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Abstract— The system for tracking and monitoring lost or 
stolen vehicle is challenging. This device is widely used to 
assess the vehicle's location using GPS technology. It can 
be used to track a vehicle or vehicle fleet and to obtain 
information about the vehicle's current location. There 
are various challenges for tracking and monitoring 
vehicles and finding lost vehicles due to the 
lack of proper real-time vehicle location and hence it is 
difficult to take necessary action in the immediate proper 
time after the vehicle has lost or stolen. In this paper a 
Cluster Based Feasible Time Interval for Vehicle 
Tracking (CFTVT) algorithm for measuring the 
minimum time interval for taking action after the vehicle 
has lost or stolen is proposed. This proposed model helps 
to imply any appropriate vehicle tracking algorithm in 
the exact proper time after the vehicle has been lost or 
stolen. 

Index Terms— Lost Vehicle Tracking; Stolen Vehicle 
Tracking; Cluster Based Feasible Time  

I. INTRODUCTION

The system proposed in this article is to measure the 
minimum time interval for taking an action to find the lost or 
stolen vehicle. There are several systems or algorithms are 
available in the literature for tracking lost or stolen vehicles. 
But any of these systems will not be effective if it is not 
possible to implement in the proper time. Here, we develop 
a Cluster Based Feasible Time Interval for Vehicle Tracking 
(CFTVT) algorithm to measure the minimum time interval 
to implement any of the existing vehicle tracking algorithms 
to track the lost or stolen vehicle. 
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The major advantages of clustering a large-scale network, 
where the management and the information accumulation 
would be attained very easily within the network clusters [1]. 
In order to provide an easily accessible network, clustering 
is done on the basis of specific application requirements. 
Nodes are constructed in clusters using certain parameters, 
such as nodes that will join the clusters, exit nodes used to 
leave the network. However, the clustering technique is 
principally handled for data distribution and routing in the 
network [2, 3]. Therefore, the clustering method helps to 
divide the whole network into several smaller sub-networks. 
There are many techniques found in the literature for 
clustering the network [4-7]. Khakpour et. al. [8] describes 
the main causes to use clustering in the network such as (i) 
aggregated network scalability by generating network 
fragments [9]; (ii) decreasing the quantity of 
communications being transferred within the network [10]; 
(iii) declining crowding in network communications [9,11];
(iv) serving optimum quality of service (QoS) and
appropriate routing of communications [12]; (v) capturing
with variable network connectivity [13]; and, (vi) shrinking
argument and hidden fatal problems [14].

Several techniques for vehicle observing, vehicle alerting 
systems, and vehicle tracking systems have been anticipated 
by many researchers. Benjamin et al. [15] presented a real-
time computer vision structure to trace vehicles and ensure 
traffic reconnaissance based on a audiovisual figure 
processing technique. Akande [16] offers automatic vehicle 
location as an innovative process to trace and scrutinize any 
vehicle endowed with a software unit receiving and 
transmitting signals over the GPS satellite. Rauf and Kamal 
[17] anticipated a clever GPS navigation system. In this
system, a neural network is accompanied to manage
impaired raw signals taken by the GPS receiver. Jianping et
al. [18] developed GPS based real-time vehicle alarm
monitoring and alerting system that occupied GPRS and
CSD on the implanted system. Venkatakrishnan and
Seethalakshmi [19] presented Public transport ticketing and
monitoring system contains GPS, GSM, RFID, and Zigbee
for the consumers. The usage of GSM and GPS technologies
allows the system to trace vehicles and presents rationalized
data about current tours. Patinge and Kolhare [20], Khan and
Mishra [21], Hannan et al. [22], Pham et al. [23], Maruthi
and Jayakumari [24], and many researchers developed the
vehicle tracking and monitoring system for lost or stolen
vehicles.

All the above-discussed systems will not be efficient if the 
action has not been taken at the appropriate time. In this 
paper, we develop such a system so that it is possible to 
measure the minimum time interval to take immediate 
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necessary actions after the vehicle has been lost or stolen. 
The rest of the paper is divided into four sections. Section 2 
described the Cluster Based Feasible Time Interval for 
Vehicle Tracking (CFTVT) algorithm, section 3 includes the 
pseudocode of the CFTVT algorithm, section 4 illustrates a 
numerical example implemented by the CFTVT algorithm 
and section 5 concludes this paper. 

