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Activity-Based Model for Visualizing Facility Catchments Based on Pedestrian Behavior

-Case study: Toyosu district of Tokyo —

WOFHT - PNE FT - S EORRR
Shuma Hori", Hideki Yaginuma™, Shintaro Terabe™

As cities worldwide prioritize walking and public transport, a unified framework for estimating facility catchment areas
is essential for retail potential assessment and equitable public facility allocation. This study proposes an activity-based
model that reconstructs daily trip chains from empirical data, integrating distance, spatial constraints, facility attributes,

and competition effects. Probabilistic contour maps are generated and validated against Voronoi diagrams for

commercial facilities and school districts for education. Results show the framework’s ability to reproduce catchment

areas across different facility types, enabling evaluation of existing facilities and prediction of changes from new

developments or urban restructuring, thus supporting pedestrian-oriented urban planning and facility location strategies.

Keywords: Activity Model, Pedestrian, Facility Area, Commercial Area, Choice Probability Map
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Shopping destination choice model considering individual’s implicit choice-set heterogeneity

An empirical analysis for Japanese regional cities

B « R « BT
Tomoya Miyagawa*, Ryoji Ishii* and Hideki Yaginuma**

In this study, we focus on the concept of choice-set heterogeneity and formulate a shopping destination choice model
that is both reproducible and practical enough to be applied in practice. Specifically, we developed an IAP-MNL model
by utilizing the concept of Implicit Availability/Perception (IAP), which can relatively easily consider the heterogeneity
of choice sets. Parameter estimation using data from local cities in Japan confirmed that the IAP-MNL had a goodness
of fit like that of the model estimated by MNL. In addition, the results of the verification of generalization performance
showed different results between the indices, and it was concluded that IAP-MNL was superior overall.

Keywords: destination choice, choice set, generalization performance, behavior model
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Sl iﬁéﬁfﬁr&m&uﬁf B0, BERMEORHE & BN,
BN X 912, AFFFEHZRWTIE, EEOHTE A~
Ao % é IR A SFHIC RV TN A T8, Fb
FIRRAEC & DI ERE DRI EA TR ThHDH L F 25
725 9. AWFECITER D80T « M~ DI M2 RS
D128, WISFHIT—X 208 L, FNENTHR—/VRT
7 MEEEELT o7z,

Q)FHEEAE

TTVOPUEHRE Y, TENE 2 DR % -

TR MFET .

a) LE (p?)
INT A — A HEE P & BRI p 2 1T, B HEE
BEp & LTUTOXTRIND.
_,_InL(B)
f=1- InL(0) @)

LO)IFHIHIEE & MR, /3T A—H 22 COIC[EE Lz
REOAEZFRT. L(B)IIEMLETHS. p2lc kY, HE
L7c/RT A= Lo TRENREDL BUVALE LIEE R
T ENTES.

Z ORI, BE L FEADERE L CWATDET LD
TN T DA TE @pﬂﬂiﬁaﬁ LWLk, T
W EOBEMII TSR 720028, THIERBICE X 2 E <
BR, RHDT —Z KT DINBIRREDOFRE L LTI
TV, ABFZECI T, BRI IHEERFOmE A LD
FHECOAERTHZ & L LY, JLHRERHMEOFEEE S L
THEALRNZ E T 5.

b) B (IEMFE; accuracy)

BT VORI (BE 08 CILEER & HIHENS)
LL, FOLOD@EY YL TIND D) HET VO TRIN AR
DOFFPIRI TR THIH) LeBE 2R HAnOFED
HEgzd,, 7 AN L= BfiZdE L35 L, 1t
I PO TRIND.

n

AOFRSRI BRI T 0 oV S,  THOHRSRECR
b ERT A—=FHEERAAT/2 > T D TEER K L] @
FUENRI2 D120, BT /VORESEDOEE L LI
DFRENTND. T, ZOEFEND By HiE D) T
MREICERS T DRIE Ch D728, THIMREICEEZ 2E <Y
BOFREER, RHT — Xk DA T A BROFHmFEE
ELTHEL TV EB 2 DNLD. AN T, I
{EMEHBOFRIED—> & LTHWS Z & 215,
¢ YA REZ (root mean squared error; RMSE)

BT NVOLEZRMERERHN IS, SR TR0 T
70 AR TIIMERBI R IR LB T 5. R,
FBBWUIEIE2ETNOT U b7y MR
DEFEOTHITH S Z %<, AR BRGHy —

8)

Accuracy =
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FEOEFREO TR A FREOFHI G 2 & A2 E3AB )
TW5. 2D L9 7RI 5 THIMARE A R T HEIEDS,
TP TRAZARMSE) & TR REZAMAE) Thh .
RMSE I3, SRR A K, SRk OBIINEDERHEA 0y,
THIEOEGEZP, &5 L, ROXTREND.

’1
RMSE = EZ(O,( —P,)?
k

d) FERHERFEZE (mean absolute error; MAE)

MAEIZ, RMSE & (7] U < BERIBEA K, 13RIk ORI
DEEIRZ0,, TIEOEEEZP, LT 5L, BITOAT
RKIns.

