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Approach to Smooth Traffic Flow
by a Cooperative Car Navigation System

ToMOHISA YAMASHITA, ! KorcHr KuRUMATANIT!
and HIDEYUKI NAKASHIMA 2

With maturation of ubiquitous computing technology, it has become feasible to design new
systems to improve our urban life. In this paper, we introduce a new application for car
navigation in a city. Every car navigation system in operation today has the current position
of the vehicle, the destination, and the currently chosen route to the destination. If vehicles
in a city could share this information, they could use traffic information to globally plan semi-
optimal routes for each vehicle. Thus, we propose a cooperative car navigation system with
route information sharing (RIS). In the RIS system, each vehicle transmits route information
(current position, destination, and route to the destination) to a route information server,
which estimates future traffic congestion using this information and feeds its estimate back
to each vehicle. Each vehicle uses the estimation to re-plan their route. This cycle is then
repeated. Our purpose in this paper is to confirm the effectiveness of the proposed cooperative
car navigation system with multiagent simulation. To evaluate the effect of the RIS system,
we introduce new indexes; new use incentive, continuing use incentive, and social diffusive-
ness. In our traffic simulation with three types of road traffic networks, we observe that the
average travel time of the drivers using the RIS system is substantially shorter than the time
of other drivers. Moreover, as the number of RIS drivers increases, the average travel time of
all drivers decreases. As a result of simulation, we confirm that a cooperative car navigation
with the RIS system generally satisfied new use incentive, continuing use incentive, and social
diffusiveness, and has a effect for the improvement of traffic efficiency.

1. 0O00ad

oobooooobooooooooobooooooooo

t1 000000000 00000000 o00obOobOOobOooboobooo
National Institute of Advanced Industrial Science and 000000000 oDo0o0oooooooooon
Technology (AIST) Dooo00O0'Yo000O000000000000
f2 0000000000
Future University-Hakodate 00000000000 100000000000

177



178 ooooooooo

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000®Y 0000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000

2. 000000000

2.1 000O0D0O00O0OOO
0000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000D0000VICSOOOOD0OOO
000000000000000VICSOOOOoO0O
00000000000 VICSH Vehicle Information
and Communication SystemOd 000000000
0oo? 0000000000000000000
00000000000000000000000
VICSOOOOODOOOO0OOODOO0O0O0ooooo
00000000000000000000000
00000000000000000000000
00000000000000000000000
o719 0goo00000000000onoo
000000000000000000000000
000000000000000000000000
0D00000000000000000?22:297200
000000000000 D0000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0Oo0oo0oO0oooo'o®oooooooooono
000000000000000000000000
000000000000000000
00000000000000000000000
0O VvVICSOODOODOOOO0OOO0O00O0000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000

Jan. 2008

000000000000000000000000
000000000000000000000000
000000000000 000000000000n
000000000000 D000000000000
000o0oo0o™oooooooo0ooooooon
00000000000 000000D000DO0D
000000000 00000000D000D00D
oo'™20poooooo00ooooo?ooon
000000 oooooooooooo

00000000000000000000000
000000000000000000000000
00O0o0DO00O00000O0ooooYoDoooon
000000000000 000000000000
000000000000 D000D000000000n
0000000000000 00000000000

viICSODOOODOOODO0O0ODO0O0noooon
00000000000 D000D000DO0O0D0O0Nn
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000 000O0O0oo0® ooooooon
000000000000 00000O0DooDn
ooonoooog

2.2 0000000

00000000000 D000D000D000000
0000000000D000000000D000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
00000000000 0000000000000
ooo

00000000000 000D000D00000
000000000000 D00D0O000000o0D
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0o0O00o0O0oooooviIcsOoOoooonoooo
00000000000 0000000000000
00000000 D00000D0000000D00D
00000000000 000D000D000DO0D



Vol. 49 No. 1

Route Information Sharing Server

Future traffic congestion
based on gathered
information

: Congestion! '

.............. —_ e

Each driver changes the route
based on traffic information from
the route information sharing server.

time T+1
[Avoidance 0‘%
congestion ‘Q

01 DOo0o0oOooooa

Fig.1 Outline of cooperative car navigation.

