A Method for Updating Location-based Information
on Ad-hoc Network

Yoji ISHII, Koichi ASAKURA, and Toyohide WATANABE
Department of Systems and Social Informatics,
Graduate School of Information Science, Nagoya University
Furo-cho, Chikusa-ku, Nagoya, 464-8601, JAPAN
E-mail: {yoji,asakura,watanabe}@Qwatanabe.ss.is.nagoya-u.ac.jp

Abstract We propose a method which can consis-
tently update location-based information kept by mobile
terminals which are located in a position where location-
based information is provided and which communicate
with each other on ad-hoc network. In our approach,
mobile terminals elect a mobile terminal as a coordina-
tor providing the consistency control mechanism. We
propose an election algorithm for a coordinator among
indefinite mobile terminals. In addition, we propose a
negotiation protocol in which two coordinators specify
one of them as a new coordinator when more than one
coordinator is elected caused by unstable wireless com-
munication link. The results of our simulation exrperi-
ments show that our proposed method can update infor-
mation around 2 seconds and elect a coordinator around

5 seconds.
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1 Introduction

Location-based information services (LBS)
have been getting remarkable attention[1]. In
the LBS, information is associated with a po-
sition and provided for the users in the as-
sociated position[2, 3]. We have proposed a
method which can realize the LBS without
any centralized servers[4]. Namely, data for
location-based information is kept by mobile
terminals located in the associated position,

and these mobile terminals communicate with
each other using ad-hoc network in order to
manage the location-based information. By
adopting above approach, information which
must be sent immediately and whose life time
is very short can be dealt with adequately since
all operations on data for location-based infor-
mation can be performed in the local position.

In our approach, data for location-based in-
formation is kept by plural distributed mo-
bile terminals. Therefore, if data is updated,
an update control mechanism is required in
order to keep consistency of location-based
information[5]. For this requirement, we adopt
a method in which a mobile terminal controls
update sequences of mobile terminals exclu-
sively as a coordinator. In order to realize the
above mechanism, a distributed election algo-
rithm has to be provided. However, it is diffi-
cult to elect a mobile terminal because candi-
date mobile terminals located in the associated
position are indefinite and a wireless communi-
cation link is unstable in the ad-hoc network.

In this paper, we propose an election algo-
rithm in which indefinite mobile terminals can
elect a mobile terminal as a coordinator. In
the proposed algorithm, each candidate mobile
terminal calculates a candidate value by which
suitability as the coordinator is expressed using
only local information regarding to network re-
sources. By using local information, all indef-



inite mobile terminals in the associated posi-
tion can be identified, and an appropriate mo-
bile terminal can be elected as the coordinator.
Moreover, we propose a negotiation protocol in
which two coordinators can specify one of them
as a new coordinator in case that more than
one coordinator is elected caused by a unsta-
ble wireless communication link.

The rest of this paper is organized as fol-
lows. In Section 2, we present a consideration
when location-based information is updated in
our assumed environment. In Section 3, we
describe a method which realizes LBS with
update control mechanism. In Section 4, we
present simulation experiments. In Section 5,
we conclude this paper and describe our future
work.

2 Consideration of Updating
Location-based Information

In our approach, one mobile terminal has to be
elected as a coordinator for updating location-
based information. Furthermore, this election
has to be achieved by mobile terminals them-
selves. Then, the coordinator controls the up-
date sequences of mobile terminals exclusively
to keep comsistency of information. There-
fore, a distributed election algorithm must be
provided. The bully algorithm is a typical
distributed election algorithm for electing one
coordinator system among plural systems|6].
The bully algorithm assumes that each system
has its own priority number and can send a
message to all of other systems unfailingly. In
the algorithm, priority numbers are exchanged,
and the system with the highest priority num-
ber is elected as the coordinator system. How-
ever, this algorithm cannot be adapted for our
assumed environment. Since the mobile termi-
nals move into and out the associated position
dynamically, we cannot assign priority num-
bers to them. In addition, the wireless com-
munication link is unstable: the network is fre-
quently divided caused by movement of mobile
terminals, and messages may not be reached
to mobile terminals in its transmission range
caused by collisition of wireless network. As a

result, more than one mobile terminal may be
elected as a coordinator.

From the above consideration, we have to
take the following two topics into account: ad-
equate priority number has to be assigned to
mobile terminals and a negotiation protocol to
specify one coordinator has to be provided in
case that plural coordinators are elected acci-
dentally. For the first problem, we require a
method which can order indefinite mobile ter-
minals located in the associated position with-
out the centralized server. In our approach, we
calculate a candidate value by which suitability
as the coordinator is expressed using a position
of a mobile terminal and an elapsed time from
moving to the associated position. Since the
position and the time are peculiar to each mo-
bile terminal and acquired by themselves, we
can use these information to order mobile ter-
minals for the election. The election algorithm
is invoked whenever the coordinator moves out
from the associated position. If the election al-
gorithm is invoked at many times, the network
resources are consumed. Therefore, we require
to decrease the frequency of algorithm invoca-
tion. For this problem, we propose a calcu-
lation formula which assigns higher candidate
values to mobile terminals which will stay in
the associated position for a longer time.