)

1
MAE=EZIO,(—PR| (10)
k

MAE%, RMSE & [FIH-Z T HIE & SRS HY7mRE
ZFRIFRECTH D H TR U TH HAH, RMSENZED 3
FNOFITHE TEH L TN D DI L, MAE Tl B ek
%Eyoﬂ D, ZOEWNZ LY, MAEDRMSEIZKT L
AUBIZ L DA ZAFIZS W EW I RSN H Y, FHllifE
LT M@ﬁﬁfﬁﬁzﬁﬁf I RFN—T7, TR
K& SN Y o TNV Z BT H5EITIFRMSEIZ L D5
flidNE L CWDEHF 2D, AT, RRRORFRIC
Iz, RMSE&MAEDW] 2N EHEOFHIREE & L CHV
HZ LT, ZOL D REMNIRET ViHliZ R A5,

5. 2EHTT2ORREREIC X 2 3FE0T
ARFZETIL, B0 3 RO REER AR R GERR
A[FH PT Jif) 92Xk H1T85ET — 4 2 VTt aT
Ay il
51 fEHT—&OBEE
(1) B7Fn 3 R LERTTHAOERAMERE
EEHTASERERE (A T2E =Y N Y v 7))
[RERY) 2> [RERYI) (BB O 2l
T HRET, BUEHE =Y Y TR L OBl
PT IZHAD &, BEHHTZ0 OV T NHD ST
(@ PT 23330 STV X 9 2 NS
%) &bt) REREMTI7 L TN TRE & 725 TUND USRI
DD, 1987 FOHE—RFHALIRE, ETASWENFERE 7
0, WS AT 1R ARTHIERI I AE L 7o g
R URKGE SRS N s S AU QD ARFZETIE, EEED
BN 3 AFEHA A TR T — 2 & LTER LT
AT THRIZ & T DB LTI, A0 3 AFEERAE D
KIGHITTCTd 2 70 HBrfi7> 5 BT« FAH - FR o = KA
TN YT DERT A BR -3 41 B L L7z, B4Ar07
KRG 2R R T, BPIORSN QO D SR d
—j 1%, HOGHHX - MG HEE 72 82O T OBIRIERS,
HU B VER IR TN & W T BT 2 e LT 5.
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-1 MTRIGERT
AT G

K —— LT | LB, (UAT, R, AT, T

JESIETT | AN, T, MG, S, AT, AR
P iR A L | ERET, R, WET, Kl Ak, BT
[ | CTRLA 40 TALAL) | mamiss | ooeiits, Aels, S, #th, BEW, EED
h MR LT | LA, BRI, BRLLT, AT, AN, WA
P | CROLET A0 T AKE | muan | s, W, ded, ok, AT, W
1 mf:;;f;f:' ~ | min, e, b, BRI, ST, AST

FAT T P a—c (T =EB B DL - BRI TANGE Y
5. ZNENOETLS BITN — AT LS T
D, ZENIZNENDEET HE TN O—D2D ) — %
BIRTAL0ET5. V' — HO BRI TR HE LT T
788, I bIRNEMITT27 Lo TN,
(2) K 26 FREERSZE AT

ARFZETIEEN W B HBSER TEh 241 © 72, TRk
7-2E PT AN, YK 26 AEFEDPEHERTEH O ia ¥
FRSONIRIEY N ZBE 5 & 0 3R T — 2 Ao L
W0, BARIOIZIE, 500m A v Yo T ) I
Hal, SIS SRRV IVEIEOmEE R L Q0D KR
BUNBIEICRI LTI, Y — MmN a vtk
VA= b S — - HEE - B - A AN
BELA—/3—) OHfE [m2)EH M L7z bOE -
52 HEL-ETNV
()MNL

F9, AR TIIAR—RET /L& U THMIZAMNL Z %4
L, #EE %1172 -7 (LLF, Model 1 £9°%). Model 1 Tl

[OD>"— i | [km]© <o FALOASETEAEIRTT /L)
DLV @7 72 vV T ) &R T

(AT T 7 4 073 E ORI 255 % E B LT
DIFh, PRI A U ORI, RO RIA
BUNGEEDmEE [m2] (Refif v a vyt s—,
bt rg—, L HEE RBE - BRA—3)
ZEE LTS, 728, Model 1134 I —2350C & A1EE1 L
DIENT LV 1-1~ 13D = SOREEIT DU TN 5. Model
-1 1%, RO TOELEE TR~ 2 TISGE7T
FFHAL TS, Model 12 (2R L Tl BEMEREAH
B deerg-i-j &ENLSN, T7bBLHUTHZATTIED
HUERTT CHDDENTHAIT LTS, F£7e, BA—2A
o —mfEIEd s e - g i j, HMYEAEICEAL T
¥ifle e g i JUDH#@?% BT ED DI E e>TND
®  Model 1-3 1ZBIL TiE, Model 1-2 OfE&Ekizinz,
— A TR S N D > R K SR LT
%. BARMIITE G, T2 bR TE oL
%‘EFETS%)Zm% ITHEET L, 20 L THERAOSATE b

