).

; + (1 — ni)eiﬂ’ (inO)
AY=y) = Xe "
(1 - ”i) Zyy (yz>0)
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T

In(x;)= By + Z Bjx;

;€ X

T

11’1(/11-): Yo T Z 7% (4 3) A+ 2y
rE€ X

) 3014 SR 9] SLHPE y;et Sy} 02 BES xekn Ack g7k 0 okl ASel Foks
RIS B I B9t 7,k y ABE Ot Xk 7 muelq S9% o] o SHEse] WEe
o], 2, 7 SE ol e A SYRSE Uehich o} BY 12 A, 1 U, ol5aT v,
A vl AU Mg BT B ol HE BML 9 B A5 92, A9, £ A, BE, A
F AP, ol WA, A Bt SAE, 4% vt BAAGe] oA, o4t vgT B
Ao] WoAG, g Hga BAAGe] WA, AT AW Bwet Bate] HEAE WAE i)
Gk 29 26 RS, Aep] Blg BUAS, Uol, JE BML 9 B A5, 92, 1Y, £9)

7% AR, oftE WA, S RS WEAg, sel) vieT B SR WS Tged,
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Ak e Aoz Uehdth $HA A% A4 194, AL 1094010, B AL 51T $PAHEe]
¥y Bol Afsie RS SR A 2o Ukt

SARE 7 e, 91T 202 W ehgon], 597 Be B4 A%l ] Lei 5ol
ik B F79 U7 202 A Uebton, ol &S 10| H24E ohso] vige] F7IH] TR
o AoR FREE 712 AT MG PIF, Wk, FuF 202 W Uhehton], BASE T A
7, 4o 02 ) Uebdth 59 2t 78 A Ape] BAe glon] 49t At Be e, o
49 50| HBEE & §FUATE ol A0R Fyur
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o ylo] Folk El(ZIp)o] "T)—,S_ A5 $18l $5H] AA(likelihood ratio test, LR)S AAIgH 23} e
13 2d 2 2E JHE J1AE 4+ 322 ERIGIKICHEE 1 Log likelhood = -37915, LR
Chi-square=3,936.8, p<2.26—16, 14 2 Log likelihood = —37,887, LR Chi-square=3,965.1, p<2.2e-16). £A
A= 2 2 9 X 39 7|&s9ct

Bl mE Aoz glov, AXNA 9 nAA A g BE AP B 98] fomfet gk wiAle A
oF veith B 1o B2 JISAP A8E =AE 18 HIE olsat HiE, AR vl Ao A
i EHEE RASIOH, ofF mAKE, ZIE HEgol AFHe] APt B 9872 Sl AoE Usith &
BE 71A A8H mA80] 199 $7FE i 22541t 08 229 X(og odds)7h 277198 =4 Vefilth
(B=2.771, p=0.000). o= =27} Wo] Holi= 7I2AALE 9 7FHlo] 983 715740l Wolls ojns}
o, =22 QI 2/de A Begggo] AFRIe] HilA ePgnr AERA dBle] BRE Frhe APAT 754

U2[ettH(James et al., 2015). 7FE Bdoi= E2E 71527 A8 mAREo] 9-& Mg FAHCRE
Ot ke AR G AR Ueitong =Aled ofu] 7% k= AFHY Ooﬂoﬂh IFE ‘:’]i
2] FeE Y 4 Sirk hE, 7Eo] U Bk FHo| A ) 989 71eT S-24to] B WA UElk
THB=3.199, p=0.000; y=-0480, p=0.000). E2E 7}ZA7} HEE AR vlgo] Itkg] Z7Fat uﬂ o9 =i}
0¥ 2102= 3199 27151991, 21k 92 M4k 0480 7Aaskit g 2= okt g0 AZo] |
PEo A5, o7 ols] Zet A4 o] 08 g5} au} Ueht Aog HolthRosel 7leA,
2023; 4okt 5, 2016). BRF ofd Avie tpEAOR Aol HET 7R H9PE wHEL HeAte] oAk
& 16k vl A HeVdeie olBoldrts AT Aol BTk} o]47], 2021; Renalds et

al, 2010).