For the second problem, we require a
method which can specify a coordinator among
plural coordinators. It is important to take
account of that mobile terminals in each di-
vided network may update information inde-
pendently and different versions of information
may be created. Therefore, the different infor-
mation must be transmitted to the specified
coordinator surely. Thus, we propose a nego-
tiation protocol in which one mobile terminal
is specified from two coordinators and their in-
formation is exchanged surely.

3 LBS Using Ad-hoc Network
with Update Control
In our method to realize the LBS, mobile ter-

minals located in the associated position keep
location-based information without any cen-



tralized servers. Therefore, the mechanism to
transmit the information immediately to a mo-
bile terminal which moves into the associated
position is required.

3.1 Community

In order to realize the LBS by only mobile ter-
minals, we introduce a concept of a community.
We define a community area (CA) as the asso-
ciated position where the location-based infor-
mation is provided. Then, mobile terminals in
the CA form a community and manage data for
location-based information using our proposed
ad-hoc network protocol called a community
protocol[4].

In the community protocol, each member of
a community sends a beacon packet periodi-
cally in order to notify an existence of a com-
munity to mobile terminals in its transmission
range. In the beacon packet, the CA infor-
mation is included. When a mobile terminal
receives a beacon packet, it evaluates whether
it is in the CA or not. If new CA information
is included in the beacon packet, a mobile ter-
minal sends a request packet to the sender in
order to get the community information. This
sequence to acquire the community informa-
tion from a neighboring member is called an
acquisition sequence.

3.2 Election Algorithm for Coordi-
nator in Community

All mobile terminals which move into the CA
can be members of the community. In this
case, members of the community are indefi-
nite. Namely, many types of mobile terminals
may be community members, and the number
of community members is varying. Thus, it is
impossible to assign priority numbers to all of
members to order them. In order to solve this
problem, we propose a method which uses a
candidate value (CV) by which suitability for
the coordinator is expressed to order members
in the community. Here, the suitable coordina-
tor is defined as a member which will work as
the coordinator for a longer time. The suitable
coordinator has the following properties:

e it exists in the community for a longer
time, and

e it locates near center of CA.
The first property comes from an assumption
that the member in the community for a long
time will exist in the community hereafter.
The second property comes from the fact that
the member which locates near center of CA
will take time to move out from the CA and
that it may locate center of the network topol-
ogy and response time from the coordinator
may become shorter. Therefore, the formula
to calculate CV is defined as follows:

CV =a xlog(d) + (1 — a) x log(t)

where a is a constant (0 < a < 1), d is a
distance from a current position of the mem-
ber to an edge of the CA, and ¢t is an elapsed
time from being the member of the community.
We use a logarithmic function for d because a
member moving at high speed near center of
the CA may leave a community in a short time
and we require to prevent such a member from
getting high CV. In addition, we use a logarith-
mic function for ¢ in order to prevent a member
which is in the community for a long time but
locates at an edge of the CA from getting high
CV. Using above formula, each member can
calculate its own CV using local information.

When the coordinator leaves the community,
an election algorithm is activated. In the algo-
rithm, each mobile terminal calculates its own
candidate value cv and broadcasts cv as an
election packet. If it receives an election packet
from other members, cv in the packet is exam-
ined whether the value is higher than its own
cv or not. If the value of the cv in the packet
is higher, this terminal never be a coordinator.
If the election packet in which higher value of
cv exists never be received during a timeout,
Teandidate, this member becomes a coordinator
of the community. Figure 1 shows an election
algorithm in detail.

In order to start the election algorithm, each
member must sense absence of the coordina-
tor. In our approach, the coordinator notifies
its existence to all members. Namely, the coor-
dinator periodically sends a packet called a de-



INPUT: cvy, //received as election packet
OUTPUT: cv //broadcast as election packet

INISIALIZE:
state=NON-ELECTION;

begin
if (state=NON-ELECTION) then
cvi=getCV();
if (cv; > cvi) then
state=CANDIDATE;
return cv;;
else
state=NON-CANDIDATE;
return cvg;
endif
else if (state=CANDIDATE) then
if (cv; < cvg) then
state=NON-CANDIDATE;
return cvg;
endif
else if (state=NON-CANDIDATE) then
if (cv; < cvi) then
return cvg;
endif
endif
end

Figure 1: An election algorithm invoked by a
member M; receiving cuvy

terrence packet to all members in the flooding
manner. When a member has not received the
deterrence packet during a timeout, Tycterrence;
it considers the coordinator leaves the commu-
nity and starts the election algorithm. In ad-
dition, the deterrence packet is used to notify
to be elected in the election algorithm.