U ZHEED3kmEL By, dCRVEATEINA N Y v Th

DIEINENIARE — AL LTS, EbI, 3E
T K91, ZEMO AR T 570, FHE
Uxéﬁ@ﬁﬁz& LT/ — Mg S*[km™2]&7%7E L, fthod
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HZE I A B> 72 BT ST
(2)IAP-MNL
AWTETIE, _—AFET/LTHD Model 1 12/ L, IR
A DRENES implicit |Z&[E T % IAP-MNL 7 /L
ZAEEE LTZ (LR, Model 2 £9°%) . Model2 ORIBIZRRI
FEEEASIH L W — T T#éﬁ%ﬁﬁﬁ?ﬁb%a@%%%%&%?
%728, OD V' —[HFEEE B4 2 2SN L Model 1-2 <2
13 L[AkkE L, OD vV —fHEEEE (& Z2orE kil
) DI BB IAB Cpy DEHZ, & LA DR
& L7z, Model 2 (2B TI, SEURRIE O K
{EDENT LD 22 ~2-5 D 5 DITHEBEDIDITND.
Model 2-1 1, Z,, & LT, B0 ios 258 L
TW5. Model2-2, 2-3 T, BRI A A ADHAR
FRMEC Lo T L LD, BARIZIE, Model22 T
I XREHE D MENT, 2-3 CIEXERIHANATREN G CHA Sy
TLTb\é Model2-4, 2-5 Ci, BB A#R TR
IR 0AEE L LT D, BEYREIZIE, Model2-4 Tl #BiT
BV d (MO HARRERTITE - FARERTTT) T EMNT, 2-
5 T THLINENTEHEEDT LTS, Zhb
DIRT AL HEEfEy, DRE SZHES 52 LT, aip
AR - B OB N X 3R O EFED
HENEREIRT 2 2 ENAREE 72D
53 HEBRHE
AEITIL, HFETNVOREREREZTT. Ik, £ET/V
DOHEEIZIE, University of Leeds ¢ Hess & Palma (2 & 0 B
TSN BERORIRE T WEE DT D DR S3E/ N 77— T
&5 Apollo” ® A L7z, HEERATIE, OB r 3
BT, In & & DHETIEETOMICHUINE (1.0 x
1077) ZRE L ThbREE L ->T0D. £, V=R
200 ZEBZ HHEBHICEA L CiE, EAMHT 199 EDOERY
YTV TEAT, FEHEOERL & G T-E 200 UK
B L A U THEE R T2 > TN A.
(HModel 1
Model | ODHEEFER A2 (T, 2 TOET /MIBN
T, 3T A—H OFFATGHENC RS L7 oD, F T2,
tE% 75 L &TD/RT A—E P 90%LL EOfEHEE THE
Lo TG, BT ALEDT —H~DYUIE Y DR
ZFTHAEEIEALERITETOET MIBWT 04 LL
L& HORREDHEEZ R L TEY, FFHI Model 12 &
WL TR EZ R LTS, B 7 bR 5 A—

&K%LT@,E@%?»%lﬁ%@f ZRLTWA, 2
g, BRHEERIR & 20O M2 H AR TESEIIFIZTF]
RAEY TN 72> CVND Z AR LT,
(2)Model 2

Model 2-1, 2-2, 2-3, 24, 2-5 DHEERERAF3 1R, F
T, W OMBAEED /T A—ZBIZBE LT, TXTOET
JUZRWT, FFATimBliN ey L 22> TRY, tiEE RS
LT BS%ULULEDOEHEE CTHEL 2> T0D. &5,
EDOET VG HHEEEF LEIE 04 LIS Model 1 &
HREREE AR LTS, BRI Model 2-5 (2B LTI

L VHEAE LTS,

INTSFHIIE N FAHS TG iy
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2 Model 1 OHEERES

HEINOBFAT  EZ T
ERBATEAL Model 2-1 Madel 2-2 Model 2-3
In(~/— = HiE) - - -
o — - HIEEEE -0.344 (-1.88) -0.0357 (-1.96)
In(/— /F i3] -0.908 (-18.2)  -0.912 (-18.3) -
L E AR b Uy FIERESkmEL - -1.45 (-14.6)
RS2 b Uy TR kmaR -1.14 (-9.70)
In(+/— > IERE) : ELmhdARefghijir 2A4 U v 7 0.902 (-11.0)
In(/— - FERRE) : FihdaRefghijn 24 kU v 7 - - -0.972 (-16.7)
B 0.652 (33.5) 0.642 (32.9) 0.639 (32.8)
vavEr e 2 —mik 0.0597 (19.2)  0.0613(20.2)  0.0624 (20.5)
h—Lt 5 —EHR 0.0164 (5.10)  0.0237 (6.68)  0.0245 (6.83)
HPUSEHE 0.00790 (2.40)  0.0252(5.45)  0.0243 (5.26)
BHETHE 0.0380 (6.49) - -
HIEEH  #RmsEE degi] - 0.0543(6.87)  0.0636(7.72)
RIEEH : @HHE - 0.0270(3.24)  0.0266 (3.20)
BER - —EH 0.0421 (13.6) 0.0419(13.6) 0.0427 (13.8)
R — 0.0479 (17.8)  0.0496 (18.5)  0.0494 (18.3)
REFEOTY L 1.03 (14.5) 1.02 (14.2) 0,985 (14.4)
o g n=2484 n=2484 n=2484
LEL (BHEEE) 0.412 0.414 0.415

3 Model2 OHEEFER

HENOBFAT L EE 2T
RAEH Model 2.1 Model 2.2 Model -3 Model 2.4 Model 2-5
In(/— > &) -
In(>/— > FgERE) 1.57 (26.2) -
In(/— > RI8E8E) : 65ALK - 169(24.2)
BIREE In(/— > RIEHE) @ 6555 - 149(21.9) -
HEE  In(/— >~ FEBERK) : EAAT - 158(25.9)
7 In(/—~RIER)  EARTRA - 167(143) -
A=4In(/— R : HBHERd - 207(20.1)
Yy o In(/—RIBER) : SHREIMN - 156(25.9) -
In(/— > RAEERE) © AROERT - 1.96(25.9)
In(/— > RAEERE) © R OETHUS - - - 146(228)
EEES 0.649 (39.5) 0.647(39.3) 0.649 (39.3) 0.648(39.3) 0.653 (22.8)
vavEy sty 4—Eik 00612 (22.9) 0.0614 (22.9) 0.0612 (22.9) 0.0620 (23.1) 0.0620 (23.1)
=Lty & —EH 0.0227 (7.27) 0.0224 (7.24) 0.0228 (7.28) 0.0232 (7.43) 0.0220 (7.05)
EPEEE 0.0255 (5.77) 0.0253 (5.71) 0.0256 (5.76) 0.0249 (5.61) 0.0241 (5.39)
Eﬂr@* #7585 degi] 0.0538 (8.05) 0.0542 (8.11) 0.0541 (8.09) 0.0618 (8.69) 0.0570 (8.47)
: 0.0251 (3.56) 0.0253 (3.58) 0.0252 (3.56) 0.0246 (3.47) 0.0267 (3.77)
00412 (14.6) 0.0413 (14.7) 0.0413 (14.6) 0.0418 (14.8) 0.0418 (14.8)
1 0.0491 (20.5) 0.0490 (20.5) 0.0491 (20.5) 0.0489 (20.4) 0.0491 (20.5)
)«ﬁ%f’”ﬂ7ﬁA 0.865 (13.9) 0.882 (14.0) 0.821(106) 0.773(122) 0.695 (10.7)
$ T n=2484 n=2484 n=2484 n=2484 n=2484
AEH (BREEE) 0414 0414 0414 0415 0416
B RS R AL 0416 & &b BAF7EZ R LT

