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Abstract of Bachelor’s Thesis

Academic Year 2002

A suitable environment for multi-hop inter-vehicle comminications

with MANET

This paper proposes a suitable environment for multi-hop inter-vehicle communica-
tions with MANET. We decided to implement TBRPF in the BSD operating system
because TBRPF was found to be the most suitable protocol for this environment.

Since automobiles are more and more embedded with information technologies, I'TS
activities (Intelligent Transportation Systems) has recently deserved a lot of public
attention. By computerizing vehicles, I'TS aims at improving vehicle and traffic safety
and efficiency.

The versatile communication environment needed by automobiles can be achieved
by using Internet technologies. This is investigated by the InternetCAR project which
uses Internet technologies for the communication infrastructure between automobiles.

This study demonstrates how vehicles can be connected to the Internet by using
inter-vehicles mutli-hop communications. We have achieved an efficient communication
environment using the MANET TBRPF protocol.

Keywords :
1. inter-vehicle comminication, 2. MANET, 3. TBRPF,

Keio University , Faculty of Environmental Information

Kouji Okada
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Multicast Address ff02::1e
Port 10309/udp

042 000000/000O

4.3 TBRPF Neighbor Discovery

TBRPF Neighbor Discovery(TND) O O lhopOD OO0 O OO0O0ODOO0OOOOOOO
00000000000 K20 0 Neighbor Table DO OO OO0

4 N
struct nbr_tbl {
u_long nbr_rid; /* neighbor router id */
u_long nbr_count; /* message hold count */
struct in6_addr nbr_if_addr; /* neighbor interface address */
u_char nbr_level; /* neighbor link status */
u_char nbr_hseq; /* latest hseq */
u_char tif_metric;
u_char nbr_metric; /* neighbor metric */
u_char nbr_pri; /* neighbor priority */
u_char hello_history[HELLO_ACQUIRE_WINDOW] ;

struct timeval nbr_life; /* neighbor lifetime */

struct tbrpf_if *nbr_if; /* interface hearing neighbor */

O 4.2: Neighbor Table 0 O O

4.3.1 O0OO0OOOOOUO
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0000000000000 0D0O0O00OHELLOOOOOODODUOHELLOINTERVALDO
OO00O0O000ooooCOoOOOHELLOOODOOOOOOOOODODOoOoOoo(/d3n
god

HELLOOOOOODOODOOOO30boooooooboboooo

e NEIGHBOR REQUEST

e NEIGHBOR REPLY
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#define LEAF

#define INTERMIDIATE 1

struct tbrpf_rt_tbl {

u_long
u_char

u_long

struct
struct
struct

struct

struct

};

rid; /* node’s router ID */
node_type; /* leaf or intermidiate node */
rt_dist; /* hop metric */

tbrpf_rt_tbl
tbrpf_rt_tbl
tbrpf_rt_tbl
tbrpf_rt_tbl

nbr_tbl *n; /* for 1 hop neighbor nodex*/

struct tbrpf_link {

u_char reported; /* is in Topology Graph? */

cost; /* link metric */

double

time_t
time_t

time_t

struct
struct

struct

};

nr_expire;
rt_expire;

tg_expire;

tbrpf_rt_tbl
tbrpf_rt_tbl

tbrpf_rt_tbl

struct tbrpf_old_link {

u_long

u_long

upper_rid;

down_rid;

*p; /* next hop node (parent) */
*0ld_p; /* node’s old parent */

xpred; /* one hop upper node in T */
*r [MAXR] ; /* node-set reporting this *

*xupper; /* node in upper */
*down; /* node in downer */

*r [MAXR] ; /* node reporting link */

044 00000/00000
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e thrpf_link up()
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4 N
struct tbrpf_if_tbl {
struct in6_addr if_addr;
u_long if_rid;
time_t 1if_expire;

+;

struct tbrpf_host_tbl {
struct in6_addr h_addr;
u_long h_rid;
time_t h_expire;

+;

struct tbrpf_network_tbl {
struct in6_addr net_prefix;
u_char net_length;
u_long net_rid;
time_t net_expire;
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000000000000 STOOODOODOODODOOOOOoOoooooOo (FULL
JADD /DELETE)000000O

e U UUOOODLODOOOODLDDOOOOO
oo Iiboobooobooboobooboboobooboobon
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e tbrpf_generate_periodic_update()
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4 N

default £e80::200:e8ff:fe3c:5b9c UGS
1 63754 - 100

3ffe:1::1 00:00:e8:3c:5b:9c UHL
00 - 1o0

3ffe:2::1 fe80::240:96ff:fe2a:4d1e’t1lp0 UGH
00 - tlp0

3ffe:3::1 fe80::240:96ff:fe2a:4d1le’t1lp0 UGH
00 - tlp0
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00 - tlp0

£e80::2845 fe80::240:96ff:fe2a:4d1le’t1lp0 UGH
00 - tlp0

fe80: :%tlp0/64 link#1 uc
00 - tlp0

fe80::200:e8ff:fe3c:5b9ctlp0 00:00:e8:3c:5b:9c UHL
00 - 1o0

fe80::240:96ff:fe2a:4d1e’t1lp0 00:40:96:2a:4d:1e UHLS
5 16642 - tlpO

fe80::%100/64 fe80::1%100 U
00 - 1o0

fe80::1%100 link#2 UHL
00 - 1o0

fec0::/10 i1 UGRS
00 - 1o0

ff01:1::/32 link#1 uC
00 - tlp0

££f01:2::/32 i1 uC
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££02::%100/32 i1 uc
00 - 1o0
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