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Pedestrian route choice using verbalized streetscape data

SNt DRecursive LogitETILIC LD 1h

A Recursive Logit analysis of Toyosu, Tokyo

PP 2018-2021 x michiyomi(VLM) x ZFaxrvhJI—2J

Probe-person data x VLM descriptions X Pedestrian network
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B85 : HIEOMARIZERETIA

Background and objective: representing streetscape conditions

-BEEECHIZ . RiEL - HEVPIEZIRZD

Capture visibility and walkability in addition to distance.

HE{ROEFELLE NS, SRECIRDFER=BAA

Use the vocabulary of image descriptions as streetscape features.

- REBINDEIFZHEEL . FTERERZ IR

Estimate streetscape preferences to inform pedestrian improvements.



D DHN

Analysis workflow

GPSELH _, EBU> 5 _, RL#EE _, DBURIES

GPS trajectories Matched link sequences RL estimation Policy implications
WigOBAKER® |, TF-IDF-PCA | EHRAOEF _, | SmPERE
Japanese descriptions Vocabulary features Landscape preferences Equivalent distance
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Data and study are

=1~6TH 108

Toyosu 1-6 chome; stud

Trips used for
estimation

Streetscape coverage: 487 of 499

RBFEOER (SMHBEA 4 - 2018-2021)

i
Elihi %Tiéi;

74058 v 7

BEENDER (SMNBXR % - 2018-2021)

740581 v 7




EE7—4% : VLMTHEBEEEBIEUEI#5 & #1]

Data: michiyomi, a streetscape dataset described by a vision—-language model

VLM : BEOASZR#U. SETHHEAT BAI

A vision—-language model processes images and language to describe visual content.

BIISES _ | VIMIC&BZSEE | BAEoRd . mEeET-4
Mapillary images Vision-language processing Structured Japanese text Georeferenced data

T — S DFUE - SEEH RExieERe S DFIA

Dataset scope Contents and use in this study

RA23X-#1015>5—> (iIi& - w2 - 5L + ERIRIRDECR

23 Tokyo wards; approximately 1.01 million scenes Location, year and heading + streetscape descriptions

IRRSEE 1 2016-20264F =iM6,539>—>DFERZTF-IDF-PCAN

Capture years: 2016-2026 TF-IDF and PCA using descriptions of 6,539 Toyosu scenes

Hi8 : michiyomiZAB5—4 (2026-08-28-r1) /Mapillary CC BY-SA 4.0 2R\
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Source: michiyomi open data (2026-08-28-r1), based on Mapillary imagery; CC BY-SA 4.0.
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Street types by link and representative vocabulary

B M1 To5E (8BRY MLDk-means, k=6)
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35.640

139.805
FENIMVDk-means (k=6) /I—RI5DR : BEREICH{T<3,9895—>

k-means of term vectors (k=6); word clouds cover 3,989 scenes linked to the pedestrian network.
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T —HE{E | ERUEESERZ T
Data preparation: extratting coherent walking roytes

HXPES 4,485 -, VyFEL 3,771 L REEOK 2,358 _, HEEXS% 803
Within-area walking trips < Successfully matched ks | Passed quality screening Destination-oriented trips

OWN @ & @
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‘HMM : GPSADIEEL. il OB OEASEET

HMM combines GPS-to-link proxjmity and transitioﬁ-c_o_;s,i,_, Y.

bl et el (FEEEEISONTRYE  JSONKSHER | ERIOHEZRY  RE¥EE 40 © m BEF 26 -

24 BREEN |+

Restrict to shortest-path distance 3300
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803 trips and 9,476 transitions. Applicabi [ J to strolling requires further study:




s - SR, BiEE0ENWZ%Y

Feature engineering: emphasizing differences between streets

BA:E | EoE _, TF-IDF-iE#{t  _ PCA
Japanese descriptions Filter common / rare terms TF-IDF and scaling Principal components

a3hsts3aY ESALE

road_structure,

A BITZEBIDOAZIR - SH%E geometry, pavement, 19.2%
- WU > VF 5% K - 85%iB DEEZ R markings_wear
B &47 ERY 2 35 ibility, ili 11.7%
Exclude terms appearing on <5% or >85% of links. S accessibility, mobility °
townscape,
s zone_cues,
X _ o= C )01 - SER U road_context. 37.8%
-487U>% x 25058%. =#1D 3 k5> Bl (CIEHE objects_permanent
Compress a 487-link x 250-term matrix into streetscape axes. S infrastructure,
P P D 5%ffm - e EIR infrastructure_issues =
risk_cues,
EURD AL omcs close nepect 19.5%
R IRN . 6D THERIEFT5HE27.1%THY. [FRDO—5EPzHH on
Capture metadata excluded. Six PCs explain 27.1% of variance, retaining only part of the mformatlaniﬁibb\#%ﬂ IS — [//}qu;
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FHDOEK : IERZTYCHED

