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Graph Laplacian-Based Spatially Varying Coefficient Model and
Its Application to Street-Segment Crime Analysis

Ruili XU*, Ryo INOUE**

Abstract: Traditional spatial regression often relies on Euclidean proximity and analyses aggregated to grid or
administrative units, which can overlook network-driven, link-level heterogeneity. Advances in sensing
technology and open data collection have produced diverse, high-resolution spatial datasets, creating a demand for
regression methods that accommodate heterogeneous, multi-scale structures. Moreover, many observations are
inherently based on networks—e.g., crime concentrated along street segments or passenger flows on transit links—
yet methods that explicitly model link or node level processes remain underdeveloped. Therefore, in this study, we
propose a framework that leverages graph Laplacian eigenvectors as multiscale basis functions to model spatially
varying coefficients (SVC) on road networks. By combining eigenvector spatial filtering with Laplacian spectra,
our approach enables inference at the street segment scale, and better captures localized network heterogeneity. At
last, we demonstrate feasibility and empirical utility using crime calls for service data in New York City.

Keywords: ZERJHSLE M (spatial heterogeneity), 2SI FIZ546%4L (spatially varying coefficients), ®v h7U—7
(network), 72757537 (graph Laplacian)
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T U EIORESCA—T T — F R ORI,
22T — 2 DLREAE - REWURIZE L <, Z=HAEED
EWERZeZEM T — 2 WATFRBRIZAR Y, 26U
A - KB - HEED R DIEIRWIEER T — X DieH D
FUFEDR RO G TWND.

ZEM T — Z O TH L =M REM A B E LT
FEAT DBEFRC T AL, ZEMIFE T E PO EEET T
&7, ZEMPEEMETZERBR OERER - @RS GET
WCEoTERDEVWHIWETHY, EROSITFIEE L
T, ZEMAi T 72 28 b & R E O HUK TR EAE R 72
ZAbD “FEEORENRE SN D, BiEIEL, B —
TV % T TR AN SR BT AN 72 43 A I -5 < HEER AN B[]
%1k (Fotheringham et al., 1998) <, {iZ{&(Z k> CTARKE
Rl DD R 2 (T2 D Z2 R & & 42 R D 22 8] P Z54%
$rE7 /1 (Spatially Varying Coefficient, SVC) 2MUEKET
NELTHETFND., Thb0—flk LT, ZER7 11
%4 1) 7" (Eigenvector Spatial Filtering, ESF) % & L 7=
SVC 7 /L(ESE-SVC) (Griffith, 2008) #371EL, ZERIfY
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O DICEHERE R AT 5 Gk, 2015). I 5T,
FTIVT UEANRY MVIIKIENS RETE COEE %
F K172 0 15 5 (Belkin & Niyogi, 2003). L7223-> T,
TTTT VEBRY MV ERAEE ORI KK
ELTHWAZ LT, BABEMA S, —IVIZBIT A%
OB & FILTE, ESF-SVC & [FRRICZE M 2512 50E
FNERHERT D ENTHETHS.

TIT, AR, ZOTT T T UATHIOBER RS
MV E T2 28 A 84530 E 5 /L (Laplacian-SVC) % #2
KI5, BEMERED ST T OBEERLEAEERE L
72 SVC EF M X - C, TH#i (edge) BT (#7572
VONEAL) &, KON - BT 2R 22 AL TSy
MR FREE 72 5.

CIBE, 2 2 BCRELLAGET LVOFETAREMEE £
OHEEHEERL, #3 BETRET X 2HVTIRET
TAOFERAMEZR LEBRT S, KEIZ, &4 FIBNT
N AT R N A

2. DHFE
2.1 ESF-SVC T/

ESF-SVC %, ZEff9 A CARBDORFRIRRER G & T
7% Moran’s 1 #iitE (MC) [ZESW-ZEMET ) v 7
7 I —F T b (Griffith, 2008). n HiE TH S 7- 22/
T—%z (nx 17 bV) OZEFHEEEZER T RE MC 11,
n X nDZEFBEITAIC, WATAIIZ WS &,

MC = zZ’MCMz o)

zZ’Mz

LERIETES. B, M=1-11'/N, T+ _XRTOEEN
1 OnX1DOXT MLE1ERT. MCMOEEA XY b
e [ TZEMMHATHICOF T HZEMBEEE R L, elixtind
ZEAAMEANTZERIM B CAERE O K& & &% 9. ESF-SVC
I, ZOBEENT SVEBRALELONT A —F B Il E A
LT, BT 28z RE AR TET LT

K
= o RBESF ~ 2
y kz;xk B + € e~N(0,0°I)
©F = Bl + Eyy (2)
TEEIND. TIT, “oFHEHT L O, BETITKER
OFAE S, DZEMAIE NG A—H X7 "V ThD. E
BB L BEE T ST DIRTG A =BT [ IVEY,
X, ZNENBET O L M A &R
2.2 REFE
Xy NI—=0% ) —REENENSRSY 7 THREL
L, ZOMHEGREBEATHICRET 5. / — Fiddian
LB L, BEEETHIAIL, nxnDIEFITHIT, FORSY
AjlE, /= Fi,jOBERREREZERL, UV ZETHIINT
WA EXITL, FEn T ienEEIZ0 &7 5.
'_{L@ﬂeE 3)

Y 7|0, otherwise
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K — RIZEET 5 U 7 ORBERIE WY, )%
KRG & T DITHNEREATHID & FES. & DRSYDy i
Dy = X714y = Y] 4 THD.

7 7HEIBIT LT TOITHNRBTE DL T T T
TATINE, L=D-ALERIND. ZOITHNTERN
LW LNTHTITIITH D, £z, 2 kIERIT

n n 2
xnx=§: E: Agj(xi—x)" =0 4)
i=14=dj=1

EEF B, TTTUTATINTSIEEMETH Y,
HEIILTIFAT, LIrBEAEY MWEBEWICER
THZENRHLNTWDTED, T 7T ATFNILLT
DI TANXY MGETE D.