D, O TV IRNTA—=2FT0 LW KRES 1ILTFER-TE
0, TN AT DI TEIRITTOIEIN TH)
ERBTETCND. HT, BIREEA O B2 AR
T 5720, IBPEIRIRNOS T A — X fify, DR
HD. BN, y, OFF SN ETHIUL, HRENE< 72
AUFe DIZ EBIRBEE G~ STUS K 2D LV H Big:
ZRBITECND ZEITRDD, ETDET /MR Ty,
L7 T ATHNTERY, MENCEEEMER. 0L E
T, vy DIEHEORE S13, BRSNS THER 32
B LR T X, AHESRE VT E, D LOBHZ, 0%
I B TH D LRI TX 5. Model2-2 % L5 &, 65 i
PLEX Y b, 65 A 5 hNEEE 69 DI & < Teo
TW5., —fRCEEE DT NEFERE LD biEWE Z AT
XODLWEEZXDLDONAKRTHDHI, ZORERIT—HE
el R R N A 3V ALY W V7N £t = [ i 4 = ) = R
ERZIRVER T ERND Z L BB D L, FEEDITINVA
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s
#E5+ Model 1-2
#E5T Model 2-1

kU TEIE (%)

10

(0] zF4 0~3 3~6

b Uy TEEBES (km)

6~9 9~12 12~15

42 in-sample 7 A NI X HEEEERR] N Y v 7500

HZBIFH->TRY, BEE T RWL972E A
ST SHUVMEAICH D LB 25 LRI O< . Model
23 TlE, BRI OADRENEL 2o TEY, HFH
DIRATREZR NIz < OBV R 2 62 SIS
WCANZRNEA D LW S HEIEE —Bd 5. Model 24 & 2-5
U, # A d CH LR T D AN @ < 72 - TR Y,
AR TSP IR D/ N SUVHIDFER TS B E L Q0D A
DFFH I TR GFERHCTEV W) H B2 AR5 &R A]
HECHhD. Ziud, /INEEHESTO BEEHEOR SN
S0 THIHERNOFERTH Y, Model 2-3 DFER L AR
DNEEND

54 T /VOE

(Din-sample 7R MZ L2 RANT OTFRREEDOHSR
AIEIOHEERER A, RO M EREZRRET 5728

DOKAHEE LT, insample 7 A NI X2 @NT O FHNEE

DOHEREATT-. BARMNZIZ MY » T OB ST T

NDIRT A — S HETENE A > CERINMER 2 55T L, A

HDORY /7%?;5{2!-‘ DD =T ER - A L2

D (MU w7550 BT HZ LT, EhLNERET—
5’75_’9%55% CHELCE TOADEDNEHED T I ZAE

T DT /TR bEBOMAEDEDNE Y Model 1-2, 2-1
L LT HEE A MYy IO ORI 3km & L, £
9% MU T ORREEROBIEIL 3km & L, H——1W
TG T R ENERTNA N v Ao TE, AL
(Okm) | BRI L T2,

[%-2 12554, Model 1-2, 2-1 OFFEERFI R Y » 755 0%
N7, Model 12 Tl, FITHA + U v 70EHEDS 3km A
TOBIHEEE R Y > T ARG L CLE->TND Z &M

M5, —J5, Model2-1 Tl, IEEE N U -~ 7 O RGHAS
WEINTWDZ E2vbind. FE K2 OfERE FAWT
PEEERSSI B U » 7 EIE0 MAE 27 /L CRIHTS &
Modell 2 736.801, Model 2-1 73 1.488 L4 R U 7 D) 5%

THDOENROND. FIKNEEEZT5H L, Model 12 1ZB L

TS, IS = T BREEEE N Y > 7, BRI
2 1-3km @D bV w2 8T A—HEDNERIZG [ ~3E i
HZLETCREEENY v 7R, ERE UCHEIERERY
v T ORSKGHI o7 o 7= 2 E 2 BID. —JF, Model 2-
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Model 1-3

[X-3 HuEd50> RMSE, MAE, Accuracy

Model 2-5

1 CIFFEAEC L 2o FnRseh e 2 5k L7 2 & C,
KEEEED N Y » 7O DERIEE S ) B 07 <
ol EZLND. ZOZLIZEY, =T AEER
BE N U > NRT A= RN EE 5 = L7 KR
KIEDSFREE 720, Doy =7 ORERREE N U » 7 OfHE

R DRRICIR 5T, LWOBENFRETHD. ST
I, Model 2-1 1 FEHUEINRIIC L 0 b U » 7 HEERC L 58
PO, - SR AT VN TR L2 & sthAa 2
L, ANTOTRREERM ELZEWZ 5.
QIR & B HER DI LAERBORRGE

