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Abstract—A Dynamic Travel Path Optimization System
(DTPOS) based on Ant Colony Optimization (ACO) for the pre-
diction of the best path to a given destination is presented. The
system is modeled in a multi-agent multi-purpose framework
in NetLogo and experiments conducted on 100 test vehicles
under different traffic scenarios. The test vehicles are released
from a fixed location in the simulation environment and given
a predefined destination. The route taken by the vehicles to
reach the destination gives a measure of the intelligence in
the system. Two variations of the system, DTPOS with ACO
(DTPOS+ACO) and DTPOS without ACO (DTPOS-ACO) are
investigated to establish the effect of ACO on the solution. For
every vehicle which successfully makes it to the destination,the
mean travel time is recorded. The results have shown that
at all traffic densities the mean travel time of vehicles in
DTPOS+ACO was always lower than those for DTPOS-ACO.
Also it was shown that for the same percentage of vehicles
arriving at the destination, DTPOS+ACO vehicles took less
time than DTPOS-ACO vehicles.

Keywords-Intelligent Transport Systems (ITS); Vehicular Ad
hoc Networks (VANETS); Swarm Intelligence (SI); Ant Colony
Optimization (ACO); Dynamic Travel Path Optimization Sys-
tem(DTPOS)

I. INTRODUCTION

Traffic congestion has been a serious problem on roads
around the world ever since ancient Roman times, when the
streets of Rome became so congested that all non-official
vehicles were prevented from entering the city [1]. In recent
times, traffic congestion has been responsible for problems
like long delays, wasted time, and increased pressure [2],
not only to drivers, but also to passengers and even to
pedestrians.

In the United States for instance, research has shown that
4.2 billion hours are wasted daily just waiting in traffic; this
converts to 2.8 billion gallons of fuel [3]. Similar results
have been recorded in Europe, Japan, and Australia [4][5][6].
Research has demonstrated that lower speed vehicles emit
more C'Os,, for instance, vehicles traveling at 60Kph emit
40 percent fewer carbon emissions than vehicles traveling
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at 20Kph and vehicles traveling at 40Kph emit 20 percent
fewer emissions than the 20Kph baseline [6].

Intelligent Transport Systems (ITS) provide attractive
methods for reducing congestion, which involves the use of
modern electronic information systems to control, manage,
and regulate traffic flows according to inputs from traffic
flow status prediction systems, through dynamic signal tim-
ings [7][8].

In this paper, we propose a Dynamic Travel Path Op-
timization System (DTPOS) which is an ITS solution to
the traffic problem based on Ant Colony Optimization
techniques. Ant colony optimization is a classic exam-
ple of Swarm Intelligence (SI), in which case ants using
pheromone relay information from one ant to the other to
enable them determine the shortest and optimum path from
a new food source to the nest. Initially, the ants travel on
all possible paths while depositing pheromone on their trail.
After some time when more ants use the shorter paths, more
pheromone is deposited to act as positive feedback which
quickly results in the shortest trail being selected as a better
option due to its high pheromone concentration. The ACO
algorithm mimics the behavior of ants foraging for food
[91[10].

The remainder of the paper is organized as follows:
Section II briefly looks at some related works; Section III
mathematically models the ant colony optimization solution
to the traffic problem; Section IV introduces the proposed
ACO inspired DTPOS model and Section V touches on the
simulation of the model by NetLogo and Section VI dis-
cusses the results. Finally Section VII presents conclusions
on our key research findings.

II. RELATED WORKS

The first instance where an ant based system was used for
dynamic problem solving was in [11]. Ant Colony Optimiza-
tion (ACO) has been applied to dynamic path optimization
in [12]. The authors in [12] have also demonstrated how the
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ACO algorithm can be structured so as to adapt to changes in
the initial constraints of the optimization problem. In [13]
an optimum traffic system for the reduction of vehicular
traffic congestion in an urban environment is proposed. The
algorithm proposed in this system has the limitation of
performing well only when the number of agents is above
100. A dynamic system for the avoidance of traffic jams
(DSAT]J) is also proposed in [14]. This system gives an
alternative path whenever there is a traffic jam at any section
of the road and resumes to the original route when the traffic
situation gets better. An ant colony system for a dynamic
vehicle routing problem has been proposed in [15], this
system provides a means to route a fleet of vehicles with
the objective of visiting a set of customers in minimum
time. A hybrid ACO technique for dynamic vehicle routing
is introduced in [16]. In [17], an improved ant colony
optimization algorithm by Previous Path Replacement (PPR)
which the authors term path crossover for optimal path
planning is introduced.