L= Zi:]-li(aia’{) (5)

G NMIEARMHETT 4, =0<, < - <, B L,
N7 M a3 ERUCSHIET B EAEOEA N7 b THD.
TTITIT ATHID ART MV LV, F/NEA A,
S PFEe LY, RAOEDEAEILS T 7 ORI
SR (algebraic connectivity) & FEIEIL, 7T 7 oD
WMIOEBMFME L TEbhTnd., &5, Ly, =
AT X > THONDEREL EBERENT Myl s Z
7 EOEME— R (A 2&KE5. bbb, 4290
SWFE, ZOxET B2 5 7 LTS A ORIBICHE
RMNIEL) IET— RERL, W, LBKREINVIEE, v,
IZRPTIZEE T 5 E— K% %7 (Belkin & Niyogi, 2003).

HIZ, Yamada (2021) 1%, Z=f00 B CAHBSRIEfEE O —
D TH D Geary’sC ZHW, File Rl mnb s 77777
T UEANRY M E AWM — KRB AR L
72. Geary’s C %

2
n—1) 2 2;wii(xi — x;

o= T Zzli(x]i(— 7 W22 ©
cRIh, XKWLV I 77T EHNT

n—1) xTLx
=( w )xTMx Q)
tEXHIOND. T42bb, GearysC LTI 7
BB R EFEORDT B &, 77707 EAMEIZZERT
HOMBEOR T — V2 MIRFTRE L 72V, ESF ~JLRTE
4. FZ T, ESF-SVC |2k %, /I 7iEL2EETX
55 7T ATINCEES W SVC EFVEIRETS.

c

K
y= Z X0 (Bl + Ly + £,6~N(0,02)  (8)

k=1
I, EETANEAR, ESx TSI T v
AR FVLE DR EBEIIRTTNVKEL RN LT, £
DEFET MR & FEE CFHRARN O K%
ERT VWL THD. ZOMBEIIHLT DD,
Generalized Lasso (23 < LRI ERANLEE A L, 22 H.IH

DOEIRZ [FRFIZAT O MERH D

-C1-01 -



C1-01

3. Za—3—/VHOLREHRT —F ~DEA

AREL, ==2—3— 7 TTNOILTEL IR M2 X %R

TR FIEZ FI CHEIS X B TR SR @ B S D Z2 Y
BEME L, REFEOFAIMEE RS S.

JLSRITH TN CRE DOGITIC R T DR S 5 Z &
D& DR TSI TV D

WZiwmmeMQj:%l®ﬁ%@£&éﬁ%ﬁ

T, HEE A BN CIIREER L, #HHEC
%ﬁliﬁbﬁ@SW%ﬁ4%ﬁﬂ§@ﬁﬁ%E%ﬂHZT%Wlﬁ%
FEEOERXEICmET 5 Z L 2m L.

Fi, IEBYERESCHSRE, I OIIIHEKOME
BRFE DN SR AR IS B % KT AT REME AV RIR ST
5. Bl z1X Gilletal. 2017) 1, /NEBERTH IS CALSRE S
FENENZ EEBIE U, /NEARESTH T Bl o
WiERZ <, k#@;ﬁ&%wﬁ@ﬂ‘f% THELTWA—

U7, MEOEBICKMELSEENE-TRY, AANE
*L##%&mﬁ& By b bBNIENREELTND

AHEMER H D E LT D, F72 Park (2019) i, FHfEE
KEENEL, D OANDBEMROHIEIEE, JLIRNH
EOBFTICES LT W & 2B 5 L.

UL, #RiiN CHUIESOATE 2 L IR RE P ORE N
BB A=A LZONTOEMBITEE 55 L35 28
VY. Weisburd etal. (2024) 1%, J0IR%E O FIKIEH N IAZE
BURRRILGE TR DWEICAR TR CTHDH Z L2 L T
5. FIZE, THRIAREDSOIRE IS EL 5 X D5
HiTiE, TR O ZE e iR B Al U CIR SRR R E
ERRAL, JUIEBEMFEOZ N EROBER LT LN
HfEENS. 29 LMKk > T, BN E8Ei
Z X0 SRCEY L, JERREAROEOERICH TS
ERMBNAEERTELAREMERH DL ELTND. T
ST, JRIRAVEE 9 2 3 IR 0D | HiF) R R0 BRI %
B2 Z 0%, 14 RANIRIRES IExI R 2 =T B 720
DHEM I TFBEERVES.

ZNOOBAIRE AR E 2, ERTEL D RWICHE
B A NEMNOERMEER AL D ENTE D
RETNH AW, HEEERE (BESCRI) LEkLT
oD EHF R E DS LIRE T B A D B A WAET 5.
3.1 T—4

KFFETIE, ==2—I— 7 HiD calls for service GAHRT
— &) EXtGrLl L, fRENTEAL 2 HIRK X (street segment)
LT 5. BT T BRI NTZETORER (RO
FiEZWMbian) | 20ET 570, EHacHms
IVEAENTH L. EEFR Y FU—71T DCM (Digital
City Map) OEKH.OHRT — 2 & HV 5. HUHRE O(path)
T —HIIIEE R EOBHRMAKRIE L TV D20, GEETR
v b U — 7 OREEIT
FAEEE oo s (EEHE) 2B & L, Tgeneral
5t

crime, violent crime, property crime] % %7 = U B/

FI4OHIBIERS R T L

Jif Y (street) ¥ A T DB EAMFH LT,

FRPMARRERAE
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HTT 5 (Weisburd atel., 2024). JEREME: (HEHKRXMEE &
ATREIE ) o MR 24 3% AT A S 823 B LR A &
ATDOH T ME (—FRET - EAEE FEA . 22X
W) ZEBAEHE TS, £, @S 2 “ambulance”,
“train” % & T RORCERIE B E O FR sk X IEL TR A & A
UGN E LT, RERTRA LBWE, =
RE A OREREE RO OEKEXE EoFg & HE N
HI 2% LA L CRRAN LT,

fiEdr gz ) @ 2o DEWT T 7 6=
(V,E) 27 A « 7T 7LG)\ Wﬁbt I IT T D
BN L(G)DTHRITKHG L, JTOHim CHk ™ 234 R L
BL(G) ETH#ET 28R E 2D, Zhicky I ET—
Z| BHERT—Z LT, 77707 17845
L, BN BAERT MVEREETT VITEA L THNT
T5. ek, BHIEKIT, 87 A -2 KT B EAL

DEEZF T 5720, SAEROEZFEEL L.
3.2 HHER
KOMTIE, =a2—3—27HioPTRRERED Kb

%wéﬁzf&éfmyﬁxz@%4o%Ea%ﬁ%ﬂ
L L CERE LXK 1).2025 41 A2 AETo2n
AR, A#ulsE ClI &8 74,499 oS @ A FLsR S,