gooooooooooooooobooooooooon
goooboooooooooooboobooooooo
goboooooboogo
oooooooooooooboboooooooo
gbobooooobooooooobooboooobooon
gooobooooooooooobocoooooooo
gooobobooooooobobooooboooooo
gooobooooooobooooooobooobooooo
goooboboooooooboboooooooooo
gooobooooooooboboooooboooo
goooooooobOoooOooooobooobooo
gooooboooooobooooooboooooooon
goooooooooooboooooooobooooo
gooooobooboor1000b00b000b00on
gooood

23 0000
goboboboooooooooobooooooooo
goooobooooooobooooooooooooo
ooooooooooobooooooo3ooooon
gooooooooooooobooooboooooo
ooboooooboooooo
goooboooooooooboboooooooo
gooooboooooooooooooooooo
goboooooooooooooooboooooobo
gooobobooodoooooooobooooooooo
goooobooooooooooooooooooo
oooooobooooooo
gobobooooooooooobooooooooo
gooooooooooooooooooooooo
gboboooooooOooboooobOooOoooon
goooboooooooooooocooooooobo
gooooboooooooooooooooooo
ooboooooog

goooOooooooooooooboooboog 179

00000000 00000000000000
0D00D0000000000000000000
0000000000 00000000000000
00000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 D00 2000000000
000000000 0D0000000O00OO0oD
0000000000 D00D00D0000O0D
000000000000000000000000
0000000000 00000000000000O
000000000000000000000000
0oooo
00000000000000000000000
01000000000000000000000
000000000000000000000000
00000000000 0000000000O0D
0000000000 D00D0000000O0D
00000000000 0000000000O0D
000000000 000000000000000
0000000000001 00000000000
000000000000000000000000
0000000000000
0000000D000000000000000
0000000000000000000000000
00000000000000 dePODOOOD
00000000000 D00000D00NOoD
000000000000 Thrs 0000O0DOD
00000000 D0000D XO0OOOoOooo
T% 0oo*o
00000 OO000O0O0D0DO0O d000000
00D000D0O000DOD ()0000000
0oo

Ty —Ths>0"deD (1)

gooo0 OooooooooooOooooboooo
0000000 d0O0 d0000000ooan
00d<dD0O (2)0000000000

d =d
Tris > Tris, d€ D (2)

gbooooobo oooooobooobooooooooo

xl 0000000ooOo0oooooooOooboooboOooobooo
000 Route Information SharingD RISOOO0DO0DO
goooO0ooOo0ooooOoobOo0oOooOOoOoDOOoOooOoOOoOoDo
00 Th,s 0000



180 ooooooooo

000000000 d00 d 00000000
0000d<d'MO (3)0000000o0ono

T STEYdeD (3)
3. 00000000000000

3.1 000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 MO0000000000
0000000 UO000000D00O0000000
0000000000000000000
00000000000000000000000
0000000000000000000001000
00000000000D00O0 V; 010000000
000000000 0ooooooY®oooooo
000000000000000000000000
00000000000000000 2M¢0000
0000000000000 L;0000 N;0ooo
0O v0DOODO K, 00O00O0000000000 ¢
00000 K, 0 £ 0000000000000
000 v, 000000 K; 00000000000
00000000000 400000000000

Z) Vi) (@)

0 (4O00000Ke, 00000DOOO0DOOOODO
goooobooooooooooooooooooo
ooooooo 000000000 Ve 0ooog

goboooodo 00000 «+1000000
gooobooooooooboooboooooooo
goooooobooooboooooooooooon 2™
000000000000000D 4)oooooo
goooooooobo<«00ooooooooog v; 0o
goooboooooo 00000 4100000
o:;0000000000D0O000 Vi OO0 V30O
goooboobooobo«+100000 jO00000

V; = max <Vf (1 —

Order of revision of block state

Lt e [ [0 [t [ ] 0]

Upstream Downstream

Traveling direction of vehicle

02 0D00000000DO0OO0O0OO0O0OO0O00
Fig.2 Direction of vehicle movement and revision of
blocks.