Interpreting principal components: read both ends of each axis

PCl 7.8% HiEHESE (+) PN SHAZER- K3 (-)
Variance explained Sidewalk beside traffic (+) Pedestrian space / waterfront (—)
Variance explained Infrastructure / risk cues (+) Undergrounded utilities / openness (—)

PC3 B&T- 8¢ (+) =i () okt

PC3 contrasts elevated / arterial roads (+) with residential streets (-).

ERDIFREOSHEH . FEDOVIENEFEZEERIIBECEBN

RN
PCs combine vocabulary; they do not directly measure a specific physical intervention. [ AN
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BEED1h : RRRIRERCEARIZHZTED

Descriptive analysis: observed and shortest routes differ

20194F : 321 MJyY" F[EIFEPR{EL.09

2019: 321 trips; median detour ratio = 1.09

EN I -

PC1 (+EEEHE
3558)

PC2 (+5%fm-VRY
souh)

PC3 (+=ZETF -7
)

B SMTHECE
E JAJ5CikE

VY ORTEMIIUET, B#IF OB (XIERE R EZZ T ET I TR

+0.358

+0.836

-1.614

+0.126
+0.181

+0.756

+1.249

-1.418

+0.051
+0.225

Length-weighted averages. Preference inference also requires controlling for distance and other factors.

-0.398

-0.413

-0.195

+0.075
-0.043

-4.9

-4.0

—4.4

+3.8
-2.1
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Recursive Logit : EDRIE., €D55% 5

Recursive Logit: evaluating the next link and what follows

IREDER k . RDIELE a . TDEDIEREE N Bl d
Current link Next link Downstream links Destination

Q%(alk) = v(alk) + V%(a)

WaFE = BORIOXA + 1SROHARFHIE

Total evaluation = immediate utility + expected downstream value

RERL : ORMEDFSIRL, SREREP=1

Standard RL: future-value discount factor = 1; error scale p = 1. [/

s b, \//‘;"
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SR LHETE : RIRDERZRIPI DRI ZERT

Utility and estimation: fitting observed link choices

v(all) = BLLg + ) BiPCia+ BE - 2Eq + Bzl + Brzl + Bub,
J

ibaE (100m) -=#PC1~3-5iREE/F-U5—>

Length (100 m), PC1-3, risk / positive-description intensity, and U-turns

FEERES | (ER SRR | EBEREHE L RERNE
Initialize coefficients Solve (I-M)z=b P(alk) = Mka z(a) / z(k) Maximize log-likelihood

ZRMELGRE /£ RERZQRHMEAYEITSI

N
Nelder—Mead with 16 starts per model. Standard errors use the numerical Hessian. [/
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HETEFLER : PC1-PC2IIHHEE-T—)LEBICE

Estimation: negative PC1 and PC2 coefficients in both samples

=z 20194F : {R% / tiE
Variable 2019 estimate / t-statistic

2EEE (100m)

Length (100 m)

—3.044 / -36.9

PC1 : EAZEME - KB DRLE

PC1: pedestrian / waterfront axis

—-0.176 / —9.67

PC2 : =R OXILL

PC2: open-space axis

—-0.097 / -5.39

803 : RBUEMODLRIRE p<0.001. YRIEHRED t=1.21

Pooled N=803: LR test for landscape variables p<0.001. Risk-description intensity: t=1.21.