ZDHH 2,499 R EEIL Th o 72 (X 2) . xtGeHitk O
FIXEHEIE 945 THDH. T 2 TIHEGHIR - W EMED
BT 2o OMERROALEZRT. K 3 O EEITHK
BIEICBEIT 587 A —ZHEERER, T BT R A AR
IR 237 A — 2 HEERE R A2 /R T,

IR 0/ A —F T8 TIEN > —EITHEE S 1,
Wk L C— iR e 5 2 CTBY

WPEAL R ES{liDE S

K1 2025 F==—3— 7 TEREEREX T L OILT @B

Crime Incidents in Procict 40 roperty Crime Inc in Precnct 40
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—J5, BAEEEHEORBIITICHE Sh, SAEEN
W55 & MEEIL ST A MR S o, BEAE
TEORMPUFEREICHBRL G XD REENRH D L0 D
BEFERF I DOfin & BATT TV AR, EAEEOREE
FEBENDHTICA S TWIRWEZD, BIENY —7 > b
PR ELET 2O HW TE 7220, — 74/
THEEMEO T A= FAOERICHE S, HMEL
OWINIZFS LW L 2RBT 5. £, MEEES
BT EOMPBEALIAEIC G 2 DRI L o TR Y,
BRI HER O —ERATR IS BV TIE, PSSO BN M PESD
FAEOTHEM 2 B ZEANMRR SN, WERDHOE
FUTEE D NOERECMAIN IS — 7 N OFENREE L
TWAHAEEMERH S, Ze& g, dbis LOEERICE <
FAET DD, THNEINT 5 & —EOATE Cl LR
ERHEICHIMT 2EmR o 7.

4. B8HYIC

AL, Ry MU — 7 EEOZEMOREELEZ,
F 0 A - BT e ZE AL T O A FTRE L 72 5 F
LE LT, 7777 ATHIOEA Y hVE R zE
MR ET LA RE LT
BETFIEOGNEEZHRT D7D, =a—3F—7THD
LIRS FHIRN OILIRBHRT — Z I L7z, iR
N5, BEEMFEORER & —B LT, HEBXEE & A
M OEESFETH OB LI H T 5 &
DHERTE . &b, HHIFIANERK & TR A
~OREL, HEXMIETRREZ NS oT

EOEE
B3 MBI DAUIRICK T 53T A — 2 DHEERER
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Spatial interaction model with continuous spatial heterogeneity to analyze interregional
relationships

Natsuki Ando*, Ryo Inoue**, Zhan Peng**

Abstract: Continuous spatial heterogeneity is that generation process of spatial phenomena changes gradually in
space. While various approaches have been developed to estimate spatially varying coefficients (SVC), their
application to spatial interaction models has been limited. This study constructs a gravity model with spatially
varying coefficients using the eigenvector spatial filtering-based SVC (ESF-SVC) method and evaluates its
effectiveness for analyzing interregional relationships. An application to commuting and schooling trips from the
Tokyo Metropolitan Person Trip Survey demonstrates that the model can capture heterogeneity in trip generation
and attraction that depends on origins and destinations. The results confirm the potential of incorporating SVCs
into interaction models, while also highlighting an identification issue: distance decay cannot be estimated
independently from the coefficients representing trip generation and attraction.

Keywords: ZE[FVE M (Spatial heterogeneity), ESF-SVC, ZERAHA{ERE T /L (Spatial interaction model)

1. [FL&IC

AR, TRkt OERIZE D, fHxhZEfBsRE R
LM T — 2N REICEMIN TS, ZO—FT
b5, N OBEIZFE LT —F% b AFAl
RERM ELTWA. 2 b OBEET — X IS0 T
Hidek [E1 Bk D9k ES & 222 AR BAE R & T 2 iF i
thAE O FE-CH T FHEIC B W TEHEETH S.

T2 BEAR R8T O b AR 2T T VITEET )V
ThD. ta il j MoBERE, PaXi ORERDL
FERTEE, Qxat j oETEDOLHELRIIEIE,
d;; s i O BRBERRRE, koo, By ZREET D L,

ty; = kPFQd;) €)
TRIND.

EHET VTSR, SRR CHBEOREEHEET 5.
L, b LRIy K& o OHBE N S O@ERE O
FEAERD, [Fl— A D HHEL O Mo IR O 18 E - 8) O 5 A4 &
b in, BERREZADE LEET AT,
Ny RE IO a FMOMIZ LY HREWVWEEZZ L0
WEITHAH. ZDOXHITHIE - HIIZ X > CTHELIAZ
L AL OBURN BRI DI T2 KRBT DET N EZE
i AT 22422 (Spatially Varying Coefficient: SVC) €7 /L &
WY, EZTIHET A TR IN TV D MBS O 4 AR
T« BER2S, M - USRS L - TR D T22Ma0 88 M)
ERELTND.

BEEIZIX, DITO 2 MEOEHNEEERH D L&
A5, 1 DIXHEEABERICE 2 5 HENFE D
FIC Lo TRRDEWVWSHEETH DS, Thid, LR -
TACA 2R AE O & 72 P12 & - TR EHE O IR T ) R
RAEMOMMBICRLRDLEE2RT. O 1 DITRMTE
WOBFEPBIEICEZ L BENRRDEVHIMETH
L. ZHUERBBEDO NN EFF O TH > TH, BAERE
REFEDOK/NNHLGEERT.

AFaTIE, HASLHIB ORI X > TRE R 2 122
b9 28R 72 Z2 MR BB ME A RUE L 72 T I B A iR
2. G IR 2 I BB MR 0T O FHEI,  Geographically
Weighted Regression (GWR) (Brunsdon et al., 1996) <°
Eigenvector Spatial Filtering based Spatially Varying
Coefficients model (ESF-SVC) (Griffith, 2008) 23{LEH T
b5, ZHOSVC ET/MT 1 HUL - HlZKRS 1T Hh
To 2B T — 2 B RG LB A%, 2 #iR - Uk o B ME %
RTT =X TCHIBHEOSI~LET 2R A2 b sh
CT&7z. HIJET M GWR ZMAEGDETEIEZ% <
TEET 5 (] 1%, Nakaya, 2001; Kordi etal., 2016) 73, ESF-
SVC &HAlAE DR TAIFRIIRTER bR,

