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Design and Implementation of the Internet Based
Communication System for Automobiles

KEISUKE UEHARA,™ RYUJI WAKIKAWA,? MASAAKI SATOH, 2
YASUHITO WATANABE,? HIDEKI SUNAHARA,?? FUMIO TERAOKA*
and JuN MURATIts

In current information systems for automobiles, each service is an independent system in-
cluding its own communication system. For this reason it is costly to start a new service.
In this paper, to realize an afordable service, we propose a new information system called
InternetCAR. In this system the communication system and the service has been seperated.
This paper describes the design and implementation of a automobilar communication system
which utilized the Internet. The system makes use of interface switching and other new tech-
nologies to provide stable IP connectivity for automobiles moving at high speeds. On-board
hardware and application software based on the InternetCAR system have been implemented
and evaluated in an actual situation environment on board a moving car. The experiments
proved that it was possible to provide stable IP connectivity in an environment where different
wireless communication mediums are constantly being switched. As a result, it can be said

that this system has the ability to safely and reliably connect automobiles to the Internet.
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Fig.1 Communication system useing the Internet.

obooooooobooooooooooooboooooon

gbooooobooobooOooooooooboooono
gobobooobooooboooooo
ooooboooooooobooooooooooo
gbbooooooooooooooooo1000d
gobooooooooooooboooooooooa
gooooobooooooooobooooooboOobod

goooocoooooboobooooboooboooboooo

gbooooooooooooooocoooooooon
gobooooooooboooooooboooooon
gboooocoocooooooooboobooobbooo
oboooooooooooooobobooooooon
gobooooooooooooooobooDboon
gbooooooooboboooooboono 20000
goboboooobooooobooooboooboooobooo
goobooobooboooooboooboooooa
gbooooobooooooooboooooooooo
gboboooooooobooobooboooboooooo
gbobooooooooobooobooOobo 20000000
gooooooooooboooooboocooooo
goooboooooooboooooooobooooon
goooooooooobobooboooooooboo
goooooooooooooooooooon
goooobooooooooobooooobooo
gobooobooooooooboooobooboooo
gobooobooooooooooooooooon
goooboooboooooooboooobooboobo
gbooboooooooobooocoooooooboboo

dboooboooooooooooooooobooooon

oboooobooooocooooboboooooooo
4. DO00OO0O0oOoOoobOoboboOoOogooo

gooooooooooboooooooooboo

goooooooOooOOo0o0o0oOooOooOoOo0oOooooobooonD 289

@ EEE TRV RAT LA l

HEETIL

InternetCAR
EFIL

02 0000000000

Fig.2 Information model.

gbooooooooobooboooooooboooooan
goooooboooooooooobooooooon
ooooboooboboooboooooog

4.1 0000000000
goooboooooooooobooooooooo
gooooboooboooooobooooooon
gbooooobo 2000000000000

e JOOOOODOOOOODOOO

e JOOOODOOODOOOO
oooboooooooboooooboooonooon
gobOooocoooooooooooboooobooo
gobooobooboOoooboooooboooOooDboo
goooobooooboobooooooboooooooon
gbooooooooboooooooooboobooa
ood
goboboocooo10obooocbooobobooboon
gobooboodoooooooocooocooooooon
goooboooooooboooboooooobooobo
goobooooooobobooooooooboooobooon
goooooooocobooooooooboooboooboo
goooobooobooooboooobobobooobo
goooboooobooooooon
ooooooboooboooooooboooooo
gooooooboooooboooobooooboooon
4.2 00000000
ooooooooooboocoooboooOoOoooo
goboooobooooobooooooobooooboonon
gooooooooooooooobooooooboo
gboooboooboooooocooooboboobooon
goboooooooooooooobooooboon
gooooooobbooobooooooooboboDbo
gooooooooobooboooooooooooboo