T, SHUHA~DOT — X ZfH ST T T VOB AR
AIET D721, HIBGIDINTIRREAA T72 - 7. BRI
Model 1 & Model 2 @ 9 HEIEIVTEELEAR—ATiY
FSAEAS R o772 Model 1-3 & Model 2-5 Z vy, 9 DD
fﬁ (bgE - AL - BAE - Hp - b - s - = - U

BT &2 0B L2 BT, N —2DM a8, Test
Data & U CHE 5. Test Data LSO HIE A Train Data &
LTHEE L, FOfEE% T Test Data DA HiHEIE A&
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5. AR TIE, IAEMEREOFHMEIE & L C RMSE -
MAE - FJ=R0D 3 fiifE 4 FV V-, o7 a2 ToM
S —[a14*D Test Data (2725 K 5 1240 3%

AHEI 31T % RMSE, MAE, Accuracy D% HfEFL %X
3V RT. £, RMSE 2.5 &, “o0OET/VTIHTE
VMEZELS TWD 2, 2ARIIZR0R° Model 1-3 O MEL
Mz HNTNDZ ENRbid. —F, MAE % 7.5 &, RMSE
PLEIZIFER CfEZE B> TV 523, TEiiricsunT
Model 2-5 DY 1-3 LV /hESL< 7o TS, Fefkle, W
FrRH e, BHR JUN - pREER< & TOHIF T Model
2-5 OFFIS ERIS TS, FHZ, k& HEH7 ¢ Model 1-
3 CHABASRERE o TS, FLD5E, Model2-5
1% RMSE (ZR8 L Tl Model 1-3 12455745, MAE (X EIE[FH
g PRI L OIMENTWS L) Z 8Ty, %7
L b EFHN e TRIBE 1MER o 7 VO FRBE NSRS OV
<HBIFTIFRNWZ ENEGESNTZ. MAE D[EETHDHIC
HEIO LT RMSE IZB LT > T D &V ) DL, Model
2-5 DETIMUBICK T DM A A3 Z L AN L T
WD, FEDEDENDTINTHD Z L E#BETH LR
ERMETIIZRWE 9ICRZIT H5. RMSE ° MAE A3
EEH R THREN Z R DIE T LR &, 22 bifE
ETARE /T A—ZE0T Model 2-5 DI7HVD 70 < BHERD7R
WEAD ) AT DNSNZ LR bEZAPED L, 5]
DTARGES) A0 B BRI TN TV D Model 2-5 3
AEPERE & S HINZ W T HRRAHINTERL TN D &
JTRWEEZX .

6. BPYIiC

AT TS, BRSO RE M A S R Oy % 5
EHFTICHIIR S ZERE T D 2 & A AEEZe Implicit
Availability/Perception (IAP) ZHEHI+ 2 Z LIZ LV HV W H
HUHBEEIRET LV AASEE L, SF0 3 AREEAME PT siA DT TE)
FET— BRI R T o7, T A— A HEEDRE
B, IAP-MNL ¥ MNL CTHEE L7=E7 /v EIHFRER 2T
FINDWMEEEGT D Z EPHERSNT-. £77, in-sample
T A MZEDANNTOTRNEE OMGREA T2 o T8 2 A,
MNL TiE9 LTI 72507 IAP-MNL Tit
WESHTWD Z &MV o7z, 61T, IAP-MNL (2B L
T, BEIREEESE LT 2 Llc Lk by, SINEES
DIEREFEI B2 BUR RIS ST, &EILS,
MNL & IAP-MNL OZFNZEN Tl bIEGEN RN T2FE
FIOVEXRIZRIZ, RMSE * MAE -« BF18R7% S ofakE 2 VT
fitiisl e DI EIEREDIRR EA RN AT o7 & 2 A,
FEAEM CRZR DRERDME L0, AT IAP-MNL O
FFMEERL TS E RO BT,

SBOMEE LT, AT IAP-MNL ORI
TH|Z OD ' — Rl B DB LB E TE TV
728, MOEBEER LT 5A ORI VNETHD. £
AMFGECHEEE L T-E7 /L CIIER i & < — %18 R
e U L N e N D QY Y N I R 4 VE = U
OB ZONTUIEL BETEQVVRNDT, 9 L

AR BAER IR AR5 MRS Wol.60 No.3, 2025 410 A
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ATERNOBEMEABETEX D LT ETNVENHET S
ZLEHEBROBETHD. I, HAGHGERIT Y —H
NDZERODEIRTIH D728, HUMIIFWZERIFEHIER L
TS W) ZE B CAERS (ZEIFERE) 12Xk b3 TR
PEU TS EFEBRIEZONDD, AWFIETIIEET
TR, ZERiHB 2 B T X DEEEERET L & LT
Spatially Correlated Logit (SCL) ') 72 E23& %75, HY 5 %1%
PUEAT ORAEDEDFEEZR N UM AR E A2 T
TV A VIERZ D545, AWFIED L 9 7o EES
DO T\ R~ IIRAR D D &£ 2 5. [FUL

FEREEZHE R D Z L3 TE D Clogit?® <R Path-Size Logit”
R=2ADERRHIE, FERANRTET VORI IREL &
ZHNDD, FNEDOET /VIFIRIREIN A 2FE/ES
NIebDOTHY, KREEEMEIRITST L TED X S ZEdk
Z LTeBIIAEL 72V 2% IAP-MNL LfAEhE 5
ZEITRY, SRIBEEASORENE & 2B A RIS TE
TEPOFERIRETNEWGST HZ B DI, 6
(TR LB ED L) 2 b EZ NS, INT
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Scenario Analysis in the Seien Metropolitan Area Using an Activity-based Simulator

Investigation of the possibility of evaluating lifestyle indicators by attribute

/RIS« AFEETR* - FHEP AR - /NI

Ryoko Komatsuzaki*, Ryoji Ishii*, Sadayasu Aono*, Hiromitsu Ogasawara**

In today's urban transport policy, scenario planning is becoming increasingly important to address the individual
challenges of each region and attribute in the changing social climate. Activity-based simulator (ABS) has been
developed to generate mobility information on an individual basis, allowing the evaluation of changes in lifestyles by

attribute due to policies and scenarios.