II. ALGORITHM FOR VEHICLE TRACKING 
SYSTEM 

A. Cluster Based Feasible Time Interval for Vehicle 

Tracking (CFTVT) Algorithm 

First, we consider a network of a city and divide this 
network into a number of clusters. Each of the clusters 
contains arcs and nodes. Some nodes connect the clusters call 
connecting or shared nodes and some nodes are exit nodes 
located on the boundary of the network. 

Step-1: Identify the vehicle’s last position, a node of a 
cluster, before the vehicle has lost or stolen; 

Step-2: Find the shortest travel times from the node of the 
vehicle’s last position to each of the exit nodes of the 
network. 

Step-3: Find the minimum shortest travel time (say 𝑇𝑚𝑖𝑛
𝐸 ) 

from Step-2.  
Step-4: Find the minimum shortest travel time from the 

vehicle’s last position to any exit node through the clusters. 
To obtain this travel time follow the following procedure: 

Find the minimum shortest travel time (say 𝑡1) from the 
vehicle’s last position to among the connecting nodes of its 
associated clusters. Block the other associated clusters which 
have travel greater than 𝑡1. Also, block the cluster where the 
vehicle has been lost or stolen. Again, identify the minimum 
shortest travel time (say 𝑡2) from the last connecting node to 
among the connecting nodes of its associated clusters. Block 
the other associated clusters which have travel greater than 
𝑡2. 

Continue this process until no unblock cluster is available. 
Step-5: Find the minimum shortest travel time (say 𝑡𝑙) 

from the last connecting nodes found from Step-4(b) to the 
exit node of that cluster. 

Step-6: Add all the travel time obtained from Step-4 and 
Step-5; say 𝑇𝑚𝑖𝑛

𝐶 . 
Step-7: The feasible minimum time interval: [𝑇𝑚𝑖𝑛

𝐸 , 𝑇𝑚𝑖𝑛
𝐶 ] 

where 𝑇𝑚𝑖𝑛
𝐸 ≤  𝑇𝑚𝑖𝑛

𝐶 ; Stop. 
 

III. PSEUDOCODE FOR CFTVT ALGORITHM 
We consider a city where the vehicle has been lost or 

stolen. Let G = (N, L) be the graph of the city network, 
where 𝑁 be the set of nodes or vertices, and 𝐿 be the set of 
links or arcs of the pairs of nodes belonging to𝑁. We divide 
this city into a finite number of 𝑘 (≥ 2) cluster network 
zones. Let 𝐶𝑖 = (𝑁𝑖 , 𝐿𝑖) ⊂ 𝐺; 𝑖 =  1, 2, … , 𝑘; be the 𝑖𝑡ℎ 
cluster of the network 𝐺. Every two adjacent clusters have 
the connecting or shared node(s). Let 𝑎𝑗

(𝑝,𝑞) be the connecting 
or shared node of any two adjacent clusters 𝐶𝑝and 𝐶𝑞 and let 

𝑆 = {𝑎𝑗
(𝑝,𝑞)

| 𝑗 ≥ 1} be the set of all these connecting or 
shared nodes. Let 𝑒𝑖

𝑘be any exit node of the 𝑘𝑡ℎ cluster and 
let 𝑋 = {𝑒𝑖

𝑘| 𝑖 =  1, 2, … , 𝑚} be the set of all the exit nodes. 
Only the clusters on the boundary of the network 𝐺 have the 
exit nodes. Let 𝑛𝑖

𝑘 (𝑖 ≥ 1) be any node in the graph 𝐺located 
on the𝑘𝑡ℎ cluster other than the connecting and the exit node. 
Let (𝑖, 𝑗) ∈ 𝐿 be the arc or link of any two directly connected 
nodes and let 𝑡𝑖𝑗

𝑘  be the travel time from 𝑖𝑡ℎ node to 𝑗𝑡ℎ node 
of the 𝑘𝑡ℎ cluster. 

