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Abstract of Master’s Thesis Academic Year 2003

Application Development Environments for Internet CAR systems

with Communication Network Emulation

- Summary -

This research provides application development environment fro Internet CAR systems
with Communication Network Emulation. In addition, an application architecture is sum-
marized and designed for Internet CAR systems.

Internet CAR Project is working to connect vehicles to the Internet, and incubate devel-
opments of new applications and services. The main feature of the Internet is end-to-end
communication, widely deployed network infrastructure on open platforms. Thus, the In-
ternet can be applied to road-vehicle-human network in order to obtain the features of the
Internet.

Vehicle environment, however, is more unstable environment than existing internet en-
vironment. According to vehicle’s movements, environments around the vehicle such as
network conditions, geographical location and so on, are fluctuating. Existing internet
applications do not consider such environmental fluctuations. Applications which could
make use of such environmental fluctuations will gain more importance in InternetCAR
systems. In this paper, these applications are called Vehicle Environmental Applications.

In this paper, the application development environment called Vehicle Environmental
Applications was developed. For the development of the system, requirements are deter-
mined from InternetCAR architecture,. As a result, an application development model is
designed with virtual vehicles to satisfy above requirements.

Development environment is consists of simulating and emulating the vehicle environ-
ments in virtual vehicles. Factors for effective vehicle environments is also defined through
the development of virtual vehicles. Application Developers can develop and validate their
applications using virtual vehicles, since vehicle environments are emulated in virtual ve-
hicles.

As a evaluation, behavior of development environment is validated and advantages over
existing systems is reviewed. Sample application for the development environments is
developed to evaluate effectiveness of this environment.

From the result of this research, application development environment for InternetCAR
systems is developed. In addition, Vehicle Environmental Applications can be developed
and validaded as a part of application architecture.

Keywords

1: InternetCAR  2: InternetITS 3: Network Emulation
4: Application Development 5: Communication Environments

Keio University Graduate University of Media and Governance
Tetsuji Hino
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<?xml version="1.0" 7>
<VVehicle>
<VID id="1">
<HOMEADDRESS>2003:500:1:ffff::1</HOMEADDRESS>
<COM_IF id="1">
<TYPE>802.11b</TYPE>
<IPADDR>2002:200:0:8899: : 1</IPADDR>
</COM_IF>
<COM_IF id="2">
<TYPE>PDC</TYPE>
<IPADDR>2002:200:0:8888: : 5</IPADDR>
</COM_IF>
<COM_IF id="3">
<TYPE>PHS</TYPE>
<IPADDR>2002:200:0:9999: : 10</IPADDR>
</COM_IF>
<APPLICATION id="1">
<NAME>ProbeInfoSender</NAME>
</APPLICATION>
<APPLICATION id="2">
<NAME>MusicDownloader</NAME>
</APPLICATION>
</VID>
</VVehicle>
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<?7xml version="1.0" 7>
<AIRSTATION>
<APID id="1">
<SPEC>
<TYPE>802.11b</TYPE>
</SPEC>
<POSITION>
<LNG>136.8927000</LNG>
<LAT>35.1693000</LAT>
<ALT>O0</ALT>
</POSITION>
<WAVE_INFO>
<LENGTH>200m</LENGTH>
<FORM>CIRCLE</FORM>
</WAVE_INFO>
<IPSUBNET>
<NETADDR>2003:300:0:8800: : /64</NETADDR>
</IPSUBNET>
</APID>
</AIRSTATION>
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OoOo0o0 55000 VirtualVehicle DO DO OO OO O

4 R

public class VirtualVehicle{
private double lat;
private double lng;
private double alt;
private double vel;
private Vector ComDevicelList; /* IPNetDevice DO ODOOO =/

private Vector InetAppList; /* InetApplicationO0 0O OD0OO0O =/
private IcarDD icarDD; /* DO0000O000000 =/

private HashMap AppliSchedule; /x DOOOOOOOODOOOOO=*/
private Vecotr CarNearBy /x 0000000 =/

private void getNetworkEnvironment (){
/ 0000000000 =/
}
private void emulateNetwork(){
/ 00000000000000 */
}

O 5.5: 00 0: VirtualVehicle

VirtualVehicle O OO OOOOOOO0OO0O0O0O0000000O0O0O0O0O0OOOOOOOSOUND
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00000000000 AppliSchedule 00000000 DODOODOOODOOOOO

VirtualVehicles 0 0 000000000 00O O getNetworkEnvironment() O emulateNet-
work() 0 00000 OgetNetworkEnvironment() D 0 OSOUNDOOOOOOOOOOOO
0000 NetworkStatus 0 0000 OO O OO ComDeviceList O O IPNetDevice 0 00O
0000 0OemulateNetwork() D0 0000000000000 0ODOO NetworkStat 0 00O
ggoooooooooooooobboobobobbboboboboboboobbboboboboboboon
5.3.20000000
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0O 5.2: NetworkStat OO OO QO QO

oooooo 0Od oo
bandwidth int oooood
delay int oooad
packetloss int oo0ooooo
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% ipfw list