In this study we apply the ABS to the Seien metropolitan area, confirm the reproducibility of the current situation and
show that the ABS can be used to demonstrate the significance of policies such as the compact plus network. In addition,
we proposed lifestyle indicators to capture the transport burden of households with children and outings of the elderly.
Keywords: activity-based simulator; scenario analysis, person-trip survey, compact plus network
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Development of a multimodal route choice model for visitors

A case study of activity-travel behavior in the central area of Kanazawa City

il
Kazuki TERAYAMA*

Revitalizing a city center requires not only changes in land use patterns, but also improvements in the level of
transportation services. This study aims to develop a multimodal route choice model for visitors in the central area of
Kanazawa City, using a prism-constrained recursive logit model. The proposed model integrates both mode choice
(walking, car, and bus) and route choice behavior. The parameters were successfully estimated for the study area with
a high degree of accuracy. The results demonstrate the model’s capability to evaluate the impact of land use and
transportation policies, such as reallocating parking spaces, enhancing bus services, and increasing sidewalk widths, on

visitors” mode and route choice behavior.

Keywords: Multimodal, Route choice, Travel mode choice, Recursive logit model, City center, GPS trajectory data
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SREMRETILICE D BHEBEEERRDO TR

Prediction of Urban Activity Sequences with Language Models

Kk BEZR*, Pl e —**
Takahiro MATSUNAGA*, Eiji HATO**

We present a Transformer-based framework for generating daily activity scheduling sequences in a macroscopic urban
network. This model is designed to flexibly generate activity paths, which are influenced by personal attributes and
past route trajectories. Three tokenized streams—time, location, and activity—are modeled independently, while their
interactions are captured through cross-attention to avoid state-space explosion. Applying the model to rare panel survey
data of activity patterns, we validate its accuracy and compare performance across spatial resolutions. This approach is
scalable from daily activity patterns to life-course trajectories, offering a foundation for next-generation activity-based
traffic simulators.

Keywords: Activity Model, Transformer, Attention mechanism, Panel data
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Attention(Q, K, V') = softmax (M +
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Query, Key, Value 1ZAJ1 b =2 > D DHIAHRITH
X € Rt U TRIEEIR R IS 2 & TRD & 518K
N3

Q=XWq+1b), (4)
K = XWp +1bj, (5)
V = XWy + 1b], (6)

ZZT Wy, Wk, Wy € REX4 | 3EEA T bg, bk, by €
R IANAL 7 RETHB. £l L, FENERANBIU
aVTFAMRINIDEXTHD, Self-Attention DIFEIE
r=2z ThHsb.

Transformer DREHEI, T D AttentioniE % EEAF
L CTHW2Multi-Head Attentionic® 3. ZAUTLDE
TIMIBRR 200 HEENZIEZ 2 Z e D TE L. By
RTIX EEED Attention DN IZEIE XN, BEANTDIT
DEIITHESINS :

head; = Attention(Q®, K v () (7)
MultiHead(Q, K, V) = Concat(heady, ..., head; )W
(8)

ZIT hEAy R, WORO WEE WV ¢ Rdxd/h
&Ny ROEATH, WO ¢ R4 3HEHOE
AITHITH 5.
3.4.2 Within-day Encoder

BERD@E D, FHIZ DWW Ttime, act, locDFRAIM D
MEARTENE % Self-Attention, Cross-AttentioniZ & b2
B¥5. BRI, Self-Attention(SANCE D& —4
Y ABRTER

Htime —_ SA(Htime), (9)
H™" = SA(H™), (10)
H'*¢ = SA(H") (11)

L7205, LIRDCross-Attention(SA) % #H 35 :
Htimceact — CA(Q _ Htimo7 K=V= Hact)7
(12)
Hacteloc _ CA(Q _ Hact7 K=V = HlOC), (13)
Hlocetime _ CA(Q _ Hloc7 K=V = Htime)7

(14)
Htime<—loc — CA(Q _ Htime7 K=V= HIOC),

(15)
Hact(—time _ CA(Q _ Hact, K=V = Htime)7

(16)

Hloc<—act _ CA(Q _ HIOC, K=V = Hact). (17)

ZAUC XY, EEEE t— 2 V32 DOEIRORERYIHEIY
%, Kb —2 VI3FRR R THEIT ST 2 EE DR Z
NENBWRULLDS, R b—27 Tl GEERER - RA5E
PO R ET RIS B CEICHNI ISR T E 5.



FRNTEHDES — oV ADBHEFRBE R L (¢ + ¢! + o),
BT X2 b Lk D Cross-AttentionZ /M35 Z & T
Within-day Encoder®dHiH1¢, %15%.

3.4.3 Day-to-day Encoder

Day-to-day EncoderTid, Within-day EncoderTi%
SLITAAHDBEEH (¢, 0 < t < T+1)Z AN L, HiED
HEMFHZ AR 5. 3t = 156t = THEHFTOBRER
BeBRIHRIHEE L, IBHERBI®r = cat(¢1, b2, ..., 1)
2155, ZooniEttEReMmLzay 72 b—
IYTYINVEMEL, DIFD XS IZSelf-Attention%
W3 % Z ¥ TDay-to-day Encoderdti %152 :

& = SA(Dr + V) (18)

3.4.4 Decoder

Day-to-day Encoder®ti/j®/. 27 a—&ICANL, X
DOHOEEHES AN T 5. 7 a—X S EBOBENE 2
LNDY, ARETIIED L ZE <—t 7 tr> (MLP)
% time, act, locZENEIUTHE (N, N, ND)$5. T
bbb, TAa-—XOHNBUTD XS 1TERENS !