3.3 Negotiation Protocol between
Two Coordinators

Because of the unstable communication link,
more than one coordinator may exist in the
same community. When the network division
occurs, members cannot receive the deterrence
packet from the coordinator. Then, they start

the election algorithm and elect one member as
a new coordinator among them. In addition,
when a member fails to receive the election
packet containing higher CV caused by colli-
sion of wireless network, the member elects it-
self. Thus, even in the same community, more
than one coordinator may be elected.

In order to deal with the above problem, we
propose a method for specifying one coordina-
tor from two coordinators. When a coordina-
tor detects other coordinators, an exchange se-
quence shown in Figure 2 is invoked by sending
an exchange packet. Namely, when the coordi-
nator C; receives the deterrence packet from
the other coordinator €, C; and C; exchange
their cv as the exchange packet in the flood-
ing manner, and they specify which coordina-
tor is better to be a new coordinator. In this
exchange sequence, location-based information
must be sent to the specified coordinator since
each coordinator may have independently up-
dated data. Therefore, in the exchange se-
quence, location-based information is also ex-
changed by describing in the exchange packet
in addition to cv. In addition, this sequence
must be achieved precisely since two coor-
dinators exchange location-based information.
Therefore, they exchange an end packet each
other to close the exchange sequence surely.

In our method, we define that data for
location-based information kept by the coor-
dinator is the one which should be managed in
the community. Therefore, when the new coor-
dinator is elected in the election algorithm or
specified in the exchange sequence, members
must acquire the new location-based informa-
tion. In order to realize it, each member con-
tains coordinator as the coordinator ID which
the member belongs to in the beacon packet.
On receiving a deterrence packet from other
coordinator C;, a member invokes a new net-
work sequence and waits in Th,epnetwork 1N OT-
der to acquire the new information. During
Thewnetwork, if the member receives the beacon
packet containing C as the coordinator ID, the
member invokes the acquisition sequence in or-
der to acquire new data of the coordinator Cj.



leader C; leader C;

deterrence packet
sending to all members

exchange packet
sending to leader C,
exchange packet
sending to leader C;
end packet
sending to leader C,
end packet
sending to leader C;

Figure 2: Sequence diagram for specifying one
coordinator from two coordinators

member M; leader C

inquiry packet
sending to leader C

permission packet
sending to member M;

update packet
sending update data to all members

deterrence packet
sending confirmation to all members

Figure 3: Sequence diagram for updating
location-based information

3.4 Updating Location-based Infor-
mation

In order to update location-based information
exclusively among members, a member must
acquire a permission for update from the co-
ordinator. First, a member invokes an update
sequence shown in Figure 3 by sending a packet
called inquiry packet to the coordinator in the
flooding manner in order to acquire the per-
mission. If the coordinator does not give the
permission to other members, it sends a packet
called permission packet to the member in the
flooding manner. On receiving the permission
packet from the coordinator, the member sends
a packet called update packet in which update
data is described to all of other members in the
flooding manner.

In our method, we define that data for
location-based information kept by the coor-
dinator is the one which should be managed in
the community. Therefore, all members which
receive the update packets must wait to up-

date data in their local memories until they
confirm that the coordinator receives the up-
date packet. In our method, the coordina-
tor describes ver as the version number of its
data for location-based information in the de-
terrence packet, and a member can confirm if
the coordinator receives the update packet by
comparing ver in the deterrence packet with
the version number of update data.

In the above update sequence, there may be
some members which cannot receive the up-
date packets because of the unstable commu-
nication link. In order to deal with such sit-
uation, members describes ver as the version
number of data in the beacon, and a member
receiving it invokes the acquisition sequence if
ver is higher than its version number of data.

4 Simulation Experiments

In order to evaluate our method, we conduct
two sets of simulation experiments. We evalu-
ate time to update data for location-based in-
formation and time to elect a coordinator. In
these simulations, we assume vehicles as mo-
bile terminals since our proposed method is
more effective to provide drivers with safety in-
formation. All mobile terminals are allocated
randomly on 5 X 5 grid roads each of whose
length is 120 m. They move at 40 km/h and
turn randomly on intersections.

Parameters for simulations are shown in Ta-
ble 1. We define sizes of all packets includ-
ing protocol head as 50 bytes. This number
is enough to evaluate our protocol since our
protocol deals with control data which is much
lower than 50 bytes. We define communica-
tion latency between two mobile terminals as
1 [ms]. When a mobile terminal receives more
than one packet within 1 [ms], it deletes these
packets in order to model collision of wireless
network.

