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TR e BEEOBfR (Fundamental Diagram: FD) &, THEIRORHEZ AT 2 L CIFFEICEE LR T
HB. BITEMD FD LB OTEIRD & 5 AR LM AT, #EITARPER 2 HTERLIHAE
WCHEZRIZT Ik THET 5. — A TREFEWRICIE, AMORELZEEER L - HTEROE
TIID e otz & TTAMETIE, TOX5RFEEEZER L BTERD FD OET V%, BTEODIHE
THHROAEDOHEI&ICEH LIRS 5. BARMNCX, AEEHRS HEFO0H Th 3 HHat#icE-o
CRETEZHIAEBE 272 ERL L, BEAMOBITEIRIZEE T 258 ICIIMENMRT I 7%
o, MAOFMOHELIRINCER S 52 HTEIRD FD Z18LE L 7.
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[R50 7 ¥ OB TE M O WY R EE A D 7=
WX, BITEROFERIEIEST 2 08035 5. iFE
L ZE DA% % 72 3 Fundamental diagram (FD) (325347
BMOFHE MRS 2 ECIERICER RS TH 5.

SHICEZET, ZL DMFEENSITE FD DY
MEfToT&ER LE2—@mYX T, HhoxAf7
MFD WHER 52 3 Z e pMfefahTtnal, 22
T, HAD &R A FLIEM-1 1R LR, W5
MR, TFERO & 5 I TEPHEBATED X S
RHTNCHEA TV S0 EEKRT 5. HITEROBIH
5, BT AIRO TR E TR O TRFEIC AT
BB EPRBENTNSEDD, £ WHFFETRD
TR T 2 IS RE L 7BT7E FD DET LD
RN TWBY., — 5T, HFBRD X 512, 17
FHRFALPAEEZDFTRET 255D FD IZDW
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DT —=REFTr —RARART A THWA T =X 5%
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PROWCERLT 2 HEIEM RIS, Ly
L, MET— X EEEZ R0 72 D BORN 2 P00 23
LWV, ZORMBEICRLS 2729, RIFFETIEIAE
WS METEO—DETH 5 HIAME Y 2V 5.
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B3 2 I5EICI3E A X B TV 579,

AEFFED HINE, B A R o & 4 7 125EHTHE
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WAlT A e R LICREHTE2ETAEERNMLT 3.
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EWO AT ERIRE T 5. £, EEOHBAT
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W21, L7235 T, Lane formation 25 Z D 5 %
A AGE, TFHED XS RMEE O TEBOH
NPRET DMNDEA T BNMENIZEEZ S
ns.

(2) AMEDEX

AESBUE, HRMEFECBWT, AT 20
HMOHIEDDORESZRETIMARTHS. KREX
N OHEFT—X 0,,0,,...,08 DAEEDE v T ()
DEIITERSND.

V1=1—R1. (1)

272 L,

R1=,k?+§{ )

_ 1 N _ 1 N .
clzﬁjz;cos(ej), 51=N;sm(9j). 3)
JEHOAET—X 0, IZXM LT, (cosf;,sinh;)7
X ZDAET — XD EEROBMARY ML ERT.
£oT, (CL,5)T & NBEDOAET —XDHEMNRT b
NEEMRL, REXZI/NIZLTERLELEZDDT
Hb. TIT, RZML(C,S)T DREXTH B R,
F025 1 ETOEZED, ZOMEIKEWVIZEH
EF—RZOWLED NIV e EERT 5. filx
X, K20l X512, VR EDAE T —XHEHE
F o TWBIGE, BEMARZ FADECHAICER X
N5 R 1ITEWERE 5. —/T, K-3 D
DL, MPWVED HPNTHET — X HIE-
TWVWAHE, FPVESRZDOHART ML H
HLEWV R IZOWCOWEZES. ZOR Z 155

=1
_
—

(@ TOABET—X (b) &R LEXZ1/NLT

BN ML

B2 fEESHE Y VNS WS A OB

(@) TRARET—X (b) BERLERE%Z1/NL 7

BRI L

-3 AEDH v BIREWEZI S 5E DA



I ZE TERINDAETE v X, —MBRIVIRTHL
ERBRICEDR R EWIZEAE T —XDESIX D 25K
XWVWZEEIRT.

Lh L, AESEICIES VX LRFENCT — & D
HOHIEs TV AEAELEBOY — 7127 — & 0%
LTWAEARXBITERVE VWS MEEAYND 5.
il 21X, K-41Z7/RL7=, Orad 5 ¥ nrad AN Y —
I IMFET 5558, Orad /3[R, n/2rad /5], mrad /5
MB XU 3r/2rad FENI Y — 7 BIFEET 355,
NTOH BN —FRIHET — XS IX o TV 55
BOPITZENENAETHEZI AT 2L E05E
fHiX1eR-oTLES.