In [18], a preference based shortest path determination
using ACO is investigated. In this case, shortest path is
obtained taking into consideration the preferred paths of
the agents. In [19] ACO has been applied to a multi-
criteria vehicle navigation problem. In this case an exact
shortest path solution is not the ultimate objective but a
compromised set of best solutions taking into consideration
different preferences by different drivers.

ACO has been extensively applied to shortest path prob-
lems in [20]-[22]. In [23], the time for obtaining shortest
path solution is shortened by using a modified version of the
AntNet routing algorithm. In [24], a traffic congestion fore-
casting algorithm based on a pheromonal communication
model is proposed. This algorithm allows vehicles to react to
dynamically changing traffic situations through information
disseminated in the pheromone model. A system for travel
time prediction which takes into consideration past, present,
and future traffic trends is presented in [25].

In our previous work in [26], we introduced a Distributed
Intelligent Traffic System (DITS) which proposes a solution
to the traffic problem using ACO. In that paper, we investi-
gated how ACO reduces the global traffic situation through
cooperation among the vehicles. In our recent work in [27],
similar to the work proposed in this paper an optimum path
prediction is proposed using ACO. The results are however
limited to a single traffic density and traffic distribution. In
this paper, we vary the traffic density as well as the traffic
distribution and investigate the effect of ACO on the Mean
Travel Time (MTT) as well as the percentage of vehicles
arriving at the destination, and the time taken. To implement
information relay among the vehicles in DTPOS we refer to
our previous work in [28].
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III. MATHEMATICAL MODELING OF THE ACO
SOLUTION TO THE PROBLEM

In defining the path determination problem, we consider
a minimization problem (S, f,€2), where S is the set of
candidate solutions, f is the objective function which assigns
an objective function value f{s,#) to each candidate solution
s € S and §(¢) is the set of constraints. The parameter ¢
indicates that the objective function, and the constraints can
be varying with time. The goal is to find a globally optimal
feasible solution s* which is a minimum cost feasible
solution to the problem.

In determining the candidate solution set S, we begin by
first defining a solution set R such that R = {ry, 79, r3...7 }.
The constraint §2 is such that (s,d) is the best path given
a source to destination pair (s,d). In building a complete
solution S we begin from an empty set () and then build a
complete solution S stepwise by adding one new component
r; € R at every step.

The step by step decision depends on a stochastic decision
policy (IT) which depends on a set of pheromone variables
7;j. A policy in this context is a rule which links the resultant
status to an action based on given constraints. The stochastic
policy 7;; is characterised by a distribution probability over
all the likely actions. Each feasible action is connected to a
selection probability. An action is therefore taken based on
the selection probability for that action. 7;; therefore gives
an indication of how good the decision to use a particular
path is. For example 7;; can represent the desirability of
having (r;,7;) in the anticipated solution sequence.

The ultimate objective is to get a good complete solution
which satisfies the primary goal of having the best path from
a source s to a destination d. 7;; therefore represents the
desirability of moving from s; to s; in order to reach a
destination d such that the final path from a source s to a
destination d is the optimum, given a list of candidate paths.
The 7;; values are used to calculate the selection probability
P;; of each solution.

If N(r;) is the set of all likely components in state r;,
then the probability of each r; € N(r;) is calculated as P;;.
The road network is represented as a directed graph G such
that:

G=(N,E) (1)

where N=(N1,N2,N3,N,4...IN,,) is the set of n nodes (i.e.
junctions) and E' is the set of directed edges as shown in
Figure 1. The objective of the model is to route vehicles
so that they reach their destination in the quickest time
possible while avoiding heavy traffic portions of the road.
The modeling of the problem is subject to the following
limitations:

Let 7 represent the delay in vehicular movement and ¢
the congestion situation; it can clearly be seen that: ¢ x ¢,
however, even though other factors like road accidents and
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Figure 1. A typical road scenario for best path determination.

road works can also cause delays, traffic delays in this case
are only limited to congestion. In this case all delays as a
result of other factors are quantified in terms of congestion.

E;; is characterized by the length x;; and traffic T;;. Each
route in the network is represented by (2) below:

R = a; 2
where
g — 1, if node j is visited after node ¢ 3)
Y0, otherwise

where i,j=1...n and n is the total number of nodes in the
route R.