GWR %, 2 TR TR CZEM A 7 — /L D22 fH 2E
MG LOMEECE T, T —F MRSV EHEEICEA
EETLHEE AT DH. GWR OHLIEE U THREEIZE R
D A=V OZEHIR B VR E A HEE T & 2 Multiscale
GWR (MGWR) (Fotheringham et al., 2017) % #24E X LT

* PSR FUEKRTY REPEEHRFE TR (Tohoku University)
T980-8579 Ik AT HFEXITTETHE 6-6-06 E-mail:ando.natsuki.s2@dc.tohoku.ac.jp
* ERB FIERT RFEFEEHRFE TR (Tohoku University)
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L8, BICHEEICE T 2FE &ML, FEITrMREMEIC
RS D, —J, ESF-SVC X, BREEICRLD A r—
NOEMPREMEOMEEZHE T 2R ERHY, T—
IR R E < THHEEHE O FAT A REMEIL MGWR X
DR&EWV. ZMMHAEERTT VOT —Z 5, Hildkik
D2F/THDHZEEH 25 L, ESF-SVCIZESSEE
TV O KRR 22 RAR AR o 22 R A SV MR A H oo FTREME
IR 5 ECHERIZEE XD,

2T, AWRIIBEIENSAE T D 2 FEHOERI R ZE
MEREMEAEZ KRBT 5596 LT, ESF-SVC &3,
BEHET M SVC ZBATHETNVERETH. Hlk i
A OF B MAR e, B BMEARERS, &, F 72 Mk i
1 D PR R AR By 2 F Ml 1 DB L L j DR O
THRILL, BEMOMMBICRRHHREE LTRET .
WA =Y > Y vy TREOBE T — X 2 AW
REETNVEWEL, REET NVOETAREM A M3
BE e bIT, HEERE T A < MBS Hisk Y B4R
IR KT 2/ A EMRGET 5.

2. ERMLGZEENEEHOSITFiE

2.1 GWR

Hi5 71231 D GWR DET VL, y & HaiEE, By,
BUIR, xp % kT B OBBELOM, B % xe  \xT 5
R+ 5L, TRATERENSD.

K
Vi = Bo; + Z Xii Br,i + € (2)
=1

HEE I, RN WBLIILRIC R L KD K& Al A ik
ELTZELITH W W2, EAOE R/ T RIETIT
Iy BRI R RV, XERAERATI T B L,
#eE AL

B = XTW; X)X W,y 3
LREIND. WildIERHHERN 0, kB Hw, ;73 Hilik
ij DR, ; % FEEER P BICRA L2 ETE 2 b D
1T50C, BEEEECRBEEIT Y v AR o BI%L

d:\?
Wi jj = exp (—0.5 <f) ) 4)

BRAWSND Z ENRE. 7ok, /N2 RIE b I3
BEDDINAR—IRT A—H T, ZOMEIEFRZXRELE
IEFRMIEHRERES O CQRET 5. NV FIRRETIT,
ORI L CHEEEZ RV IRTHERSH Y, HuSED
HEE L CEL ORELZET 5.

GWR DIEIEFETH D MGWR 1L, T OMRECHiE
DR FigZE WS GWR 12 L, REmic v Nigx
REL, ZMOREREORr— VR RAeD 2 L BRET
5. oL, BREmIINY NIREZE 2 I HEE 20 K
THENH DD, GWR LLEIZFHEZETS.

ST, GWR X° MGWR # B JET /WIZEA L7AgE &

EI4MMIBIFR S R T LAFRFMARERAS
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L, Spatially Weighted Interaction Models (SWIM) (Kordi
et al., 2016) <> Multiscale flow-focused GWR (MFGWR)
(Zhang etal., 2019) 23T 5 5. SWIM IZITEZw, j; D
ERICHW D IEREAE [ EERE] & HIFEERE) T38&
HixtDFRRE) & L7 3 EOET ABBEINTEY,
GWR THEET H. MFGWR (% [F8A5 Hik OFERE) % 3%
LTHAZZEZ, MGWR THET 5. 2 bid, GWR X
MGWR & [ARICHEE IS DR R BICEREDR 5 5 .
2.2 ESF-SVC

ESF-SVC 3 Eigenvector Spatial Filtering (ESF) (Griffith,
1996) ZIICLTET NV TH D, nxn DZEMBERITHICE
Centering Matrix M = (I — 11°/n) THERK S 1151751 MCM
DEFRZ MVEFWT SVC 2R T, o 13, 1X
nxn OHENATH, VIEEEN 1 O nxl X7 ML THD.
MCM DEF~N7 b TZER R o — L0 570 2 22 R
e R L, ERRKEWVEAEICHETDEA~7 L
TR ZefiE, EDN S WEA ISR T 2 EA A~
FVIZRETR S E 2 R BT 5.

ESF-SVC OET/Vidx % k B OBALEE~Y b,
o % BHFL, I A x, (TS B I AT AR S, ER & MCM 0
BART MAPEX K L TEREN L O EA A~
VTR S LD nxL DATH, y O ZEHF~7 b
T DLl DRI bred5L, TRTRIND.

K
y=) %o (B91+EXy®) + ¢ 5)

k=0
SVC (3 &imdtimopid1 L 22f) 7 — v 2 FFTE®yE
OMTRBEEND. HEREICEAENT L OITF]
EONFR 720, FARBUT IR e D A — L D 22 kg &
ERBT L. AR T HEA NS ML OBERFIE
& LT, Lasso 2 ENREIN TV D (Seya et al., 2014).
His5 i \2F1F D ESF-SVC OET /L1, row,(EX) ZE®

DIfTERZ hLvET 5L

K

yi= ) xi (B9 +row(EV )+ (6)
k=0

LERYE, FEAOETNNEEEETZ LN TES.
y=XB+ T2, (xeeel?)yP +e ()

IIT, BEERLREA b, eIRERD [ FIAA
7 Mb, Y el kT 5 R b Th .
ESF-SVC |Z GWR ®° MGWR & Hiills LC, Fls728 2 &
b5, 1HBEFHEROVRETHSD. GWRIL, HLE
DHETE &N FIEREICE L OFHEEZET HDITKL,
ESF-SVC {3 — Rl D/ ZRfHiE TZEMA 7 — b E o T
HENTE L. 2 R, REEICERDZEMA S —LD
M REEOE 2 HEETE 522 THDH. MGWR b
WRETES, REEBIC R DNV PIRE R 5 EE R
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12, GWR UL EO#HE A3 % . —J7, ESF-SVC (X%
BEIZG 2 oNEEXT MVOBRBOREEZBL T,
B\ R D BB 2 KRB TE 5.