YA A # F olsat g, AR vlE, el AV BT AFRIY At B 9872 o5z
+ Z0= Ueith 7RRE B ool E2E JlFA7F A8 ofst HieS 199] 7K o) 25K ¢
L3571 0.306 A5318=d1(7=0.306, 7=0.000), ok= A 59| olFstio] Hw g Filo] W 45
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tH =-0.367, =0014). EEZ
03673 Z2slglied, i A

o] ERME oplstol AFH é Aol 52 e nd & e EJE}(Remlglo et al, 2019) 7}$E E‘*‘Oﬂ

Az Eauoh sy vlg B4 Aolel ol AL s slol, Jhe] Selok o] Rge ofn]
S5 L7 AT 92 ‘Oﬂ% B S 22 9 5 30

[¢]

Aol B4t BYxR| B¢, 7T 1 W A 7R et Il B 9E viFh Bud
A BRI 199 S o) & H40t 09 BI020} 2424958 WA vEhtor, 2aslE $eHavt
0.549 &7 BsIQIrk p=-2.424, p=0.000; y=0549, p=0.000). o}= Bt Ao] A2 mzE Fusle] A
Ao BAA]l 9 miAle AoR 74T 4 ol

2 20 MR B2 JAT 289 2e] 0ige 2o, ofF RSl AFRe 22 5
Al gelel] JFE miAE A0R Yehdtt MEER ZFTe] 923 THsAE 24 il BE fofujdt 9%
2 viFe, FAECR Bl 199 1 v & H47E 04 2oz 0.839 AsRor] =8k &
A4 0.215 A4sI9EH #=0.839, p=0.000; y=-0215, p=0.000). of= B} sls0] Wo] Hol= $7olA
Hojd OfETRES LA, AAPHoR ofgthe Bl ¢-& ool IS vl A keE ANRIEHEA
5, 2023).

T, 7AFRo] Bz FHlof] 9l 2P| A RE2E9es 9298 L2 THsAdT 9-&4d0] BF 376t
= a UERITH 8=-0.217, p=0.001: ¥=0.009, p=0.007). HFE=e] EAfoh= 27l Hajakz slotd &

b AgE LA & ohuRt AR G ool ofef S1Ritt R9PIE 2dstel FH AFRIe) 4ol of
sk 4 %J/KWu et al., 2014).

WA AR, B ATl B o85S Tefele] AH w7t 920l nials 9%E A5k Al
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=R iz o FIRE Y
=& e 8 SE plzl T SE plzl
A -2.679 0.317 . 1.498 0.997 wex
=AE 277 0315 -0.143 0.101
A E
" Az Hig 3.199 0310 -0.480 0.103
OlS4Lt Hig 0.194 0.185 0.306 0.064
oA Z2t WEL Hig -0.367 0.141 ** 0.008 0.047
tHa AAL BRI -2.424 0.199 0.546 0.007
3 g RS 0.504 0.006 -0.156 0.002
=N « B 1.143 0.130 0.001 0.004
asug S HIE « B3 4761 0.316 . -0.712 0.117 wox
s OlS4Eh HIg » H3Rk: | -1.858 0.360 1.056 0.130
e HIg » B3R 0.507 0.269 0414 0.009
MAMEIT « HEiR -2.353 0.210 0.261 0.007
Lol 1.652e-3 | 1.534e-3 -2.864e-3 | 5.165e-4 e
CERGREE)
2: o4 -0.339 0.004 0.007 0.001
BMI 5.803e-3 | 5.010e-3 1.743e-3 | 1.557e-3
o Ha A5 3.585e-4 | 6.993e-5 -2.937e-4 | 2.046e-5
&= (1: Fa/M)
2 Z55H 0.148 0.116 -0.110 0.003
3 & 0.286 0.119 * -0.17 0.003
4 158k 0.489 0.114 -0.198 0.003
5: Cfst 0.491 0.118 -0.303 0.003
s 2 7S
2 23 0.110 0.004 » 0.223 0.001
201 047 (1: 712)
202 -0.008 0.005 0.200 0.002
3: |/ /AE -0.209 0.005 0.239 0.002
27| HH e 0.105 7.917e-3 o -0.005 | 2.324e-3 o
73 A (10 =M
2 524 -0.006 0.009 0.001 0.003
3 MEE 1.013 0.110 0.009 0.004 *
4 M 0.006 0.009 0.111 0.003 »
5 S -1.375 0.149 . -0.006 0.005
OfIiE ™ -0.649 0.004 0.006 0.002
*0%0.05, *(0.01, **x0.001
B3 2E22M Ay
=g Y IIRE Y
s | ey 8 SE plzl r SE
A -1.69%4 0.234 1.774 0.007
AR Z
" Y/ El= 0.839 0.103 -0.215 0.004
O Z2
ia #H7| HIg -0.217 0.008 » 0.009 0.003
—T
3l e RS 0.325 0.003 0.002 0.007
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USAE JHE » HaliRge -1.306 0.193 *k -0.164 0.007 *
tH ME7| Hig * HHR -1.156 0.119 *k 0.127 0.004 **
Lio| 1.743e-3 | 1.512e-3 -2.918e-3 | 5.156e-4 *k
HE (11 )
2: o4 -0.333 0.003 *x 0.007 0.001 *rx
BMI 5.231e-3 | 4.943e-3 1.517e-3 | 1.557e-3
2 B A5 3.755e-4 | 6.913e-5 *xx -2.955e-4 | 2.045e-5 *ak
32 (1: SBY/M)
2 %55 0.190 0.115 -0.111 0.003 ok
3 3at 0.308 0.117 ** -0.172 0.003 *k
4: 155t 0.503 0.113 *k -0.201 0.003 *xx
5: CHst 0.513 0.116 *k -0.309 0.003 *rk
S5 24 (1: 72
2. 24 0.128 0.004 *x 0.220 0.001 *xx
2o (1: 7I=
202 -0.009 0.005 0.207 0.002 *ak
3 Ol=/HA/ME -0.211 0.005 *k 0.245 0.001 *x
27| A U 0.110 7.808e-3 *xx -0.005 2.322e-3 *xx
73 A (10 2AA)
2 353 0.132 0.008 0.002 0.003
3 MNEH 0.851 0.008 *xx 0.192 0.003 *ak
40 M 0.113 0.08 0.004 0.003
5 43 -0.257 0.113 * 0.002 0.004
OHIIE ™ -0.305 0.003 *x -0.004 0.001 i