Here we assume that the vehicle has lost or stolen on any 
of the nodes of any cluster. Let 𝑣𝑟

𝑠 of the 𝑟𝑡ℎ node located on 
the 𝑠𝑡ℎ cluster be the last location before the vehicle has lost 
or stolen. Now we apply the shortest path algorithm to find 
all the shortest paths from 𝑣𝑟

𝑠 to each of the exit nodes 
𝑒𝑖

𝑘(𝑖 =  1, 2, … , 𝑚). Let 𝑡𝑖
𝑒(𝑖 =  1, 2, … , 𝑚) be the travel 

times of these shortest paths. Let 𝐸𝑡 = {𝑡𝑖
𝑒|𝑖 = 1, 2, … , 𝑚} be 

the set of the travel times of all the shortest paths from 𝑣𝑟
𝑠 to 

each of the exit nodes 𝑒𝑖
𝑘. Let 𝑇𝑚𝑖𝑛

𝐸 = min{𝑡𝑖
𝑒| 𝑡𝑖

𝑒 ∈ 𝐸𝑡} be 
the minimum travel time among all the obtained shortest 
travel times. 

Now we find the shortest path from the 𝑣𝑟
𝑠 node to the exit 

node of any boundary cluster through the associated 
cluster(s) of the 𝑠𝑡ℎcluster 𝐶𝑠. Let 𝑡1 be the minimum travel 
time among the shortest path(s) from the𝑣𝑟

𝑠 node of𝑠𝑡ℎ 
cluster to the connecting node(s) 𝑎𝑗

(𝑠,𝑝)
; 𝑝 =

1, 2, … , 𝑝, … 𝑞; of its associate cluster(s). Let 𝐶𝑝 be the 
nearest associated cluster among all other associated clusters 
of the 𝑠𝑡ℎcluster 𝐶𝑠. Block the other (if exists) associated 
cluster(s) of 𝐶𝑠 which has the greater travel time than 𝑡1. 
Again, find the shortest paths from the connecting or shared 
node 𝑎𝑗

(𝑠,𝑝) to the connecting node(s) of the associated 
cluster(s) of 𝐶𝑝 and let 𝑡2 be the minimum travel time among 
these shortest paths. Similarly, block the other (if exists) 
associated cluster(s) of 𝐶𝑝which has the greater travel time 
than 𝑡2. Continue this process until there is no unblocked 
associated cluster. Now find the shortest travel time, say 𝑡𝑙, 
from the connecting node of the last reached boundary 
cluster to the exit node of this cluster. Let 𝑇𝑚𝑖𝑛

𝐶 (= ∑ 𝑡𝑖
𝑙
𝑖=1 ) 

be the total travel time of 𝑣𝑟
𝑠 node to the exit node through 

the associated clusters. 
Therefore the time interval [𝑇𝑚𝑖𝑛

𝐸 , 𝑇𝑚𝑖𝑛
𝐶 ]where 𝑇𝑚𝑖𝑛

𝐸 ≤

 𝑇𝑚𝑖𝑛
𝐶 is the feasible minimum time period for taking action to 

find the vehicle after lost or stolen. A formal algorithm for 
obtaining feasible time interval for tracking lost or stolen 
vehicle is given below: 

Let, initially 𝑆′ be the subset of 𝑆 that contains the 
connecting or shared nodes of the associated cluster(s) of 𝑣𝑟

𝑠 
node of the 𝑠𝑡ℎcluster 𝐶𝑠. 

A. ALGORITHM CFTVT 

BEGIN 
Identify the vehicle’s last position 𝑣𝑟

𝑠 node before the 
vehicle has lost or stolen; 
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Find the shortest travel times 𝑡𝑖
𝑒 from 𝑣𝑟

𝑠 node to each of 
the exit nodes 𝑒𝑖

𝑘(𝑖 =  1, 2, … , 𝑚); 
SET  𝑇𝑚𝑖𝑛

𝐸 ← min{𝑡𝑖
𝑒|𝑡𝑖

𝑒 ∈ 𝐸}; 
SET  𝑝𝑤

𝑗
← 𝑣𝑟

𝑠 ; 
SET 𝑆′ ← 

{
𝑏𝑝

(𝑗,𝑞)
|𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑛𝑔 𝑛𝑜𝑑𝑒(𝑠)𝑜𝑓 𝑡ℎ𝑒 𝑐𝑙𝑢𝑠𝑡𝑒𝑟(𝑠) 

𝑞 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑗𝑡ℎ 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 
} ⊂ 𝑆 

SET  𝑇 ← 𝑁𝑈𝐿𝐿; 
WHILE no unblocked cluster have found DO 
Find the minimum travel time 𝑡𝑖 among the shortest 

path(s) from 𝑝𝑤
𝑗  node of 𝑗𝑡ℎ cluster to all the connecting 

node(s) of the set 𝑆′,the associated cluster(s) of 𝑝𝑤
𝑗  node; 