Jan. 2008

(000000O0O0ODODODOODODO 00000 K; O
0000 Kjee OOODOOOOOOOOOOO 41
000000 :00000000000000000
0j000000000000000++10000
ooooooo j, 0000000 5000000
gooooD 5,000 5o00000 Vi ODODO
pobobooooobobobboon go0o0D 51 0
0ooooo Dy, 0O0OOOODOO jo0O0000
0000oo0ooooooooooooooooo g,
gooooooooOooooooooooooooo
000000000 ooooooooooooo
00000o0O000oooooooooooooooo
0000ooooo v, 0ooooooooooon
ooo
3.2 000000
gooooooboooboooooboboooood
DO03000b000DbOo0bObDOoOoboOoOoooDoono
oooooood
3.21 O0OO0OCOOOOOOSDO
000000000 Shortest Distance Routed SD
00o0o0oooo sboooooooooooooo
000000oooooooooooooosboon
Jo00o0o0ooDooO0o0ooooooooooooon
0ooooooooon
3.2.2 J0O0OOOOOOOSTO
000000000 Shortest Time Routel ST O
Joo0ooo STOOoOoOooooooooao
goooooooOooUoooooOooooooooo
gooooooOoUooooOoOoOoooooooooo
0000o0ooooooooooSTOoOoooovICSs
00000o0o0o0oooooOooooooooooo
00ooooooooooooooo
00000000do0D 1goooooogoooon
000000000o0ooosSTooooooooono
(1) 000000000 K; 00000 (4000
0o0oooooooooooooa
(2) O0OO0OO0D 00000000000 L;000
00 v,000o0oo0ooooo (oooooo
00O Expected Travel Timed ET7T; 00 OO 1
000000ooooooooooooooon
STOOOOOOOOOOoOoOOoooooooon
gooooooooooooooooooooooo
oooooog
3.2.3 00O0OOOOOOORISO
000000000 O0OOoODODOODODDOdRoute
Information SharingD RISOOOOO0OOO RISO



Vol. 499 No. 1

O00O000ooooooOoooooooooood

O000O0o00oooooooooooooooog

0000000000000 000ooooooog

ooooooo

(1) RISODOOOODOOOOOUOODOOOOOOOO
gooddooooooooobooooood
ooooono

(2) DOOOOOOOOORISOOOOOOOO
O000O000o0oooDOo0oO0OooodPas-
sage Weight 0O OO O OORISOOOO 5O
ooo/oooooooo PW,; 00000
oooooOooooooooOoooooooo
000 pO00O0D00O0OOODODOOOOOOOO
0000o0ooooooooo 100 pOoon
0000O0o0oooooooooogooooon
oo ooooo pbbbo
0000000o0ooooo*o

(3) DOoOoOOOOUOUOOOOUOOUODOO
00000000 !looooOo0d Total Pas-
sage WeightO TPW; 000 (5) 000000
0000000 RISOOOOOOOO OO
00ooooooooooooooo

TPWy =3 prg PWik (5)

0O (B)0D0D0D0O0ORISORISOOOOOOO
oooo
(4) ODDOOODODOODOOOOOOOOOOO
O000O0ORISO0OO0OOOOODOOOODOOO !
00D DO0O0OO0 Expected Traffic Congestiond
ETC, 00000000000 ETT, 00
gooo rpw,00000bOObDOooOoog
ogo
ETC, = ETT, x (TPW, +a).  (6)
1000000000 (2)0(4)00000000
RISOOODOOODOOODOOODOODOOOODOOODOO
dooddoobobooooooooooooooon
ogoooooo
000000 0O000OO0Oooooo 7Pw,
0 ETC, 0000000000000 O0DO0OO
O TPW, 0 ETC, 0O0DO0ODODOODOOOOOO
O0e=000000000000000O00DODO0OO
goobooo0obooboboboobooobooobooo
goooooTPW,=000000000000O0

+x1 0000000000000000 1/p0000000000
000 10=p/p0000000000

goooOooooooooooooboooboog 181

passage weight 3 2 1
N % 3 3 ?_ destination
driver 2 ™ of driver 2
passage welghtg 5 4 3 2 1
i 6 6 6 6 6 6 __ destination
Y v v v v e
total ) 5 3.412 311,211
passage © | § i 6 363 6.3 66
weight =1 =5 .7 .2
ind : 3 6 3 i
index —% e e
of link 7 6 5 4 3 2 1

03 0D000O0O0O0ooooooo
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01 0O0oO0ooo
Table 1 Settings of networks.

lattice | radial and ring | Tokyo
Number of nodes 36 32 120
Number of links 60 56 200
Number of blocks 1,200 1,168 4,034
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Fig.4 Lattice network.

05 OO0O0OO
Fig.5 Radial and ring network.
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02 100000000000000Nge,O
Table 2 Number of vehicles generated at one step (Ngen)-

lattice
Ngen 40, 45

radial and ring
30, 35

Tokyo
55, 65

03 J0oooooooooooo
Table 3 Parameters in traffic simulation.
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