290 goooooooo

gooooooo
goooboooboooooooboooobooooo

gooooooooooboooooboboboboooooo

gooooooobooooooobooooooooo

goooooooooobooboooooooboooooan

000o000ooooooooooooooon

4.3 00000

goooooooooooooooooooooo
ooooooOo00oOooUoUooooOooooooo
oooooOooooooOooOooooooooooo
ooo0oUoooooOooooooipPOoOOOOOOO
0ooo0oooooooooooipPO0DO0OOOO
O000o00oooooo0oooooooooooo
0000ooo IpO0000O0O0OO0OOO0OOOOOO
o00ooOooU0oooooDooogoooooog
oooooooo

000000000000 0oooooooooo
ooooopooopooDpoOooUOooooOoUoooo
oooooooOooUooooooooooooooo
ooooooooOooOoooooooooooooo
O0oooooooooo IpOoOooooOoOoooOoO
oo0ooUoouoooooooooooooog

00O0D00000000000O00 O Mobile IP9Y
O Virtual Internet Protocold VIPIY 000000
000000 o0oo0ooooooooooooooon
000000000000000o0ooooDoooOoon
0IPO000O0OO0O0OO0OOOOOO 100 1IPO
ooooOdoooOoooOoooooOoooooogo
oo0ooOooooooooooooooooOooo
0ooooooUooooooopoooUooooooo
oooo

4.4 0O0O0O0OO0OODODOOOOODOOOOOO

0000000 00ooooooooooUn) 100
0000 100000000000 oO2)Uouoo
00000000000000000OO03)00000
jooooooOooooOooOoOooooooooo 8
0000000 oooooooooooooooog
oooooOopDOoOoOoOoOooooooooooogo
0000000000000 000Hest IDOOOO
ooooooUooooooUOoOooUoooooooo
00ooooooooooooooooooooog

gbobobooooooooobooocoooobooooboobooon

ooooooooooooobooooobocooooo
gooooobobooboooobooooooOoboobo
oooooboooooboobooooooboboobooo
gooooooobooobooboooboboooooon

Feb. 2001

H—EX
(FFU5r—iay)
B8 HEID(Host ID)
FYrT—OMEEE |4
AddrEIEAdIrETE .. |
Net Addr|Net Addr| .. B

03 D0ooooooooooo
Fig.3 InternetCAR layering model.

gooboooooooooooooooooooao
goboooooobooboooooooooboan
obooooobooobooboboooobooooon

5. 0oOoO0Od

goooooooboooooooobooooooon
goboobooboooooooooocoboobooboobooo
gooooobobOOoOoDo

5.1 OO0O0OO0OO
oooooooboooboobooooooboood
gboobooooooobooooobobooooaon
00o0o0oOoo0oo0o0oooooO0oo0ooon LAN
gboboooboooobooooooboooooooo
gboooooooooooooobooobooboooo
goooooOooooooooooobooobobobooo
gooooooooooooooboooooooo
gooooooooobooobooobooooooo
gooooooboooooooobobobOobOoDbOoo
goooooooooooooobooobooboooo
oo000000OboO0O00O000 Mobile-IPOOODO
obobooooooooooboooooooon 4
gooocooooobooobooboooboboooooooooo
gobooboooooobocoooobooobooboOonooo
000000000000000D00 Mobile-IP O
goooooooooboobooboOooooobooon
goboooboooobooooooooboonooooo
gooooo0oobO0ooooooobooboooon
ooopPPODODOOOOOOODOOOOOODO IP
Control Protocoll IPCPOO DHCPOOODOOOO
good

Mobile-IPO 000000000 O0O0O0O0OOOO
gobooobooooooooboooooboooooo
goooooooooobooooooobooooobo
oooboooooooooo Ip00O0O0O0O0O0O0
gboooboooooooooooooobooooboo
goooooooooooooboobooooooboo
gooobooboooooooooboobooooboobo
oogo



Vol. 42 No. 2

Application/TCP,UDP

P
Mobile-IP, & & |
IPCP | DHCP i
PDC mfgLaN .. |28

04 0D0O0OD00O0OO0OO0OOOOOOO0OO
Fig.4 Blockdiagram of communication system.

