BB FREHNEE Vol.59 No.7 1435-1444 (July 2018)

KBV INLF L -V 2V MR I 2=V a3 vD20D

PE o ORI PR SR T 14

fRH L) P RN R RO E et R e

ZfTH 2017F11R22H, #%$%H 2018F4R4H

BE . YV FL =YV P AT ARRHATARERY I 2 —2 a3y T}, Ef=—2 = FOREEE
ML 72358 2 TE 5, L2 LK ZER Sy bT—2 2R E L2y Ial— a2 T a
B, REREERICEST AEEER SR NV Ay 7 e b KR TREELE N2 B8 Ay v T — 2 %
WERBHERTEZIRET L. 20L&, @ty T — 27 OREBILICHV 28T & REERITV L8
PrEZXHT A ET, B—OBEERSY T =2 2V TIT—Y 2 v b T DRI ERE R %
WO TEB L)L, WEHOEOERE A Y NI — 2 ZiG b L2ERICLY), RETEHWLZ L
TR O 7 T ) IR A2 HERTHED 1.5~2% F CHMTE A 2L 2R L7

XU R IRBERT VT AL, BEAy b —7, TV by Ial—Yay, KlYAT A

Layered Route Search Method for
Large-scale Multi-agent-based Traffic Simulation

SaotA Fukupal® Kazuki ABel:®?) Himpekr Fumnh©
ToMONORI YAMADALY)  SHINOBU YOSHIMURA®!®)

Received: November 22, 2017, Accepted: April 4, 2018

Abstract: Traffic simulations adopting multi-agent systems can reproduce behaviors reflecting the charac-
teristics of each car agent. However, in the case of simulation targeting a large-scale road network, the
computational time required for route search becomes a bottleneck. In this paper, we proposed a novel route
search method using layered road network. By dividing the property used for layering road network and the
properties used for route search, the proposed method outputs various result on a unique layered network.
Through the experiments on the road network at Tokyo central, it was demonstrated that the proposed

method can reduce the total query processing time to 1.5-2% of that by the conventional method.
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B 1 Hibr v M7 =2 of) [12]
Fig. 1 Example of simplified network [12].
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4.1 EEx v hT7—7DOREEL

M2 TR L7ty T =213 L, Bk L ~Nvo L%
N=3&¢L, vy 7O LE%ZENZFN Hypee = 10,30, 00
ELIGAEDOREAY NI =2 D) =N, ) v o B
= 1IRT. B, DEEEE{LSNAY bT -2 %
LN (Layered Network), FEE{LENBHOL Y M7 —7
% nLN (non-LN) & Eid 5. HELIZE > T/ — N,
)2 7 BDHIBENT VDD, Hypgw DRKEWVEEIF LA

2 RHEILLHOMEA Y P T =2
Fig. 2 Road network in Tokyo central.

K1 BEty bT— 27O
Table 1 Specification of layered network.

num. of nodes num. of links
Hyaz | n | (ratio to nLN) | (ratio to nLN)
nLN - (1) 16,710 (1.00) 25,432 (1.00)
LN 10 2 3,521 (0.21) 3,704 (0.15)
3 1,234 (0.07) 1,276 (0.05)
30 2 3,881 (0.23) 4,159 (0.16)
3 2,613 (0.16) 2,764 (0.11)
00 2 4,043 (0.24) 4,386 (0.17)
3 2,903 (0.17) 3,085 (0.12)
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B3 LAV1IORy bT—2 (Gr)
Fig. 3 Level 1 network (G1).

M4 LAL204y FT7—27 (Ga)
Fig. 4 Level 2 network (Ga2).

5 LXV3IDAy FT—2 (Gs)
Fig. 5 Level 3 network (G3).
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FTELLZA*TVITY) XL, BEXO, N =3, Hyew =
10, 20, 30, 40, 50, 60, 70, 80,90, 100, 00 & L 7242 ZFE% H
WTRHIER T o 2B, T—J v MEZS L ORI T
VAVERRE] Thorer 38 £ I SNTEBE O T A b Cropar,s
Ay b7 — 7 BEREALIZEE L - R R T, DI A TR 2
IR . bET, BFAERD A¥T )V T1) X4 LR
L7238 0% 7 =) LEKEH, a2 A e Z2hEehE 6,
B 7 2R3, Fho Mono-A*, Bi-A*IZZ M ZNH I
BRO AT VTY XL, NHTHEZRO A*TLVITY AL %
F¥. STTHHIIHERD A*7 LT X4 L IZRERBILO
WEARNET 72012 3.2 B ClRR7REESHEZ A nLN L
TIro72bDTH Y, B EZIRIET 5 FETIE R WS
LIZEE SN,

BEEAL 2479 2 & THe 7 =) AUERER 13 B 5 iR R O
A¥T N T) AL LI LT 15~ 2%ME T TSN TH
D, REFENZGERY I 2L — ¥ 3 v OFHERE R
RKELHFEGTHRERZ R L TWA.

