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Fundamental Studies on
Mobile Communication Architecture

with Mobility Specification®

Kenya Sato

Abstract

ITS (Intelligent Transport Systems) has become a popular theme of research
nowadays to solve traffic problems such as traffic congestion, accidents and envi-
ronmental deterioration through the application of telecommunications technol-
ogy. As a platform of in-vehicle computer systems with mobile communication
capability, advanced in-car navigation systems, Auto PC by Microsoft Corp.,
Connected Car PC by Intel Corp., MONET by Toyota Motor Co., and so on
have been proposed recently. A common mobile communication method of these
systems is a cellular phone network, which is relatively slow. On the other hand,
DSRC (Dedicated Short-Range Communication), a broader bandwidth commu-
nication method, such as ETC (Electronic Toll Collection) and infrared beacons
in VICS to provide traffic information, has already been available in some places.
In addition, high performance digital satellite or terrestrial broadcasting for mo-
bile hosts that will be available in a few years, should be considered as major
communication media for ITS. The rapidly expanding technology for portable
personalized devices and wireless data networks has let to intensive research in
the area of mobile communications. However, since these targets are general
mobile hosts, there has been no effective approach for narrow band, unstable

connection issues.

*Doctral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DT9761207, February 7, 2000.



In this research, an approach for effective data transmission and management,
that is an important factor on ITS, is proposed and implemented by using a
current location and mobility specification of an in-vehicle computer systems,
in spite that general mobile hosts do not have location and mobility detection

capability. The concrete approach consist of three following factors:

1. Dissemination of layered data by using multiple heterogeneous communica-

tion media:

Available communication media on in-vehicle situations are:

e Full-duplex narrow-band personal communication, that is to take much

time to receive large data,

e Full-duplex relatively broadband DSRC, that is difficult to allocate
long continuous communication period because of small and discrete

communication areas, and

e Half-duplex broadband broadcast, which has the drawback that clients
need to wait for the required data items to appear on the broadcast

channel.

By using these multiple heterogeneous communication media at the same
time, hierarchical structured data can be transmitted effectively. This ap-

proach is proposed and its implementation method is also discussed.

2. Effective caching mechanism for location-aware information

By using a narrow band personal communication or half-duplex broadcast,
long delay of an access penalty occurs. This means the timing when re-
ceiving data may be too late to be utilized in a mobile host. Therefore,
a prefetch mechanism is required to reduce the access penalty. An effec-
tive cache method for location-aware information is proposed and evaluat-
ed; that is effective prefetching and replacement by evaluating a difference
between position regarding location-aware information and location of a

mobile host.

vi



3. High performance communication method for DSRC

Since communication period by using DSRC is short and discrete, a smart
communication protocol for DSRC is nesessary. A protocol proposed in this
research is to allocate resources on some of the base stations or networks
for specific period of time, according to a schedule that a mobile host is
assumed to travel. In addition, the protocol is evaluated by using simulation
in comparison with conventional protocols: the broadcast method and the
geographic multicast method. The simulation experiments show that the

STRAP is effective in the case of congested traffic conditions.

In this paper, the smart and effective mobile communication architecture adopt-
ing these three methods at the same time, is proposed, evaluated and implemented
to address the problems of personal communication media, DSRC, and broad-
casting, for dissemination of location dependent and layer structured information

mainly used by in-vehicle users.

Keywords:

Mobile Computing, Mobile Communication, Intelligent Transport Systems, Pro-

tocol, Cache
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Node 0 (Current Location) t0 (A t0)
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Node 1 t1 (A tl)
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Node 4 t4 (A t4)
Link 3 T3(=15-14)
Node 5 t5 (A t5)
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