Z DX HIZ, ESF-SVC ITFHRED DI S L Bl 572
HERBLORS S L) HT GWR LVEATWS. #
Z TAMISETIX ESF-SVC # #4312 SVC # A L7-E
ETNERETD. MEPIETE, EAHETNAO 3 FEHE
O - py % SVC & L, Mt - S - Bk
NEBENEIZS 2 2 BOZEMM RGN L X L CRET
HZExHTET.

3. REFE

ARG 3 FEIEOET VERET S, BT/ 133
JRNEARER o, 25 HUBRMEAREL B, BRBEISCR R4y 22 TA3 SVC,
T2 a, fHSVC, TFT /3Ly B SVC TH 5.
ETNV LI TORTRINS.

a; Bj ,~vij
tij = kp'Q; dy;

@; = Qeonse + ToW,(E)N
Bj = Beonst + row;,(E)p
Yij = Yconst + TOW;(E)v + row;(E)§ (8)
Z 2T, @consts Beonsts Yeonst !/ IFIHFIZELREL, m, 1, v,
SELEANT MK T D57 b TH L.y i3]
ZRE, FEH i OHEHrow,(E)v, il j OFHrow,(E)§DFiT
FKHT 5. KE)E AL L= ROQ)DBEEEIEET L %,
W RN RIETHEET 5.
logt;; =10g P; * @const + log P; - row;(E)n
+108Q; - Beonse +10gQ; - row; (E)
—(log d;;)¥const —log d;; - row;(E)v — log d;; - row;(E)§(9)
ZOETNOHPALELEIL, logP; + logP; - row;(E)
log Q; * log Q; - row;(E) * log d;; * logd;; - row; (E) * logd;; -
row;(E) TH 5.

4. B - BFENOBEET —I~NDEREE
L -IREFEDIEIE

REFEOM A et %, AL 30 4320 - 55 6 [H1 3R
HHTE— > b Y THEO, FHEEAY —EOmE
g @R EMBEEE AV CRIET 5. <SR R
EOFRFEAR Y — 4 615 Hillk T, FAUHL - AR -
B ER - TEROSR & AIRRFEMEZ G T, B8R ;1%
THWFELE - A£@%) & [EMREE . aE-8% o
BEAEH L. BAEERIEPLIL, RIREOLRE A
DEfE> — CRBIMERERBEE A A AL 26, MR - 4k
gz At Lz mE Yy — o AR &E V5. ek
Q;1%, AN 3 AEEERR P & v AR B O S T A
Tz, BB, 3R EEA Y — o EOHEREHC LV F
L7z, AT, Ry — 2 RETINABEE,
JEEHIA O A0 D 4 Y — IS H A e 5.

EI4MMIBIFR S R T LAFRFMARERAS
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4.1 GEAZEHEMHLREETILOLER

WA oK, WY ZEE logP; - row;(E) & logd;; -
row;(E)H &, logQ; - row;(E) &logd,; - row;(E)[H]{Z 581
EOMHBENMZR SN, W%, ESF-SVC &7 /LTIt
EEITAEBIEIA Lien e, IEET LV ORAEED
HFEPNRREEZOND.

T, HANRY MVOBERBREHATOL KlogP; &
logd;; DBIRICIER T2 (X 1). log P IF M f T il As 52
2% DIZx L, logd I3FEAE AT fEIIEN R D, 2D
728 1 > Dlog PAZ K LIEH Dlog d;; A3t L, BliZlogd;
DEEPTREHIE D TIZITRAEDE L 72 5. logh; &
log d;; OFABALRELIE 0.01 & HEAHBI T, logQ; & logd;; DHH
B G RIERICEFARS C©H D, LvL, row;(E) & OEFEEE
It - 7= logP; - row;(E) & log d;; - row;(E) 0 fH B £% £ 1%
097 L72 0, BMNEDOHBENELS (XK2). FEMRFEK
HDlogdijIZ[R CEA X7 MOEREZNT 52 &M
HEOHBOFKNTHD. o B,y &TH SVC DET /L
LIXZEIRIED D, HREEIELHETE 220,

F72, BT 2 ORALEDlogP; - row;(E) & TV 3
D EH Dlogd;; - row;(E) [H], 7L 2 DlogQ; -
row;(E) &£ E7 /L 3 Dlogd,; - row;(E)[HIZ & RV IED A
BNFEET D, RELTET L2310k THESN
DIRBOEMBEITIFIER —CTH D EE X, EBEETT LV
TILHEH - ZEHBENBEIEICE 2 2B O =M RE
YL, HBEEABEIRIZS 2 2B OZE MM A X
TERWZ R LMNERoT.

ARALAE AL UEC B B RS - R E AR & D bk
OFER, PP STT IV 2 OJ BN HEAECHHA I E
NTWe, 22T, REIOBRETIXET V2 ZHW5.
4.2 HEHRTADOEATREMNE

FE B AR R, A HUBMERR LB, £ AL T D ZER 3 AT
ZHURL, ZORWREEZBRT 5. a;, BllidENE
N2 FEEEOMRNE 2 Hivd. | FEE s - E
DEENEIZE 2 2 RO LM REMEE RS L OMIRT
OB, ap BHRIVE, NARLEEFTBORNHERD
EHENL VLRI D, 2 BT EES B I
B2 DBEOEMNRENZXT L O TH D, a;- p;
DRENVE, EBHEFBBIOEENE O EFREIND.

X 3 (Za; DZERV AR Zomd. /NS 23 K72 EOH
D EFORBHIRIE, ANOOBENZEAERR DN, £
IIRABRNOREHBESHE SR EMRIND. @R
KEWVRRIME, ANOOENZIAERNS, F iz i3 Rk
BaiEIS0NEO E RSN D, WERBENTRR D DA
~OBENEL, Fio, BEENOREEEENE S IIR
SARE L, FLAMED. O ITBE OB E AL,
MR ATHEMEDS V.