00020 pipe 20 ip from any to 192.168.100.120
00020 pipe 20 ip from 192.168.100.120 to any
00021 pipe 21 ip from any to 192.168.100.121
00021 pipe 21 ip from 192.168.100.121 to any
00022 pipe 22 ip from any to 192.168.100.122
00022 pipe 22 ip from 192.168.100.122 to any
00023 pipe 23 ip from any to 192.168.100.123
00023 pipe 23 ip from 192.168.100.123 to any
00024 pipe 24 ip from any to 192.168.100.124
00024 pipe 24 ip from 192.168.100.124 to any
00025 pipe 25 ip from any to 192.168.100.125
00025 pipe 25 ip from 192.168.100.125 to any
00026 pipe 26 ip from any to 192.168.100.126
00026 pipe 26 ip from 192.168.100.126 to any
00027 pipe 27 ip from any to 192.168.100.127
00027 pipe 27 ip from 192.168.100.127 to any
00028 pipe 28 ip from any to 192.168.100.128
00028 pipe 28 ip from 192.168.100.128 to any
00029 pipe 29 ip from any to 192.168.100.129
00029 pipe 29 ip from 192.168.100.129 to any

O57ipfw000O000O0O

05800020 DUMMYNETOOOOOOOOO 11MbpsOODODOO 10msO0O0OO0O0O
00020%00000000000000000000 58000000000192.168.100.120
gboooogoogbobobooobobobooobobobobooobooboboboon
yogoooooood

VirtualVehicle 0 0 0 0 O O emulateNetwork() D0 D0 OO0 JRuntime D 0000000
iptw OO0OOOD0OC0D0piwdO0OO0OD0root00O0O0O0O0O0DOODOOO0OODOODOOOO
UOroot 000000 oooooobboobDOn
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% ipfw pipe 20 conf bw 11264Kbit/s delay 10 plr 0.2

0 5.8: DUMMYNETODOOOODOO

WirelessMaps

*  VirtualVehicle

AccessPoint

0 5.9: WirelessMap O 0O O

5.3.3 UUOOOOO0O0OO

00000000000 oonooooooos210odoo0oooooooo
00000000000 NetworkStat 00000 000 VirtualVehicle 000000000

000000DoOooOoOoboosouUNDOOODOOoOOooOooooooooooooan
00000000 OOoOoSOUNDODOOODOO0O 100000 DODO0O0bOOo0DOOo0oDOOoon
goboooobdodobb l1gbboobboobboobboobboOool1oobD 100D
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000000 getNetStat() O O O O getNetStat 0 O O VirtualVehicle 0000000000
U000 NetworkStat 0 000000 DO OO OgetNetStat 0 O WirelessMap OO0 OO0 OO
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AccessPoint 00000 getStat() 000000000 ODO
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“AIRH”, “PDC’ 0000000000000 DOCOOODDOOOOOO0O0O0 getStatO OO
gooooIpv6 0000000000 ODOODOO setNetwork DOOO0O0OOOODOODOO
0000000000000 AccessPoint 00000000 O0DODOOOCOOOOOOOO
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4 N
abstract class AccessPoint{
private double lat;
private double lng;
private double alt;
private String type;
public void setPosition(double aplat, double aplng, double apalt){ ; }
public void setType(String aptype){ ; }
abstract public NetworkStatus getStat(double lat,double lng,double lat);
abstract public void setNetwork(InetAddress networkAddress);

N %

O 5.10: OO O0O0O0O: AccessPoint

getStat 0 0000000000000 0COOOO0O0000OgetStat0 000 OOSOUND
010000000000 0DO0000DO00D0OegetStat00DOoOoDOoOOOoDOOO
gboogobooobooboobooboobooboobooboobobboboooboo
ooooogooogeeez2.1tb0dooooobboooooooooooooobboooD
OOoooOoDOoOoPDCOOOODOOODOODO 900bpsOPHSODOOODOOODOOODO
OooboO032kbps000OO0OOO0
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O0oo00n0O CPU PentiumlIll 750MHz
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0OS NetBSD 1.6E

Oooo0oooo | CPU Pentium4 3GHz

000 | 512MBytes

0OS FreeBSD 5.1-Release(IPFIREWALL/DUMMYNET enabled )
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public class ProbeInfoSender extends netsim.InetApplication{
public void setup(String sa, int sp, String la, int 1p){ }
public void execute(){
DatagramSocket dsock = getUDPSocket(laddr, lport);
/ 0000000000000000D00 DatagramSocket 000 %/
/x 00000000000 =/
dsock.send(dp) ;
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