𝑇 ← 𝑇 + 𝑡𝑖; 
𝑝𝑤

𝑗
← 𝑏𝑝

𝑞 is the connecting node of the travel time 𝑡𝑖; 

𝑆′ ← {
𝑠𝑒𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑛𝑔 𝑛𝑜𝑑𝑒𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑡𝑜

 𝑝𝑤
𝑗

 𝑛𝑜𝑑𝑒 𝑜𝑓 𝑗𝑡ℎ 𝑐𝑙𝑢𝑠𝑡𝑒𝑟
}; 

Block the clusters which have the greater travel time than 𝑡𝑖; 
ENDWHILE; 
Find the shortest travel time 𝑡𝑙, from the connecting node 

to the exit node of the last reached boundary cluster; 
𝑇 ← 𝑇 + 𝑡𝑙; 
SET 𝑇𝑚𝑖𝑛

𝐶 ← 𝑇; 
Feasible minimum time interval: [𝑇𝑚𝑖𝑛

𝐸 , 𝑇𝑚𝑖𝑛
𝐶 ] where 

𝑇𝑚𝑖𝑛
𝐸 ≤  𝑇𝑚𝑖𝑛

𝐶 ; 
END; 

IV. NUMERICAL ILLUSTRATION 

Consider a city with the following network graph.  

Fig 1. Graph of the Network of the City 

The city is divided into five clusters say, A, B, C, D, and E. 
There is a total of 27 nodes are named as 
{0,1,2,3,4 … … … … . . … .26}. Clusters are contained all the 
nodes are given in below: 
𝐴 = {0,1,2,3,4,5}, 
𝐵 = {4,5,6,7,8,9,10},   
𝐶 = {8,12,13,18,19,20}, 
𝐷 = {11,12,16,17,18,25,26}, 
𝐸 = {10,14,15,20,21,22,23,24} 

The city has some Exit nodes such as 𝑋 = {0,9,16,24} 
which are used to get out of this city into another city. The 
set of connecting or shared nodes is given by 𝑆 =
{4,5,8,10,12,18,20}. It is required to find the time interval 
for taking an action after any vehicle has lost or stolen in any 
of the nodes in this city. Let us consider the last position or 
node where the vehicle has lost or stolen is, 𝑣𝑟

𝑠 = 19 in the 
cluster C. Here we using the Dijkstra algorithm to find the 
shortest path from node 19 to all of the exit nodes and shown 
in Table 1. 

Therefore, the minimum Shortest Travel Time among all 
of the shortest paths is,  𝑇𝑚𝑖𝑛

𝐸 = 12 along with the Shortest 
Path from node 19 of cluster C to node 16:  19 → 18 → 17 →
16. 

TABLE 1.  
THE SHORTEST PATHS FROM THE NODE OF THE VEHICLE 

HAVE LOST OR STOLEN TO THE EXIT NODES 
The shortest paths from the node of the vehicle have lost or stolen (𝑣𝑟

𝑠) 
to the exit nodes 

Starting Node 
(𝑣𝑟

𝑠) 
Exit Nodes 

(X) 

Shortest Path 
(Applying Dijkstra 

algorithm) 

Shortest Travel 
Time 

19 

0 19 → 8 → 5 → 2
→ 0 22 

9 19 → 8 → 7 → 9 17 

16 19 → 18 → 17
→ 16 12 

24 19 → 20 → 23
→ 24 16 

Minimum shortest path and 
time: 

19 → 18 → 17
→ 16 𝑇𝑚𝑖𝑛

𝐸 = 12 
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Now we find the shortest path from node 𝑣𝑟
𝑠 = 19 of 

cluster C to the nearest exit node through the clusters. The 
adjacent clusters of cluster C are B, D, and E. The set of 
connecting nodes between cluster C and its adjacent clusters 
is, say, 𝑆1 = {8, 12, 18, 20}. Table 2 calculates the shortest 
paths from node 19 to the nodes of the set 𝑆1. 

 
TABLE 2.  