= Ni(®7), trir = N(PF)

(19)

ary1 = No(P7), 1t

3.5 1BRBIE

Hiffio MLP 2561350 723R5IHE, 1IERYIY
gahz (K2). act, timeRFIcOVWTIE, Z7rATY
FaE—CE() HEEXXTHET S ¢

seq seq

ZCE aj,a;) ZCE

Z 2T, locRINSH L CHMICFE D Zn 2y b —
PHWZ Y, FHlxN=Y —ID 2 IF#ED Y — 2 IDA—E
TEPEDLOAETHNT 2 Z LIk 5. :hm;of%%
V= ETRLGE LB Y — 2 TFRILZS
#ﬂ%k&bﬂfhiﬁ.L#L%%kdﬁ%kﬁmy—
VETRITERANEE L0, ElfEEEELE
KGR F L.

CORERE 2, AL CIETRINE © IEAEORIDH
HOCED S RIAT A HEZEAT 2. 2TOY =4 (4,5)
DO TH % D(i,j) £ 35k, HEHR—2DHER
Lp B XUEANZIERBIEL Lioa IR TERSINS ©

act + Ltlme

lseq
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M4 22 aE RN

4 PPT—RZRWVIT—ZXXZT«

41 T—EEE

KWFED I —ZA AR T 4 Tl 2019 225 2023 12
FCEMBEENEREOPPHRED 7T — 2 2FIHT 5. &
PEOEMARRKL Y > I (BIER) 13RATTRT
WOTH3. ¥avsFRA =2 e LTHHLERE
PEEHIIER, Fln, BRERT 2 UQERE, BHZHW
Jz. BBV =T OFEEEZ AIVAL Z L R[RETH B
DR —ZAART 4 TIRAN TV,

Z 2 CIEEGITRINCOWTIE, K4R3$ L9518, 1E
HEX a8 LTRSS . EADX v 294 &
10km WA TH 205, IWFREANELDOELLY — 1200
TIXEEGHTE X DRBUCOMT§ 272, 1km PO/ ICHE
ST %, MDD DZEDIEX v > 280 BHIED &
472, FME7R L DEER 140 TH 3.

4.2 FHEIEIE

AFRNIERETNVERRT 2D TH S, LIzhi->TER
FER & RS ¢ OHEGHIARHCEETH 2720, A

Lp = ZD(xj,fcj), (21) NEEERE % Accuracy, F1 227, BXU Feasibility
j=1 D3DDIEHEN & - TFHl T 3. 2o DIFEIIAERRY
Liotal = Lact + Ltime + L. (22) ¥ IFRA b RS % B 2D B2 2 D DTH 3.
K2 T —XYE
R 19/7/8~20/2/11 21/10/3~21/11/25 22/12/19~23/1/30 23/11/15~23/11/29

T TN 305 115

182 223




Accuracy ¥ F1 227120\ CIIIEEMEE - 8577 - Kl
L\Woiz b= VHERIZ R ICEH L, FeasibilitylzowWT
I3RIN IR DREER 24 2 TS 5.
4.2.1 Accuracy

Accuracy I3FRINBRNTET BIEL L TRz b =2 2D
Hlazll2t8E T 5. EERINZ v = (v1,v2,---,y7),
ERINE § = (01,02, --,07) T, KRTERZ
ns .

T
Accuracy = % Z Tiy=g.1 (23)
t=1

ZZT 1, WEEEDRALT 25 EC1, FALSMC0EIR
SHRREITH 5. Accuracy 1 IRFI2IKICBITS —2
VEMTO—EREZRL, FHEICBWTIRT 4 7 b —
7 T 5.
422 F1 X337

F1 2271 Precision & Recall DI TH D,
2 5 ARHED D BHFET S NT ¥ AD L TzaHilli% ATRE
53, HBIVITRA cIHLT, TUHERATERS
ns .

.. B TP(c)
Precision(c) = m7 (24)
Recall(c) = TP(;S?—(CP)‘lV(C)’ (25)
Fl(c) _ 2. Precision(c) . Recall(c) (26)

Precision(c) + Recall(c) ’

22T, TP(),FP(c), FN(c) BEhZNs 52 ¢ 128
B EIGHE - B - kRt ofE RS
4.2.3 Feasibility

Feasibility 13RFIEAOREENZ Y12 FHlS 2 DT
B, +r—7 VEMNOFHBETIEEZ S Wil E2#sEs
5. BRI, ERRTIDERNED 7l# 27 LT
WERNE S PEGEET . A —RAAXT 4 TlE, 1THD
B & B DWAEGID R 285150, K~ —27 V&
JERZA ATV NRINZIEZZY  (infeasible) LHIET 5.
Nricasible ® ZHRRINDEL, Niora ZEEDRIEIE T3
¢, FeasibilitylFXXTERSND !

Nfeasible

Feasibility = (27)

total
43 REOLR

NANR=RFTRA =R BRID XS ICHE L TETILDE
BrfTolz. 3BWITTENRIZED, T + 1HOTEEHESZ A
YTy rel, THEHEFTOEHRIZET LA VT b
LT + 1HHOWEEHRINE VTR ERTo 7. &
7o LB IZ AdamZ WV .