R TRET 5 W REBERIE, V7158
NAEEHRDI H 1 O%EELTHy b7 =7 2 BREILL,
FD)IZTCI—Y 2y NITEIZER L) Y7 aA %
W, TV TR LIRER AR T LD TH 5.
F2ITRLEBRI AL Crotar EEA we, BG5SN8
IARNTHo72D, Hpge = 10 & L72GEICHT) EN728E
FEOFEBEOEEORFNE, Mg OB RS ER LT —
Vv MEA T2385x108[m], ROAEA LT - =
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BTN T XL & TR RS OFE R

Table 2 Route search results using each algorithm.

agent group A agent group Ag agent group Ags
algorithm Ttotal Ctotal Ttotal Ctotal Ttotal Ctotal Tpre
[103sec] | [108m] | [10%sec] | [10%m] | [10%sec] | [108m] | [sec]
monodirectional-A* 39.578 2.890 47.894 3.785 66.860 6.661 0
bidirectonal-A* 17.974 2.901 21.734 3.803 22.755 6.680 0
proposed method, Himax = 10 0.905 3.247 0.960 4.270 1.023 7.413 19
20 0.840 3.326 0.863 4.402 0.918 7.701 26
30 0.890 3.070 0.928 4.057 0.971 7.086 38
40 0.905 3.051 0.977 4.053 1.029 7.139 57
50 0.954 2.988 1.029 3.953 1.089 6.952 80
60 0.947 2.971 1.025 3.929 1.161 6.894 103
70 0.933 2.957 1.014 3.903 1.120 6.878 133
80 0.929 2.952 1.016 3.893 1.121 6.856 157
90 0.900 2.956 1.000 3.899 1.089 6.872 188
100 0.939 2.948 1.068 3.888 1.124 6.837 | 219
0 0.889 2.949 0.952 3.889 1.049 6.832 327
o 4.3 EE
E as
b= 0L X - - N ., . -
= gent roup Ay —s— DT, ETRIT L o TS LB REH OB 2 T
82 ol agent group Az L, Z0E&EMRMICEHET 5. B 8 13727 &5 IS R
g# Eﬁr Hmax =100 k— Lf:i%{_j\@l'_f/l v ]\ﬁ A1 @%%E%,
ggmg; I—Vxy MEA ORBETH L. NP oKLY 2
ES : F, &, ROV 7R3 PS5 LRALC, FhEhd
g 10—3 T T N TN SN NN MR NN MR N N B 7?;%;&7‘)3‘1’ 2, 31,1};'(‘})7“):&%%@-
= T 0000000000 . " "
II°NRIEERESSE SRR 1R Al |2 b 72 o CHEREL 1 7 B 3 B
5% y EO) Ty ETHECRERVIBATEY, AMO FT A 3%
max
=~ BIRT A8 E L TIEIAAREVR S, — /T —V 2>
6 #&7=UABRROLE MiEA BLU A ORBIIEREIREV OO0, HifH
Fig. 6 Comparison of total query processing time. IPLEDY >/ CHER S-S Y T REETH Y, 4otk
120 ELTRS EHBI 0L BRI AR 5 157 4 /38
agent group Aq —x— N L 7 > NG :
el T CTORAKCIENEFR D, b TanYa b
22 110k agent group Az —>— AL L Ay DREBOHRBTRELZ2Y) Y 7 2ERLTwE I L
3L 105l bHB. 7272l Ay ORBTIR B3R LD v 7 &
T
52 100l WY a5H3), BEOHIAETLE FIS AT % 6
2 o5l ELTED, REARRENTHSLVLE. T A—5 0
1 1 1 1 1 1 1 1 1 1 1 1 1 éﬁ ﬁkﬁs‘%‘g‘(\\%é .
0.90 ik
$5X°P883I33RI33 8 9 3D SR, £NEN Hpee = 20,
o 5 Y ~ 2 R
s < Hypae =100 & L7260 =2 2 v M A DR TH
[} mazx
Hmax — N - S - r.
= ; B BIEREEOMIET G, Gs AT S IF, L
7 #aA oK Fov FT =0 % fli) & THICAARGERAEL TV A,

Fig. 7 Comparison of total cost.
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REFERIRAZHELZRIEL 2T VI) XLTH D
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B8 WmEMEHBIUT—Yxy ME A, Az 275ERT 55 (Hpmee = 100)
Fig. 8 Shortest route and routes selected by agent group A1, As (Hmaez = 100).

s by

et

B9 WERHKBLUL—Y 2y M A PSEIRT 285 (Hmnae = 20,100)
Fig. 9 Shortest route and routes selected by agent group Ai (Hpmaz = 20,100).

cost ratio

0 5 10 15 20 25 30
minimum cost [103m]

10 HE'}—{/J\:IX ]\t:!7\ ]‘H:O)Ba'f;é (Hmaz :20>
Fig. 10 Minimum cost and cost ratio (Hmaz = 20).
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