THE SHORTEST PATHS FROM THE NODE 𝑣𝑟
𝑠 TO THE 

CONNECTING NODES OF THE SET 𝑆1 
The shortest paths from the node 𝒗𝒓

𝒔 to the connecting nodes of the set 
𝑺𝟏 

Starting 
Node (𝒗𝒓

𝒔) 
Connecting 
Nodes (𝑺𝟏) 

Shortest Path 
(Applying Dijkstra 

algorithm) 

Shortest 
Travel Time 

19 

8 19 → 8 8 
12 19 → 12 7 
18 19 → 18 3 
20 19 → 20 5 

Minimum shortest path and 
time: 𝟏𝟗 → 𝟏𝟖 𝒕𝟏 =  𝟑 

 
Therefore, the nearest cluster of C is cluster D. and the 

minimum Shortest Travel Time from node 19 of cluster C to 
node 18 of cluster D is, 𝑡1 =  3. Hence block the clusters: B, 
C, E. 

Here, A is only the unblock adjacent cluster of the cluster 
D. The set of connecting nodes between cluster D and its 
adjacent cluster A is, say, 𝑆2 = {2}. Now Table 3 
demonstrate the shortest paths from node 18 of the cluster D 
to the nodes of the set 𝑆2. 

 
TABLE 3.  

THE SHORTEST PATHS FROM NODE 18 OF THE CLUSTER D TO 
THE CONNECTING NODES OF THE SET 𝑆2 

The shortest paths from node 18 of the cluster D to the connecting 
nodes of the set 𝑺𝟐 

Starting 
Node 

Connecting 
Nodes (𝑺𝟐) 

Shortest Path 
(Applying Dijkstra 

algorithm) 

Shortest 
Travel Time 

18 2 18 → 19 → 8 → 5
→ 2 20 

Minimum shortest path and 
time: 

𝟏𝟖 → 𝟏𝟗 → 𝟖 → 𝟓
→ 𝟐 𝒕𝟐 =  𝟐𝟎 

 
Thus, the nearest cluster of the cluster D is A. and the 
minimum Shortest Travel Time from node 18 of cluster D to 
node 2 of cluster A is, 𝑡2 =  20. There is no unblocked 
adjacent cluster left for cluster A and the exit node of cluster 
A is 0.  

TABLE 4.  
THE SHORTEST PATHS FROM NODE 2 OF CLUSTER A TO THE 

EXIT NODE 0 
The shortest paths from node 18 of the cluster D to the connecting 

nodes of the set 𝑺𝟐 

Starting 
Node 

Exit Nodes 
(X) 

Shortest Path 
(Applying Dijkstra 

algorithm) 

Shortest Travel 
Time 

2 0 2 → 0 5 
Minimum shortest path and 

time: 𝟐 → 𝟎 𝒕𝟑 =  𝟓 

 
Here, Table 4 shows the shortest path from node 2 to the 

exit node 0 of this cluster A is 𝑡3 = 5. Hence block cluster 
A. Thus, the minimum Shortest Travel Time from the node 

of the vehicle has lost or stolen 𝑣𝑟
𝑠 = 19 to the nearest exit 

node through the clusters is, 
 𝑻𝒎𝒊𝒏

𝑪 = 𝑡1 + 𝑡2 + 𝑡3 = 3 + 20 + 5 = 28. 
Therefore, the expected minimum travel time interval for 

taking action after the vehicle has stolen is   [𝑻𝒎𝒊𝒏
𝑬 , 𝑻𝒎𝒊𝒏

𝑪 ] =

[𝟏𝟐, 𝟐𝟖]. 

V. CONCLUSION 
In this paper, we developed an algorithm to measure the 

minimum time interval to take necessary action after any 
vehicle has been lost or stolen. Many algorithms and systems 
have been found in the literature for tracking lost or stolen 
vehicles, but these algorithms cannot possibly imply if the 
action has not been taken at the appropriate time. Our 
developed model is easy to implement and is adaptable to 
any existing vehicle tracking algorithm. Further research can 
be conducted to integrate the CFTVT algorithm along with 
the existing vehicle tracking algorithm. 
 

REFERENCES 
 

[1] P. Basu, N. Khan, T. Little, A mobility based metric for 
clustering in mobile ad hoc networks, in: Distributed 
Computing Systems Workshop, 2001 International 
Conference on, 2001, pp. 413–418. 
doi:10.1109/CDCS.2001.918738. 

[2] G. Maia, L. Villas, A. Boukerche, A. Viana, A. Aquino, 
A. Loureiro, Data dissemination in urban vehicular ad hoc 
networks with diverse traffic conditions, in: Computers 
and Communications (ISCC), 2013 IEEE Symposium on, 
2013, pp. 000459–000464. 
doi:10.1109/ISCC.2013.6754989. 