ZIT, TNHDTF—XDORXANET 2720, Hil-
BEETRE LT p KAES# v, 2 T TEERT 5.

vy=1-R,, @)

R, =+/C2+352, (5)

ZZT, p 3 OMENEZZTEOEAKTH 5.

p TAESBIIAE T —XOfEE p 5L TH 565
HLUEAEBIWCHYT S, ZoBECED, p X
AESBUIAE T — X2 2n/prad T 21— 03 F
T 25BN B S 2 WS RHEER RO, il
X, -5, K-61ZRL7z&D51Z, ¥—7Dnrad Z &
WCH BT —XTIE 2 RAETED 01225 —JT,
ZIOTRVWT—=XTIZO0 AR5,

p RAESTBOEERZR-1 1TRT. HoilTr—
R 1R LTz 4 BEORND X A4 TDHITED
AT =X TH 5. FAARD 2 KAEZH v,
T FEEI-A O 4 XAEDE vy D/ S 2B Z B -
TWbZenb, METFT—XIZ2n/prad TEITE—

{OET[3_TI} 0 n 2 3591
2772 ’180°180° "’ 180

(@)0rad, mrad AAICE—%  (b) 0rad, n/2 rad, m rad,
3n/2 rad AAICE—72

(0 £TOAHM@IC—H

-4 AESED 1 L5 59HDH

{0,0, 7, } {0,0,2m, 27}

(@ TOBET—% (b) fEZ2fEL7-BET—% (QBHRLRET%Z1/NLE

BRRY bV

-5 2 KAEITH vy DVNE VAT LS 555 DB

7 DFIES 28556 p KEE TN S I3 @2 IS 2
EHERRTE 5.

(3) FD OERAL

BATE R+ D 3L EE = Lane formation D& ¥ %
RINATREL BITE RO FD 2 2R T 5. LT3
BTSN LRBEIED FD %2, AEITHER 2
RAED B 2 AWTIBE L TERLT 3.

a) R—Rr93FDE#K
ER(LDR—2 L F 2% FD OREIE %2 (7) 1R T.

J = min(up, C). @)

72720, JIEWE, u \ZEHEREE, p XEE, Cik
KETH 3.

RN Fup < C TH2HEHBEREBTIEREIZ
J=uplZ, up > C THHIEMMA TIXMEITAE
CiIcHlfIanI=Cha2Z2EKTS. 1,
BEENE L RDICONTIHREBEIET T 5 X 5 1M
RIRMEERIZ Z DT LOMRIZLEVWSE DY T 5.
b) AEFEOXEDHAAA

F3, BITERLOREOHER €T IMIHAR
. BITHEOHRADPE—Y— 27 THIUE, ZHEIXE
CAEFRELRN. —F, RAIEITHRMOSITHE
PIFELTWVWAGE, REEIEELLTVWEEZD
N5, 22/ THNEZLDIC, AESEIZAET—X
DEBHIEY Z2RT. LidoT, HITHEDETHM
DAEDTHDPREVZIEREOHENRKENEE X
B5ZeMTED. 22T, BECHPAEDTE v 2K
EWIEYNELRZBDELTETVVITE. 14
B, AEDE v (XEHHTOEE u I3 ELE IR0V
bOr T 5. UL, REERIISITER L O
FHET A OB SIED DEEWICEDL S THELIIC
LWVWEEZLNET-DTH 5.

&1 X1 OBTETUCSHT 2 p ZAEL D HEH

mhorA T Vi Vo V3 V4

B7 AR 0.013 0.052 0.112 0.187
R AR 0.958 0.166 0975 0.514
+FEETR-A | 0958  0.947 0.931 0.459
+FEEIR-B | 0.303  0.944 0407 0.245
{0 g ™ 37”} (0,7, 2, 31}

(QBMLREZ1/NLT
BN b

(@) TOAET X (b) fEZ 25 L 7= AET — &

-6 2 XA v, IR EWEZE S 55 D



RIZ, Lane formation DFEEEXET ) V73 5.
Lane formation 23543 2 W AR TIX, BHITE DK
BATNEEA rrad T2 DOV — 2 %5079, 22X
AEDHBUI/ NS 12 fE% & 5. Lane formation 23F4E 3
L2586, REMENT 2 EZ 00570, Lido
T, BEIREIX, 2 RAEZEDK =W Lane formation
DPHAEL TR WIRNLD X 4 7 TlX, Laneformation
DRELTVWIGELHBRLTEENMET T2 #E
AoNDE. XoTERCH 2 KAEDH v, PDKE
WEENZLKBE2HDELTETY VT 5.

X542, BN O F DD E Z £ 7L
HAaiATe., BEOFEZ ERILT 572012, wall ratio
ISR r X Q) DX S ICERT .

r = T (8)
ZZT, LIFEEROBEEEZEL, 11ZZ2D5 B8
ITEDPHE T2 EXZ2RT.