HHS 2 EFLDOHREICOWT, REIRTED, G
BTORB (A7 —V) L BEEHER OGN 2 358 D D
EFVERE L. ZHUSHIZ, EEICHVSEET—X
DHEE6HE12HTEZ S Z LT, F6@HDNRR—V%
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£3 HEEREFDNL =T X —&

Parameter Value
ER 0.0001
Ny FH 4 X 32
BARRYIE 10
Ira—x7ny 7 (within-day block) 1
Tra—x7ay 7 (day-to-day block) 1
Fa—x7nay 7 1

A~y FE

TRE R R 51 6D SA AT 16
BFTRTHDIA BRI 16
TEBIRYIE DA BKIT 16

R4 E TR DR RIS D LR

A HE 6 12
model 1 Accuracy (act) 73.6% 70.3%
Accuracy (time) 57.0% 54.3%
Accuracy (loc) 55.1% 53.1%
F1 score (act) 64.5% 58.8%
F1 score (time)  27.1% 32.7%
F1 score (loc) 37.5% 24.9%
Feasibility 20.5% 46.1%
model 2 Accuracy (act)  64.1% 61.6%
Accuracy (time) 49.5% 48.8%
Accuracy (loc) 40.2% 41.1%
F1 score (act) 53.7% 48.8%
F1 score (time)  31.8% 29.4%
F1 score (loc) 7.63% 8.64%
Feasibility 36.6%  20.9%
model 3 Accuracy (act) 56.4% 54.7%
Accuracy (time) 44.8% 42.4%
Accuracy (loc) 41.6% 40.3%
F1 score (act) 43.5% 39.1%
F1 score (time)  24.9% 20.5%
F1 score (loc) 9.31% 6.63%
Feasibility 44.4%  44.8%
5 ETNVORE
A=)l FREHER
model 1 & ¥ Z 24 — L (10kmPUJ7) %L
model 2 </LF X5 — L (CBD1kmPU%) %L
model 3 </ F AR5 —L(CBD1kmPU%) HH

e U7z, SO RAUTTRT.

¥, AccuracylIZEHIRHGEIME " model 13 b E <,
FHCZHEIEZEETH % Loc-Accuracy TH5 %R % R L
TWa. JEEfEME, EERRIC OV T i amodel 1435
WMEZRIMEMICH . ZAUIEFTOIREEE D model2, 3
ZHARTHIR 0T, TEERERR IS OV T OREEZ
FOGELFETERLIDEREEZOND. RREL T
TILOREED b L— FF 7135HOBEL E 2 5.

—Fmodel2, 31X1kmX v > a2 ZHNTWVWE7=H Xy
T A B TOIFERIEL oo T35, FEREECHE



1st

truth

prediction

truth

prediction
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2nd 3rd
high
probability
i %
A
= low
| | BT ‘
| I

M5 2% > IAHT B HEERRER (TB) v #blir —x (BB DL

T3 L HVIERDIEEGFT R B 2 RIS Z. 3 Z e ST
X TS Z e DR E Nz (). model2, 3% tH#S 5
Y, HEBEECRE A L zmodel3 D 5 HYRFIC Feasibility 23
m<, MENRZAE LD XA TR Z e by b,

F7z, BEFT—XOMERHBEE ST 5 L 6HEDT—X
ZHNESEOHABRE TI2HBO 7 — 2 2 W54
DHBEVRBEEZRLTWS, ZOMERIZTF— 203D\
METANFEFELLTVWI L ERELTED, BERICIIH
T525RTH5. RPDTF—2EHAVEZ i/ A
D, ETAOFEREHLL LTOWRAREEDEZ S
N5, XOFHMRINHARETHZ DD, BllEZHE
IR L TH ST LD EFNORBENA LT 2 b Tldk
WZrERBLTED, SHROWRICBOTIIEAEDE
ERT — X OB EE LR ER L 05 Z e THENS.
4.4 HERFEROAIHRL

X BIT, AFFETIERGFERO BRI, FHCTEE)
BAMCER Lo efi-7 (K5). K5 Tld2%on¥ >
TNZDOWT, HERNEHIZBI 23 v FI2oWTIE
FRDTEBIRS ¥ 8 XN BT VDR U 7= TEEE A O
FEOMEHIRLTVS. ZOBOETIUGEEI2HBOME
By 2 VTR IR TW 3.

EBOSIIZICOWTE, IEDSEFEESNC D D
ZFOEADLD CBD (Central Business District) FEEA
BEIL TV, U 0@ TEIEHEETETWS
Ezohb. —JT MEROSNEIL CBD #Ec/EEL T
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WB AL, THBIZOWTHETF IR TE <
R—VERWEINCHHLTWS., WY > 7L e b HEMES
WPHOIE Z RN ET M ANS Z e 72K, BEDTEH
FFD & end-to-endIZ¥H F 3 Z & THIAASkmIZE DFE
ETMEZHHATETWS Z MR TE 3.
5 &
AHFFETIETEEHRE % T T 2 7= DI RIFRCED
HEEEE Y T % TransformerliCEH L, FHHlX 0%
VT =R (PP7—&) % W TRESHER O 7 L ORRE
fTo7=. BARINIZIE, Within-day Encoder, Day-to-day
Encoder!Z &k o TEFENICRHELZ ¥ E T2 71— L7 —
JRIBE LT RN S5, EEEE VS R —
7Y RAEMNIMAT & LTS 2 & TIRAEZEH D kEFE %
FigoD, Attention X =X LI Xk o THMEEEIERH
ZERL. INETOMFRTERIEDEL H o ERHD
REIHEIS 2 B % A TR EER - (TRENREEE, TRENGT,
IR DRI AT) 2 —E DR TR L 7.
SHOBFEY LT, SH0sr—RAXF 4 THEF T
12530 T RGEFEOFEIR DGR, MR DOUEE R EHE
Abhb.
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