WIZ, K 4 12B;DZEMA R~ T . ED NS WERL D
JAfEHIEE, ERENOREEEBEIES MRy, X
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FEIROTNETERD RV EMREND. HAKE 284-299.
WERL & R AN, IR EIEIS A E LV, £ I3 ST Zhang, L., Cheng, J., Jin, C., & Zhou, H. (2019). A multiscale flow-
HOENETENSWEMBRESNS. BRI T, £ focused geographically weighted regression modelling approach
L N O i BRI B O L0 T < L Rl I A and its application for transport flows on expressways. Applied
N =] il

Sci ,9(21), 4673.
HENCTHS . ZORELBEEZTEZD L, HLR ciences, 9(21)

Z O JEfg TITMARFATREMEDN B AY, ZBSMTAIRANEE L.

6

AT — TR K E <V — BRI R\ 2, 5%
BB EEANKE S h, BRKkE < HESHE 15 ‘ Ill
WHEMERE 2 5B, BLEL D, BOREERTIL, i =2
M & BRBE ORI T 2 20 B B LT ARV E 2 B, -
HEE RS ROMRAEE L < 72 7= ATREMEAS IR S 5. 034 S 8;“511m13
In(P;)
5. BhYI= =1 logP; Llogdy PO HAX
AWFIETHE, I 22 2SR B O T FETH 5 N
ESF-SVC #Z AT, ZEMWARKEEALLENET V& - 03
RE L. BB S— Y v Ny FHEORS - @ o o2
FBET — 4 & IO TIRETT VAHE LR, BB i
F— 5 DGR A T 5 ZEH REE 2 HRTE B 5 o
ﬁ%%wbt EREL, BREFATE, EENIEE 5 02
o2 B RBOEIM BTN &, R AR o
mﬁﬁizﬁxé%%@ﬁﬁmﬁ GPEZ R L CHEE T In(P;) x e ;

RN ERHALNE T,

Atk FHL - BB OMEER A RE 5 X5 BB
RE DR REEOF 2T ML e Rad 5. 7=,
ABFETITENET VIZ GWR ZE A LIZBEETEE
BLTEBLT, TNOHLEOURBANBIMKETHD.

M2 #1EANT bvEEREE L o TEO A

SEH
Brunsdon, C., Fotheringham, A. S., & Charlton, M. E. (1996).

Geographically weighted regression: a method for exploring

0.183 - 0.200
[ 0.200-0.220
[10.220-0.240

spatial nonstationarity. Geographical analysis, 28(4), 281-298.
Fotheringham, A. S., Yang, W., & Kang, W. (2017). Multiscale

. . . N [ 0.240 - 0.260
geographically weighted regression (MGWR). Annals of the A [ 0.260 - 0.280
American Association of Geographers, 107(6), 1247-1265. [N 0.280 - 0.300

Griffith, D. A. (1996). Spatial autocorrelation and eigenfunctions i M0 300028
of the geographic weights matrix accompanying geo-referenced 3 FEHUBIER R a, D 2SR A
data. Canadian Geographer/Le Géographe canadien, 40(4),
351-367.
Griffith, D. A. (2008). Spatial-filtering-based contributions to a
critique of geographically weighted regression (GWR).
Environment and Planning A, 40(11), 2751-2769.
Kordi, M., & Fotheringham, A. S. (2016). Spatially weighted
interaction models (SWIM). Annals of the American Association
of Geographers, 106(5), 990-1012. o5 <6510
Nakaya, T. (2001) Local spatial interaction modelling based on the [ 0210-0240
geographically weighted regression approach. Geo Journal, 53, 5 gi:ﬂ 2;;2
347.358 A =
Seya, H., Murakami, D., Tsutsumi, M., & Yamagata, Y. (2015). I 0.360- 0.390
Application of LASSO to the eigenvector selection problem in i B
eigenvector-based spatial filtering. Geographical analysis, 47(3), 4 A5 HUBMERRE; D ZE [ o3 AR
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PEA=T 4 T OREERE : BARDOK - 1 - /NBIE
HItRIZ 35 1T 2 #A
AR R EE-ER BS

LLM RX— R L fE3eH 3

Comparing the Accuracy of LLM-based and Geocoding with Traditional Methods:

Evaluation across Large, Medium, Small Regions in Japan
Shiqi Lu*, Yanbo Pang**, Yoshihide SEKIMOTO

Abstract: In recent years, large language models (LLMs) have shown promise for geocoding, i.e., deriving geographic
coordinates from textual place descriptions. While traditional methods, such as the Google Maps Geocoding API,
achieve high accuracy for structured addresses, LLMs can better interpret unstructured data, though their geocoding
accuracy remains uncertain. In this study, we systematically compare LLM-based geocoding with traditional methods
using Zenrin Telepoint data as reference coordinates. Across representative large, medium, and small regions in Japan,
LLMs show competitive performance, achieving mean errors of 0.94 km, 2.03 km, and 4.85 km, respectively, with an
overall average processing time of 1.65 seconds. These results demonstrate that LLMs can offer comparable or
improved geocoding accuracy relative to baseline methods, while maintaining efficiency.

Keywords: KHIAKSFEET /L (Large Language Models, LLMs) , ¥4 2—5 ¢ 7 (Geocoding) , A& #MARNT
(Geographic information analysis) , ¥&EEL#E: (Accuracy comparison) , HASOMIE (Japanese regions)

1. [FL®HIC

WA, LLM (KM SFEET V) OEREICL Y, HhHE
ZERMERO BEVER - B2 RifEE T 20 (FUan
YA 2, W 0S, BURSLEIAE/ZR L) NERITIENR - T
W5, Lo, EOEEMRHE, &0 Dl IMrENELND
) ZR D FEEERE ) ORRREIT o LIFE AR, mREE
eEMSEAHE IR TE, BERRE~OEHILY
x?k@é.$ﬁ%@&LMﬁ%@Iﬁ%$%k_if
AL, %Wﬁ%EL<@iT%5@#%@ﬁ¢é%%
O—HE LT, VAa—F 4 o 7ITESEYT, kA
?&t%&b@#%ﬁ&-@@ﬁ*ﬂ@%ﬁ%%ﬁ%L

DI HNLNTE. fIZIE, V—ARXR—=2DT 71
—F CIHEFEROBEMEZFA L TXF I~y F o
T AT O HiENH Y (Zandbergen, 2009), FEHAIFIETIE
fEh~ra7E7 0 (HMM) A E Y% (CRF)
DHAH DY — 7 ZAZ XTI EN TS, SEFET
I%, BIJ7M LSTM-CRF T /VBNEWEREE FIE L, (AT
RO EZ M LI EABEESh TV D)
(Zhengcong Yin, 2023).