2018-214F : f&¥} / tfE

Pooled estimate / t-statistic

—-2.768 / —62.4

—0.167 / —15.65

—0.145 / —14.66
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RXEHFR : RRZERRIOFRERICETE - ISHZ=

Interactions: differences in the open-space coefficient

JO7H : -0.112 + (-0.060) = —-0.172

COVID period: baseline + interaction = —0.172
FREOMEXMEF1.56F ZHEMH t=-3.02

Coefficient magnitude: about 1.5x%; interaction t = —3.02

\ - — FEERERE
FE6ERE : —0.088h'5%9—-0.228A R
Living with children: approximately —0.088 to —0.228 PC1 —-0.241
FREOMSHERK2.6/% ZEFMt=-3.37 '~ ° ~0.088
Coefficient magnitude: about 2.6x%; interaction t = —3.37 E UAJ5C ~0.068

U=

ERQIEROMBRTRRWV. AERHZBEDORITEZRKRULE V), 1E5IZ= KRR

Ratios describe coefficients, not probabilities. Co-residence does not imply accompaniment; no gender difference detected.

RE/EH

+0.109
-0.139

+0.095

P G

[E&HD)
+2.57 -0.132
-3.37 -0.228

+2.12 +0.027



MNLEDLEE: : (xR DIEDTT D ERE

Comparison with MNL: sensitivity to route-set construction

-BARERIRDHAMNL : 1054, IEEERE +0.064 (FERF)

Observed-route MNL: N=105; length coefficient +0.064 (not significant).

-ERNAEIEMNL : 3214+, EEE#RE +0.741,/+0.505

Generated-route MNL: N=321; length coefficients +0.741 / +0.505.

‘RL : 321 MNUYD’, BEE#{REN —3.044

RL: 321 trips; length coefficient —3.044.

IR - BAELEDRR D20 EELLEILE (5. [RE DD 13 3SR OREE

Avoid directly comparing p2 across different choice sets and null likelihoods; causes require further testing.
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SRt : REDIBZXA—MUICERE

Equivalent distance: expressing streetscape utility in meters

AL Bpcl

- 100[m]

eq B
B
PC2E1IRMERELE _, | %A +0.145 .
Improve PC2 by 1 SD Utility gain: +0.145

18U TZilZE : PC1 #1108m / PC2 #194m

If all 18 links improve: PC1 =108 m / PC2 =94 m

—EDY >IN E - R AEIEDIRE ., R DT EIELVIRIHEMDRTEEBN

Conditional on fixed link segmentation and other attributes; not observed detours or causal intervention effects.

#5.2mOD3EHEE

Equivalent to ~5.2 m shorter

14\



AR airoRn

Analysis workflow

GPS# | EBY YU . VML | #EBoBFED®
GPS trajectories Matched link sequences Japanese descriptions
Yy cioikzE _, TF-IDF - PCA . YVVICPCAfEZ _, Multinomial
il Vocabulary features HIF (7 LOglt Model
- #1602
ponnecting links and fgnnectin)g links and PCA
1 Values

PCATRITIEHE U 2R DEEFRICD LY
<
5T
PCl: Y PO —U DEH S o HHER
PC2: HITZERMDILE &Y CGHEDP =Y K
PC3: EIRtEE - Fk4A > 7 S DEMR

On Interpretation of Results Obtained Through PCA Dimension Reduction

PCA: HEER 7 —)L (BEEIEDL S - BFiFER
) %)
PC5: REEEEMN DA A4 M EZEM

15



HERR (MNL)

INTA—% (GREAZED %% (Coef.) 2l plE AHEK%E
;Uféﬁ)(xﬁ F Ay RU= T © B -0.0215 -1.54 0.1236

PC2 (HITEMDILESEPEY) 0.1209 26575 <0.001 ***

PC3 GEIREE - 5% A > 7 S4F1H) -0.0426 : i83 0.0108**

PC4 (EERS—)L - BEEERIMEER) 0.1098 0'328 < 0.001 ***

PC5 (REEEfE - 24 LBE) VD) 0.0073 ' 0.7428

o TILE 602

MELE -573.476

IR E -518.638




BURIES L SR D RS

Policy implications and next steps

- FEEIRORBEUIHEER, KiZ - FERZEBADIEGRZ IR

Consider visibility improvements on key corridors and better waterfront connections.

HITEBIEREZNZ DD, EEFILSNIRBLORVWHANRZERZZEFU.
ZOHEREIOFHESICFELRBHFTTHI D I EHRI N

The results showed that pedestrians preferred open, clear spaces without utility poles while keeping walking distances short,
a tendency that intensified during the COVID-19 pandemic and among households with children.

- REsB : IRIOFER - B APRRIE / IRRZE DAREE - HiEsk T A

Next: field checks, person-level dependence, image-year alignment, and policy simulation.
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