Parameters for protocol are shown in Table
2. In these experiments, one community is cre-
ated in the center of the simulation field. We
set 1 [sec] for interval to send beacon pack-
ets and 2 [sec] for interval to send deterrence
packets. We use 0.8 in formula for CV since we



Table 1: Parameters for simulation

communication range 100 m
packet size 50 bytes
communication latency 1 ms
link speed 400 kbps

Table 2: Parameters for protocol

radius of CA 150 m
INTERV ALpeqcon 1 [sec]
INTERV ALgeterrence | 2 [sec]
Teandidate 1 [sec]
Tdeterrence 4 [sec]
Tnewnetwork 1.5 [sec]
«a in CV 0.8

Table 3: Simulation information

Num of terminals 100 200 300 400 500 600 700

Num of members 17 35 54 73 89 107 126

Ave of neighbors 6 10 17 22 27 33 38

consider the location is more reliable for time
to being in a community.

For each experiment, we allocate 100 to 700
mobile terminals increasing by 100 in the sim-
ulation field. For each total number of mobile
terminals, the average number of members and
the average number of neighboring mobile ter-
minals are shown in Table 3. We evaluate 100
times for each total number of mobile termi-
nals and calculate average of update time and
election time.

4.1 Results of Experiments

In the experiment to evaluate the update time,
a member selected randomly updates data for
location-based information. We measure time
from the selected member sends the inquire
packet to all members complete updating data.
In order to complete updating data, there are
two ways. One is by receiving an update packet
from the selected member and a deterrence
packet from a coordinator, and the other is by
failing to receive the update packet from the se-

lected member and acquiring the update data
using the acquisition sequence (Section 3.4). In
this experiment, we do not perform the election
algorithm. In the experiment to evaluate the
election time, we measure time from a mem-
ber sends the election packet to a coordina-
tor is elected and all members receive data for
location-based information which a new coor-
dinator keeps by invoking a new network se-
quence (Section 3.3).

Figure 4 shows the average update time and
the average election time. When the total
number of mobile terminals is 100, the update
time is 2.8 [sec], and the election time is 7.1
[sec]. Since members exist sparsely, the net-
work is frequently divided. In the update se-
quence, some members cannot receive update
data and acquire it in the acquisition sequence
after the network is connected. This causes
increase of the update time. In the election
algorithm, plural members are elected in each
divided network. In this case, the exchange se-
quence is invoked when two coordinators meet
each other. This causes increase of the election
time.

When the total number of mobile terminals
is 400 to 700, the update time and the elec-
tion time increase gradually. When the number
of members increases, the collision of wireless
network occurs frequently. In the update se-
quence, the number of members which cannot
receive the update packets and acquire update
data in the acquisition sequence increases. In
the election algorithm, the number of members
which cannot receive the election packets and
elect themselves increase. As a result, the ex-
change sequences are invoked many times, and
this causes increase of the election time. In ad-
dition, in a situation that many coordinators
exist, they send exchange packets to coordina-
tors which send other coordinators, and these
coordinators come to a deadlock. In this case,
they must wait until the timeout for the ex-
change sequence exceeds, and it takes time to
specify one coordinator.

When the total number of mobile terminals
is from 200 to 400, the update time is around 2
[sec], and the election time is around 5 [sec]. In
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Figure 4: Election time and update time vs.
number of mobile terminals

the update sequence, since the inquiry packet
and the permission packet are exchanged be-
tween the selected member and the coordina-
tor, and the update packet and the deterrence
packet are sent to all members, 2 [sec] are rea-
sonable time in our method. In the election al-
gorithm, only one coordinator is elected at the
Teandidate Most times. However, it takes time
to acquire the data which the new coordinator
keeps using the new network sequence, and the
election time increases more than T.,,didate-
As a result of these experiments, even in an
environment that an average neighbors is 10
to 22 (Figure 3) like urban area, our proposed
method consistently updates location-based in-
formation within one figure, and drivers can
acquire safety information about surrounding
situation which changes dynamically.

5 Conclusion

We described an algorithm which can elect a
coordinator among indefinite mobile terminals
in order to update location-based information
kept by them consistently. In the algorithm,
each mobile terminal calculates a candidate
value by which suitability for the coordinator is
expressed using local information: a position of
the mobile terminal and an elapsed time from
it moves into the associated position. In addi-
tion, we propose a negotiation protocol which

can specify a coordinator from two coordina-
tors in order to deal with the situation that
plural coordinators exist in the associated po-
sition because of the unstable communication
link. The simulation results show that our pro-
posed method can update data around 2 [sec]
and elect a coordinator around 5 [sec]. We can
clarify that our proposed algorithms make it
possible to share and update location-based in-
formation rapidly and consistently.

In future work, we must propose a method
which can specify a coordinator among more
than two coordinators. Since our proposed
method is invoked between two coordinators,
coordinators may come to a deadlock when
more than two coordinators exist.
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