—7J7, Transformer ~X— A ®OE 5 /L (BERT, roBERTa 73
&) X LLM (GPT-3 72 L) DISHANER SN TN S.
GENRE X° BLINK tWolzZ o7 474 V7 %E

AT 5.

1.1 HEOEM

ABFFED BIIE, LLM 2 fAW=V4a—F 1 v 7 Fik
ERERBITEE, AAROK - - BRI BT 5%
BEREFERICEM L, 2o BEHEEEE, Eilt, B
L ORERIRE ] 2 AR R - LT 2 2 & Th D, &K
WRIZE Y, HEFEOREEREERRAZHONICT S &
& HIZ, LLM O Ze M iE R RE /) % SRS ST D8l
S DIRGEL, HERBITE & OSBRSS EBEIGH |
OFRENEZRTZEEZANETD.

1.2 SE{THE

Mg fER (hAR= AR VA a—F 4 T
DEATIR T, FITHEARMFIE L KBRS EET L
(LLM) ZIEH L= FEORBRHERIND.

TR DUA R FIETIE, N—N_R— 2T IE

7 V1%, Wikipedia 7¢ & O RBUSINGHAN— R A& H L CHl
2 OBERMIRE 2R TV BN, FEREELT F 2 Fod
AFNCHRET DERRIEICIREN D . £72, GPT3 &5t
LLM 13 HRSBEHARRESIEN D & DD, RERIZHIES
— BN RAERFI IR, EREEE R A 1N EE Lo
ZEMHLMNMIEINTWVD (Xuke Hu, 2024).

IEEOMSE T, LLM &R FEORIG DN RE S
TW5. Hu (2024) 1%, BERA—7 Y —A LLM
(Mistral, Llama2 72 &) Z#FH%E L, A OWHMeSR
Je (HXETAY, E7Z L) #H#HEE L72%, GeoNames <°
ArcGIS 72 XDV A a—F —CEIEZTSGT D514 7Y
v RREEZRE. 2k by, HEkoFEL 2T AL
GENRE £V &5 (Accuracy@l61km T 0.91) 7o
HRESRICEN D REE TR L.

* OFARA FEKRF

kK

H
>
i

FHERT AR 7S8R (The University of Tokyo)
T153-0041  HAUHS H BXEISS 4-5-29  E-mail :
B R FZE R F A 278 > % — (The University of Tokyo)

6056775605@edu.k.u-tokyo.ac.jp
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2. BREAIXMREARAE
AT, EPIRTHEZT A MikeE LTEEL,
100 RO EEFTH 7 V&R LT, BATO GPT €7 /v
DIFa—T 4 VITRRNERGE LT, YA a—T 4T
WIS DIRE L R URE A LI 57280, 1)
R7uT NEBREL, OB bR LE. Tk,
ROLMEREDRWT B 7 N EFAWT, BARENO K-
HPRAE - /NBUR DA% 5 s (55T 15 Hus) 123513 % GPT
ETFADIAa—F ¢ TR EFHE L.
2.1 FRT—FER—XSAVEE
ARG TIE, BARENORK - H - /NOBBRNZ 5 S
74 s Hk, AFF IS HUREXIG LTS (FR1BR) . &
M5 7 2 & B2 100 EOEEFT > 7V A2 L,
X0 TH - &ML~ LETOFEMEREETT—F %
INEE L7=.

F1 B

ﬁfﬁ HERT R - THETA 4
UL, F, B, ALBRT
P~ FORCHD, KRB, ARiers, LR

(AeigiE) , &M &R &)
SR CaJNE) , ke (B
BRAPSY i B, BEART (REARR) , mkad (F
JIR) -, &R CGEFRR)
FOUAT (BRI, EARERT (s
B, KRERT (F&RR , NEET
ENR) , #EF CeifiE)
AT B B EMEEE, €Uy TLRA Y T

AR

— g EHW., ChEL2EOEF4S - FHL XL FT

ERE AL EAT I TR R AR T — X T H .

EB, ERBY A a—F 4 v/ T OHKD 2o,
Google Maps APl I & Z2{ETEIREERER—2F (v &
LCaEL, LLM i J e O %47 5 12
2.2 FRETL

ARFFE T, Azure OpenAl D GPT-4, GPT-40, B L
GPT-O1/GPT-O1 Mini Z X417, HIPRPEREHEERE )] 2 1
FE L7, WIHIRGEORE R, GPT-4o ITFEFEA Tk bHEN T
WS, B 2 ERTICR U CR— B & )3 2 R
RSN, —J7, GPT-01 XU GPT-01 Mini T
X, ZOEGEMEITBE SN o7,

ZZ T, GPT4o Ik LT T 7 bt WEEZIT,
EHEMEOME & B 2 MR Lz, REmie, K7
HOERT A MEMETIE, WEAAT 2T MEewH L
72 GPT-4o ZfEM L7z.

2.3 Joy 7k

AT, LLM (2T 5V F a—T7 4 v T ORI

(a7 b)) #&%EFHL, BER EBIOCHDOREE

EI4MMIBIFR S R T LAFRFMARERAS
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M7= 9107 r 7 F Tk GPT-4o (28T 59 %D
BEREEN ) SNTD, BT m 7 T 0 xtf
AR S, BEEMEOMK IR I, REmMIcl
BLLETv 7 FOFBITILLTOBEY THhDH.

1) AEFTOREERISET R

BB, TXITR, 07T A, FH# - 5 &V o o EFTO
B/ 2 BIRIENT S D L OWIRL, SEBERISSED 2
& THEFTOBMR R L7z,
2)  KEEEOBRAYHIK

M SN DR - BREOREZ D72 & H/NLLT
6 HiLL L EHRE L, MRS e A AL R A PREE L 7.
3) AR oEEt

JEAZ 5 X OMSBEEHR O 1 & s 2R E L, T -
AL~ O 2 B S L.
4)  EMERROEA

W) ST A 2 R L2 XD fili & sk
5T LT, AHEFEMESE AR O WRE 2 K L7z
5)  Few-shot =¥ DiGH

Y, R, HHEARETOY L INERTRT D few-
shot IRUC XV, ETANSFERERRLICHIETE D
XOFmEL-.
INHOHEBRICEY, KT a7 M EAVE GPT-4o0
IZBWT, HFEM | & EEEA ORI R Sz,
EATa T b

I have a place in Japan: "{place_name}".