[3] T. Wang, G. Wang, Tibcrph: Traffic infrastructure based 
cluster routing protocol with handoff in vanet, in: 
Wireless and Optical Communications Conference 
(WOCC), 2010 19th Annual, 2010, pp.1–5. 
doi:10.1109/WOCC.2010.5510626. 

[4] L. Maglaras, D. Katsaros, Distributed clustering in 
vehicular networks, in: Wireless and Mobile Computing, 
Networking and Communications (WiMob), 2012 IEEE 
8th International Conference on, 2012, pp. 593–599. 
doi:10.1109/WiMOB.2012.6379136. 

[5] A. Ahizoune, A. Hafid, A new stability based clustering 
algorithm (sbca) for vanets, in: Local Computer Networks 
Workshops (LCN Workshops), 2012 IEEE 37th 
Conference on, 2012, pp. 843–847. doi: 
10.1109/LCNW.2012.6424072. 

 
[6] Z. Zhang, A. Boukerche, R. Pazzi, A novel multi-hop 

clustering scheme for vehicular ad-hoc networks, in: 
Proceedings of the 9th ACM International Symposium on 
Mobility Management and Wireless Access, MobiWac 
’11, ACM, New York, NY, USA, 2011, pp. 19–26. 
doi:10.1145/2069131.2069135.  

[7] H. Su, X. Zhang, Clustering-based multichannel mac 
protocols for qos provisionings over vehicular ad hoc 
networks, Vehicular Technology, IEEE Transactions on 
56 (6) (2007) 3309–3323. 
doi:10.1109/TVT.2007.907233.  

[8] S. Khakpour et al., Using Clustering for Target Tracking 
in Vehicular Ad Hoc Networks, Veh. Commun. (2017), 
http://dx.doi.org/10.1016/j.vehcom.2017.02.002 

[9] W. Fan, Y. Shi, S. Chen, L. Zou, A mobility metrics based 
dynamic clustering algorithm for vanets, in: 
Communication Technology and Application (ICCTA 
2011), IET International Conference on, 2011, pp. 752–
756. doi:10.1049/cp.2011.0769. 

AJSE Volume 21, Issue 1, Page 63 - 67 Page 66

http://dx.doi.org/10.1016/j.vehcom.2017.02.002


[10] L. Maglaras, D. Katsaros, Distributed clustering in 
vehicular networks, in: Wireless and Mobile Computing,
Networking and Communications (WiMob), 2012 IEEE 
8th International Conference on, 2012, pp. 593–599.
doi:10.1109/WiMOB.2012.6379136. 

[11]  A. Tizghadam, A. Leon-Garcia, Autonomic traffic 
engineering for network robustness, Selected Areas in 
Communications, IEEE Journal on 28 (1) (2010) 39–50. 
doi:10.1109/JSAC.2010.100105.

[12] Z. Rawshdeh, S. Mahmud, Toward strongly connected 
clustering structure in vehicular ad hoc networks, in: 
Vehicular Technology Conference Fall (VTC 2009-Fall), 
2009 IEEE 70th, 2009, pp. 1–5. 
doi:10.1109/VETECF.2009.5378799.

[13] K. Hafeez, L. Zhao, Z. Liao, B.-W. Ma, A fuzzy-logic-
based cluster head selection algorithm in vanets, in: 
Communications (ICC), 2012 IEEE International 
Conference on, 2012, pp. 203–207. doi:10.1109/ 
ICC.2012.6363839.

[14] C. Shea, B. Hassanabadi, S. Valaee, Mobility-based
clustering in vanets using affinity propagation, in: Global 
Telecommunications Conference, 2009. GLOBECOM 
2009. IEEE, 2009, pp. 1–6. 
doi:10.1109/GLOCOM.2009.5425236.

[15] Benjamin Coifman, David Beymer, Philip McLauchlan, 
Jitendra Malik, “A real-time computer vision system for
vehicle tracking and traffic surveillance,” Transportation
research part C6, 1998. 

[16] Akande Noah Oluwatobi, “A GPS based automatic 
vehicle location system for bus transit,” 1999.

[17] Muhammad Rauf, Ahmed N. Abdalla, Nik M. Kamal, 
Azher Fakhruddin, “Design of intelligent GPS system 
navigation for bus monitoring and station reporting,” 
National Conference on Postgraduate Research
(NCONPGR), 2009.