*X0.05, “p0.01, *0.001

WoAE WS olgsilen, F Relo] Soit B u&* = 7N el et g niEd B
10 ofs}, 013301 2 HYrrold =Aled} 712 Hlaol %:—345 e et Bt Felrle Aos v
BRIt o 7] ROl vehd HA8T Bese] WERg e A BYwae] BEAL 3 3 go@
o) 8 AFRY S8} 09 2ot BAE Akl 1143 od M ZRS eleleich(p=1
£=0000). o= =212 oA ARRE HISE AFNY 98 9} A} ﬂa}om AT Aot o Mu% %
WP e wmRol] S48 e 20l B T 98 Ut ANE U 5 UL IR 5 2000,
T vlEt B Woks We ERE 199 SIS o ¢2He }O%1 RI0Z:= 4761 ***o}fﬁ EJ-QJr
H & e 071258 HAZTHp=4.761, p=0.000; y=-0.712, p=0.000). ol= Hap7} B Ao 7
Hlgo] Eobdas 7FRIe] 9ol B 7 defsr 9254 dad g oE E H 27 ”’“L% H
ofh
S 2 204 & Qistel JeS ol o vehdd S| A%, Bl BeAg Wt 5
718 o) 983t FIsAe ZIISIARE 287k TASHE Ak ATlE BT f=-1.306, p=0.014; y=-0.164,
OO0 O 80l 52 URERS] AIYEO] 345 AT S8 A T AL, $ET U5
© 933 oFde ok MPATOIME Aol Aol ebIRe ATs) $87 dslol] A G2 )
Ack gk v, Theg e EAl) SRS W okisk] g Q42 & 4 it AR A2
AcKDai et al, 2020). olu] AgAR A TUE EAYS TR 0 Aol $-27S ARtk Fapt
ol Egsicin PR, JEelE Bt maatgeld Ak Fapt veht olgl 32 AEIE B ofn]
A} k2 0] ohd A ERE FZ0R BYElo] A HPAT Lok AYES 26 deeld £ A
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of] 7]¢1gt 4= UTKKi and Lee, 2021).

T B 927 o 7l= 8Q10R Ve olet HIE, AR HlE, 7] vlE, 7] A
e 9SG Hale 7o) woAkg aiks BARH A B ASR] & ofdle] fofgt ks vtk Bd 1
oA olet HlgT}t HegAre] woAke WAt 199] S7KE o) -2 347t 0o] B 21927 1.858%kE
Ao, 25k 9 AL 1.0569HE Z7F1rk £=-1.858, p=0.000; y=1.056, p=0.000). ZEthe} Haz}
50| WHARE W4 Eh 923 S Tl ROt ¥FE nIFom(8=0414, p=0.000), 7] A B}
B0 WoAkE Waes 98 47 00] E 2T02 74 9 BIsE 98 R4 37l FRkS wHtip
=-2.353, p=0.000; 7=0.261, p=0.000). & 20j|x] 27| &7} HaPARe] WTAE WPl 1] Z715t
28 H4It 00l H 21 A7) 1156 A4S 210k 98 A4k 0127 ARSSIATH f=-1.156, p=0.005;
y=0.127, p=0.000). 9| 225 TS o], olert HlE, WE vlg, Zelr| vig, Ao WY et 2
o] 9&& oty LERT 89l Heat 4ot0] Woakg Lo £& ofslo] fojujeh kS uFLh o
25 WoARg o] X HPE Foll, 7IRE Adcke o8l 47t BoldSE ThRo| k] v b 2
Siths A Peis Wd 4= glrk