04000 300000000000000000
O000o00o0ooO0ooooooO LANOOOOD
O00oooooo0oooooooooooooo
00000000 OMobile-IPO Home Agentd HAD
0000ooooooooooooooooooo
000000000 000O0D00O000O000 Point-
to-Point Protocoll PPPIY 00000000000
ooooogooooo

000000o0o0ooooooooooooooon
00000000000 SIC2000Y 00000000
SIC2000 0 0CPUDO VR4300O0OOOOOOOOO
000000000 A/DOD/DOOODOOODOOO
O00oo0o0o0oooooooooooooo pCcoO
OO00OOUOOEthernet 00 OO0OD0ODOOOOO GPSO
000o0oooooooooooooooooooo
OO00O00oooobDCi2024VO0000000OACC
00000 o0oOo0o0oooooooooooooog
000000o00ogooooooooooooooo 1
DINODOODOOOOODOODODOOOOOOSIC2000
gdooooodooo soogoooooooooo
goooo sicooo0ooogod

O0O0O0oo SIc2000000 NetBSDOOOOOO
00ooooooopooooooooooooooo
00000 ooOooooooooo enonooOoOO
OO0opPPPODODODOOOOOODO iij-ppp 0000
o0ooooooooOooooOooooooooOooo
00 MIBsocket ' 00000000 O 0MIBsocket
0000000000 ooooooooooooooo
00000o0o00oooo0o0oooogoooooog
ooooooOooopoooDUooodooooooo
00000 LANOO OO0 BreezecomOO O Simple
Netowrk ManagementProtocold SNMPOY D OO0
oooddoUooooooOooooooooooo
0000000000 OdMIBsocket DOOOODOO
O000ooo0oooooooooooooooon
0000000 0ooooooooooooooon
00000 LANODOOOODOOOOoOOoooooo
000000DOD0000D00D0O0 MIBsocket 0 00O

goooooooOooOOo0o0o0oOooOooOoOo0oOooooobooonD 291

£
v

05 000000 SIC2000
Fig.5 SIC2000: which is installed to a vehicle.

a1—H7atR
RIREER #ipE®E | |DHCP
PPP F—E F—Ev g client
@5 :
tty tun rtsock MIBsocket;
A—I
e repvmpre| e ||
s
FINAR
HEREE RARLAN]

06 OOOODOO
Fig.6 Implementation of communication system.

0000000000 OMobile-IP O CoAO Care of
AddressOOO0OOOO

0000o00ooooooooooooooooog
000000 ooooooooooooooogo
ooooooog

5.2 JO00O0O0OOOOOOOO

oooooOooOoooooooooooooooo
0000ooooooooooooooooooogg

o0o0o0o0oOoooooobO0ooooooooooo
ooooUooooooooOooogooooooooon
0000200 000000000000000000
Oo0ooooo2000000000000000R0
000000000 o0o000ooooooooooog
oooogog

000000D0D00O0OO0O0OO00D0ODO User Data-
gram Protocoll UDPOOODOOOOOOODOOOO
oo0o0o0oO0Oo00ooOoooooooooooDoooo
oooO0oUoooO0opooOoooooooooooog
ooooooooooOoooOooooOoOooooooo
O0oooO0oOooOoUooooooooooooooo
000o0o00oOooooooooOooooooooo
0000000 000O00ooooooooooooon
goooooOOo000D0OO0OO0oO0O0 7000000
000000000 ooooooooooooooo



292 ooooooooo Feb. 2001
BHEHE oo —o8 01 0000
Table 1 Average of delay.
FIUr—vay @

K75 gooo RTT 000000

T (ms) (Kbps)

FIbr—ay PDC 499 7.35

1R7EE PDC+Mobile-IP 533 7.52

PDC(V.42bis) 462 25.1

45 S PDC(V.42bis)+Mobile-IP 484 24.3

00 LAN 9.33 815

00 LAN+Mobile-IP 11.0 826
T Tee 11
oY — 58

07 0DooOooooooooooo
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Table 2 Handoff time.
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Table 3 ppp connection setup time.
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