-7 D K512, EAEOHELY 72 EL 25
&, BR2EMNZERTIE r =05, TFEBTIE
r=0t725%. BENZIFET I, HITEIEHHIC
By, WMEOBIPKTT2EEZILND
728, A& CE wall ratio r 2315 12O THEA
LTINS,

FEdoERICE O X, RECIX, AEDTH v, 2
REETE vo, B X wall ratio r DIEIMZ L 725
TETT2FHEEINS., ZNHORELEEL -
FRCERN O DX IFHRT 3.

C=Co(1 =y1vi =y2v2) (1 = ywair). )

7272, ColZAEDE v, 2 KAEDE v,, BLU
wallratior DFEZENR L VGEDEREERL, v, ¥2, Ywall
A DNRTX—RTHD.

~ i

7
2
"

BMETY 7

B1-7 Wall ratio

HKOZRDNDIKRATI I THESZORELE
B L= TERD FD EF AR (10) D X 5B S
ns.

J =min(up, Co(1 = y1vi = y2v2) (1 = ywanr)).  (10)

c) FEt

X (10) & minimum BAEZ HWTWE 728, W7o
AAHERR DT IET 5. NI X—XHERETD
WO HnEEpIcT 5720, X1 TERINS
log-sum-exp (LSE) BIEUE FIWCFEIB{L T 5.

J=1

LSE(x1,x2,...,x,) = log (Z exp(xi))

~ max(xi,x2,...,X,). (11)

LSE B%4Z maximum BIEL D72 50373 TH D
N (12) D & 2 IZFEZ ALUE 2 4UE minimum BEE%
BT Z2dTES.

—LSE(—x1,—x2,...,—X,) ~ —max(—xy, —Xx2,...,—Xp)

=min(xy,x2,...,X,). (12)
LSE B2 /5% AN 2 7= Lo (10) A L
FElbs 22T, RNUA3)IRLEAMFETIRRE T
2 H(T7H FD £ 7 ILH5ERT 5.
J(p,vi,va,r)
= —log{ exp(—up) (13)
+exp (=Co(1 = yivi = y2v2) (1 = ywanr))}
X-8 IZAFHICTHAL /=T LOBEAR Z/RT.

Cp|mm = = m = m = m e
!
/ X (1 — T — AJ’ZV‘Z) (1 - Afwallr)
™ /
) C [N Ty M-
5t ;
#2 /
‘ /,
—= N—ZETIN =(7)
-- AEEEETTIL A(10)
0 — REETIL *(13)
0 =
mE P

K-8 EFAERK
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TR J R p 13T — 22530 (14), X (15)
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p==i (15)

2 2T A RIRBRLHE 2 WE T 2 RE2EHIEE, Jd; &
BATH s DRFZEMETIN A NZBE) U 7-MBEEE, &
HATE s DRFZERIGEN A WEBE) L 7-RKRRTH 5.

AWFFETIX, RFZERFEIR A 1, 10 7 x @R
IE/TEREIE (-1 RHRER 7, B MIRTIE 5 m U7,
ZFRLANDTADZ A T TE4mPUAFTHZ) 2L
7z K9 ICEIE I NIRE T L EE p ORFKIZ R
L7.

AEITR v X 2 KAETEL v 1ZRDFNETHELES
T=XDLEE L. ETESHTEOETAEE 0.2
WERIZo2s W IcAE T -2 LTl 2.
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T, i L7 — 2 E2HWTHR A &2 O AESES
2 RAESECEFHE L7z, wall ratio r 15 (8) IT/R
L72ERIC K-> TRHEL, HAMIR, MR T
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J = —log{exp(—up) +exp (-Co)}. (16)
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MODELING PEDESTRIAN FUNDAMENTAL DIAGRAM BASED ON
DIRECTIONAL STATISTICS

Keiichiro FUJIYA, Kota NAGASAKI and Toru SEO

Understanding pedestrian dynamics is crucial for appropriately designing pedestrian spaces, such as
corridors and public squares. The pedestrian fundamental diagram (FD), which describes the relationship
between pedestrian flow and density within a given space, is crucial for characterizing these dynamics.
Pedestrian FDs are strongly influenced by the direction of pedestrian flow, such as uni-directional, bi-
directional, or multidirectional. Many researchers have analyzed pedestrian FDs with individual models for
these specific situations. In this study, we propose a novel model for pedestrian FDs that can consider more
general distribution of flow direction by using directional statistics, which is the statistics that deals with
angular data. First, an indicator describing the pedestrian flow situation is developed solely from pedestrian
trajectory data using directional statistics. Second, by incorporating this indicator into a traditional pedes-
trian FD model, we propose a new FD model to represent various pedestrian flow situations. We applied
the proposed model to actual pedestrian trajectory data and validated its performance. The results confirm
that the model effectively represents the essential nature of the multidirectional pedestrian flow, such as the
capacity reduction depending on direction distribution.