Ao ANA 9 nAy A g4t BE AFRI] 9-8o foulgt ks niXle AR Ui
ALE, JE, OE HES 9202 delglon, olgs T g, A7 vlg, AR HiE, Ao A BT
= 25 Pl A0 Ushilth T3 BE WO W fonlolA] Ueiktor, /ES Alelkh tiF
O] A 84 BRete] woARe-S Fol ZF Ay Q40 945t T st avkE sl ET B
PA0] WoAREL] A, 9-& A It AREglov 95 SE0 A ke oRlEls AN Z9E B
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T, B0 ojgES Mefel] Fuaart AR -2l wiAle IFS BAR
o] woAg-S 1Eslitt. ofu open-set object detection¥} AZ-AF o|w]z] 23t mElg ggsto] nlAlE A
Q45 AFoR FEAORHN 7IE ONN BHO S S8, Hrh G840l A a4 24 i Aklst
ot @7 S B kR B 24 A A D iE B aas BT ued 2t e ASOre
W, Bt B 84S gol HTE 1 o] Aetde Elsiit

2 A7) Fa diks o Aok B 84 F =AE MUE A8 e AR e2ds YRIsl
=27} ARgshe AR B750] Ao PIE LA ot HgAe] AEeA i JFE miRitke A
T B A Aol Bel HtolthAlcock et al, 2014; Rt 7484, 2016).

T2 AEZE folA okse HIgS ofnfohe /B 24 Ak oheol WA Hols 7RESE B
AnVde PIAA Al 384 G nlPchs AgdTe] Ak SHdEtDai et al, 2021). E3 B
Y FHo| AEo] W 2ol detEls @] UeRdth g B2 ke 9 AT By
G52 o, o= Qe S7RE AIAEEY] €8 F1, A 17 S avhe B 987 Aa ave
olo}d 4 9lthNagata et al, 2020). 3+ TloJgt 240] B Ter} TAS 8 oA weng waaje] Aal
73l 3RAN GFS vlE S ek R} olg), 2021). 531, AE vl 2d 1o xdE AXA FE 2
& F 7V w2 AR g 2Yom AT & it o4 Aae] BE fowRt e miAh &g
ke AeAlet 22 IUE TA] S0 7Kg Boles 329 ATt At BaAe] o] B
3 FHelN el miale Gl AR 4 e HolEt

o, ofErTt HlE, AR HlE, 2] Hlg, el A BT AT 927s AR Bk
TR olggde] Bas a7 ¥A B Ak vt A5 § AR a9ite] HFo] Frlste] Al
A TS mRle 2 gddo] qleele M, ok AgATel: B1E HE YrkDai et al,

A 73 a4 F A5er 2eVle 712l Ankde Azl e frdshe 5 BRI Al
72 2EAAE ARgslel $27& 5712 4 UrHRemigio et al, 2019). BY F4, HelsA] oke wiriol
A, 2a FERTE 27l BA 7RSS Pchs S5t adolth 2 A] At HolFE, o &
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APt B AL 2B STk Alom HeRden, o 7
A M=27h g 4 Atk ARl s SEH AR 5, 2009, & 9 Bke 7 i?%%‘% 7H%‘ Zﬂ%
I AFHE0] dshe B ofnxlold, Tk Aol e] T2 e I 1
(Om&} o], 2023). 53] AFRY| ¢-27ke ofelhe ARdier 22 a4 A AFI} Ade Sl wol
WAL Sl Aol @A ARAle] A TS AR e 378 FHo= AdEglon] 2ot Mt
P 3] ARt 29] AF5he B rkhitps://www.dnews.co.kr). 4 AF8}E Afglo] Al
e AR I & Sl AR vlgo] HasinE, AFIkE0] W2 FE AHeE ARl
= gidle W ARAY 9 Aa BSOS 59 4 2 Aok Jpddh B3 2] 72 FUlE B
she 5 nit AL Aol HAt B Algsle] et delt 4 i,
tzo] & gl 7ie BaEe B0l defstd, AA| 7tz of8ell Rt AFRIe] A S Hot
249}0}71] %@ro} At MES AlRMRt 2ol B 84, AR Bl g d77F Hash &g
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