Please provide the approximate latitude and longitude in decimal
degrees.

Format your answer as: "Latitude: xx.xxxx, Longitude: yy.yyyy".

If you don't know, make your best guess.

WEFHTa T

You are tasked with geocoding a Japanese address to latitude and
longitude coordinates.

Instructions:

Read and analyze the entire Japanese address carefully, including all
hierarchical levels.

In Japan, addresses generally follow this order:

MEBERTR — T (FXKITH) - X - T - TH — &
— 5 - EWs - HEES .

Note:

- For B ¥8EH0 i (designated major cities such as Yokohama,
Kawasaki, Osaka), "[X. (ku)" refers to administrative wards under the
city.

- For HRLHRHRRBIIXES (Tokyo 23 Special Wards, e.g., #71{& X,
H#E[X), each "[X" functions as a municipality itself, equivalent in status
to a city.

Use all details provided (from prefecture down to the smallest
available unit, such as block, building number, or apartment room).

Provide coordinates that best match the complete address provided.
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Do not truncate or ignore any part of the given address; use all
provided details to achieve maximum accuracy.

Here, maximum accuracy means:

Latitude and longitude must be reported with at least 6 decimal places
(= within 0.1 meter precision).

All hierarchical components of the Japanese address must be
analyzed.

The output coordinates should correspond to the smallest available
unit of the address, not a higher-level centroid (e.g., not just the ward or
city center).

Avoid duplicating coordinates from previous queries; treat each
address as unique.

If uncertain, provide your best possible guess, clearly based on the
complete address.

Output Format:

Exactly format your response as follows:

Latitude: xx.xxxxxx, Longitude: yy.yyyyyy

Do NOT use any Markdown formatting such as ** or *; output plain

text only.

Examples:

Example 1:

Address: it HEX FHHEEL 1TH 16-9

Latitude: 35.647322, Longitude: 139.696684

Example 2:

Address: #FI  FETZEX FHART 14—-28—-1F

Latitude: 34.977019, Longitude: 138.392405

Example 3:

Address: IR KREFESEJIFT  KRFHRET 2499

Latitude: 36.255081, Longitude: 136.9023

Example 4:

Address: FUEBIF TSRS ARRETIUSE -

Latitude: 35.003803, Longitude: 135.770556

Now, please geocode the following address with careful attention to
the full details provided:

Address: "{place_name}"

Provide the coordinates below:

EI4MMIBIFR S R T LAFRFMARERAS
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B () 23HIL, FLOFHERRETEE L.
3) JEEo—EM (EFEEOR )

HU ST AR S B BAERTICH L C Rl — R & 72 5
FROFBAEZKRL, TETNVOH OO —EM - wEigEd: %
PTG L7z,

3. EERER
3.1 FliHEER

AT TIX, BKIIIZ GPT-40 ZEEMT 510, #Hk
DET N ERGE UTRE, W, BLOy —4H
BHED 3 SOMRECHREEKEZIT -T2, FETLVORE
IFLLFOEY Th D (FK2~F 4, BALX km BILOR).

K2 KETNVOHIEIE

BTN VHIRRE BHERE R/NRE
GPT-4 1.76 0.742 0.002
1.041 ~ 0.683 ~ 0.000 ~
GPT-4o
1.289 0.830 0.001
GPT-O1 1.091 0.721 0.003
GPT-O1 Mini 4.417 3.595 0.002

2.4 FHEFEIR

AWFFETIE, 1ERIFE (Google Maps API) &~ — R
ZA &L, LLM 7 & ORI & o THERE 2 RFifl
T 5. PRI TO 3 S Th5D.
1) JEEEREEE (PREERRE)

EFETAPRHDUIEE - BEBSLON—2T A~
(Google Map API |2 K D J#EEH /1) %, SRR (B Y
UTVRA U N T—4) LHEL, FET IR IO
T L ORRESNN, HRE, EEMERAEA S - FHIE L7z,
2)  ALBRIRRRY

KT VDMEFT AT D 6 AR 7 £ TIZE S 5 FH AL

£ 3 KET NOFELLIRIERH]

SEH)
EF) LS|
)
GPT-4 2.48
GPT-40 1.83
GPT-O1 15.51
GPT-O1 Mini 473
Fz4 KETTNOEEO—EMNL
EFI RS
GPT-4 78%
GPT-40 59%—0
GPT-O1 0
GPT-O1 Mini 10%

F2~FK 4 XV, GPT-do [T PHIREZEN I/ N CHERE 1B
B LRIEFC, BRI ELS, e bEICL Y
T—HEERE 0 IIMADIENARETH-T=. —F,
GPT-O1 (T ITHR&E Wb DD, BRI IEH I
£ <, GPT-O1 Mini IFFRZENKE S RLETH 7. GPT-
4 IRBEITTRETHL OO, HEERNE A RE
THol.

LEXY, RIFFEORERTIL, dEFAT 2T b
A L7- GPT-40 ZERH L7=.

3.2 AXEE
321 FHBEEDLLR
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Traffic Flow Analysis of Medical Staffs in the Intensive Care Unit of a University Hospital

Kazuki MITAMURA?*, Takuya OKI**, Yoshiki SENTO*** Takuya SATOMI****
Nobuyuki NOSAKA***  Ayako NOGUCHI*** Wataru UMISHIO**** Kenji WAKABAYASHI***

Abstract: This study focuses on addressing congestion and traffic line issues in hospital intensive care units (ICUs)
by analyzing the movement trajectories of medical staff. Previously, we collected 24 hours of 2D point cloud data
using 18 small laser scanners at T University Hospital. We then developed a method from this data to extract
individual movement trajectories for each scanner using a fine-tuned YOLO v8 object detection model in
conjunction with a Kalman filter. However, because the scanning areas of the individual scanners overlapped, the
same person was detected by multiple scanners simultaneously, resulting in duplicate trajectory data. To address
this issue, this study aims to use the trajectory data from all scanners to reconstruct continuous movement paths
across the ICU space. Analyzing these unified trajectories, we analyze the actual conditions of traffic congestion
and flow conflicts. The results will offer insights into improving operational efficiency in critical care settings.

Keywords: B 34T (traffic flow analysis), L —4 A % % J~ (laser scanner), = > £ = —# £'2 3 1 (computer vision) ,
KB (university hospital), HEHVEHEE (intensive care unit)
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