[18] Xing Jianping, Zhang jun, Cheng Hebin, Li Changging, 
Shi xiaohui, “GPS real time vehicle alarm monitoring
system base on GPRS and CSD using the embedded
system,” International Conference on ITS 
Telecommunications, 2006. 

[19] V. Venkatakrishnan, R. Seethalakshmi, “Public transport 
ticketing and monitoring system,” Journal of Theoretical
and Applied Information Technology, Vol. 38, No.1, 
April 2012. 

[20] Prafill D. Patinge, N. R. Kolhare, “Smart onboard public 
information system using GPS and GSM integration for 
public transport,” International Journal of Advanced 
Research in Computer and Communication Engineering, 
Vol. 1, Issue V, July 2012. 

[21] Abid Khan, Ravi Mishra, “GPS-GSM based tracking
system,” International Journal of Engineering Trends and
Technology, Vol. 3, Issue 2, pp: 161-164, 2012.

[22] M. A. Hannan, A. M. Mustapha, A. Hussain, H. Basri, “ 
Intelligent bus monitoring and management system,” 
Proceeding of the World Congress on Engineering and 
Computer Science, Vol. II, October 24-26, 2012. 

[23] Hoang Dat Pham, M. Drieberg, Chi Cuong Nquyen, 
“Development of vehicle tracking system using GPS and 
GSM modem,” IEEE Conference on Open System, pp: 
89-94, 2013.

[24] R. Maruthi, C. Jayakumari, “SMS based bus tracking 
system using open source technologies,” International
Journal of Computer Application, Volume 86, No 9, 
January 2014.

Dr. Md. Ashraful Babu is an Assistant 
Professor of the Department of 
Quantitative Sciences at the 
International University of Business 
Agriculture and Technology, 
Bangladesh. Dr. Babu had been 
awarded the degrees of Ph.D. (2019) in 
Mathematics from the Department of 

Mathematics, Jahangirnagar University, Bangladesh. He had 
been trained professionally in Programming languages (C, 
C++, Fortran, R, PYTHON, PHP), Database (SQL), 
Optimization Software (CPLEX, TORA, LINGO, 
WinQSB), Data Analysis (SPSS, Eviews,) and Graphic 
Design. His research interests lie in Optimization and 
Operations Research, especially on Transportation Problem. 

 Md. Mortuza Ahmmed did his B.Sc. 
and M.Sc. in Statistics, Biostatistics and 
Informatics from University of Dhaka in 
2007 and 2009 respectively. He 
is currently working as an 
Associate Professor in Statistics under 
Department of Mathematics, American 
International University – Bangladesh. 
His research interests include 

demography, education, epidemiology etc. He has    
published several articles in local and international peer 
reviewed journals and conferences. 

Mir Kaosar Ahamed is an Assistant 
Professor in the Department of 
Mathematics, Mawlana Bhashani 
Science and Technology University, 
Tangail, Bangladesh. He moreover 
served as a Senior Lecturer in 
Mathematics at Daffodil International 
University, Dhaka, Bangladesh. Mr. 
Mir Ahamed attained B.Sc. Honors 

(2013) and M.S. (2014) in Mathematics from Jahangirnagar 
University, Bangladesh. He had been prepared 
professionally in Programming languages (FORTRAN, 
Mathematica 5.0, Mathlab, C, C++, and HTML) Data 
analysis (SPSS). His research interests lie in Operations 
management, particularly on Facility Layout Planning. Much 
of his work has been on layout design with the help of 
fuzzification process. A few of his work has been on 
Forecasting and Statistical analysis. Mir Ahamed published 
several research articles in different national and 
international journals. 

 Dr. M. Mostafizur Rahman is 
basically a mathematician with extensive 
experience of mathematical modeling in 
multi-disciplinary environment. Dr. M. 
Mostafizur Rahman was born and 
brought up in Dhaka, Bangladesh. He 
completed his bachelor in mathematics 
and masters in applied mathematics from 
the University of Dhaka. He holds a PhD 

in information engineering from the University of Padova, 
Italy and worked as a post-doctoral research fellow for two 
years in the same University. He is serving as an Associate 
Professor in the department of Mathematics at American 
International University-Bangladesh.  

AJSE Volume 21, Issue 1, Page 63 - 67 Page 67