We assume that time taken to traverse F;; is independent
of time taken to traverse other edges. Therefore the total
transit time 7T,,,(R) for a route R is given by:

Tn(R) = Z Z a;jTij Ly 4)
i=1 j=1
The objective is to choose a path to the destination which

minimizes 7T,,(R). Every path is assigned a score and the
path with the best score is attained under the condition:

Best Score(S) = Score at min(xz;;T;;) )

The shorter the route the more traffic it attracts. The
relationship between distance and traffic can therefore be

represented as:

1
Tz“(XW (6)

)

The ultimate objective is to get a solution which is a
trade-off between minimum distance and traffic. We play
around both parameters in arriving at the best solution to
the problem. In moving from node i to node j the cars make
a decision based on the probability below:

a8
pij — L”B )
ZhGQ T3y,

where « and S give the influence of traffic (pheromone)
and distance on the solution and Q is the set of nodes
not yet visited. The traffic (pheromone) update depends on
the evaporation rate (the rate at which cars leave) p and
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the deposition rate A;; (the rate at which cars arrive). The
pheromone or traffic update is governed by the equation:

Ty = (1= p)Ti; + Ay (®)

A;; depends on whether a car used the edge a;; or not,
ie whether a;; or aj; =1. The total amount of pheromone
added or traffic added can be calculated as follows:

N
= Y
Ay=D ©)

tm (k) is the time taken by the car & in covering that section
of the road and is a function of the speed of the car v(r).
N is the total number of cars in that section of the road

b (k) = f(i,j) (10)

Substituting equation (10) into (9) and (8) yields:

M0
Ty =(0-p)Ty+ Y =% (11)
k=1 v(k)
Selecting o and 3 such that
a+p=1 (12)
Equation (7) is reduced to:
a,.(1—a)
TS,
Pij = % (13)
> oheq Tinin

At every junction, the car computes the probability P;; in
(13) and selects the junction with the highest probability.
It continues until it gets to the destination, after which the
travel time is computed. In testing the model, it is compared
with a model that computes its probability by considering
only the distance of the candidate paths with no knowledge
of the traffic. In that case:

Lij
K K
>ist Zj:l Lij

where K is the number of candidate junctions. Before traffic
begins to build up all other cars arriving at the junction
choose their path based on (14). In that case, the path
with the shortest distance to the next junction is selected,
however; if the distances are the same, they all have an
equal probability of being selected. Portions of the above
mathematical model were introduced in [9] but the main
difference between this approach and previous methods is
the use of ABM techniques to investigate the effect of other
agents on the global optimum path determination problem.

Py = (14)
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IV. DTPOS DESCRIPTION

The DTPOS proposed in this section is developed within
the framework of a Multi Agent Multi Purpose (MAMP)
system architecture to predict the optimum path to a pre-
defined destination. The ultimate objective of DTPOS is
to reduce the travel time by intelligently selecting the best
path in terms of distance and traffic. The proposed system
accomplishes this task by computing a selection probability
P;; for the best path at every traffic intersection. In this paper
two variations of the DTPOS, DTPOS+ACO and DTPOS-
ACO which differ only in the inclusion of ACO in one and
its absence in the other are developed and simulated. The
results are then discussed in later sections to get a better
understanding of the effect of ACO on VANETS.

—0

Figure 2. NetLogo GUI with 6x6 road network topology.

The use of agent-based models(ABMs) or individual
based simulation models is growing rapidly in a number of
fields. The Logo family of platforms is currently one of the
most widely used ABMs. NetLogo is popular in this family
because it offers the option of studying the behaviour of
individual agents working in isolation as well as the effect
of the agents working in a community.

1) DTPOS+ACO Description: The ACO inspired system
relies on repeated sampling of multiple solutions to the
optimum path determination problem. The solutions from
these outcomes are used to update the value of pheromone
variables in the model. The major difference between this
system and ant behavior is that while ants choose the path
with the highest pheromone concentration as the best path,
the proposed system selects the path with the least traffic as
the best path. As the traffic concentration increases, the prob-
ability of selecting a particular path reduces. Figure 2 shows
the GUI of the NetLogo implementation of DTPOS+ACO.

The DTPOS+ACO mimics traffic behavior in an urban
environment. The system has a control environment which
permits the user to set the initial conditions for the experi-
ment and an observation environment which gives a visual
display of what is happening in the simulation environment.
The system permits the number of cars, the maximum speed,
the destination and the traffic controls to be set by the user.
It relies on mobile agents which are vehicles in this case
and stationary patches which represent the road network.
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There are two breeds of vehicles in the system; these
are test cars and passers. The test cars are assigned specific
destinations and the time taken for them to maneuver their
way through the traffic to reach their destination is recorded
as the travel time. The second breed of vehicles, the passers,
also travel within the study environment to create a traffic
situation but they are not monitored as is done for the test
vehicles. The system works in such a manner that when test
cars get to the junctions and a decision has to be made
as regards which path to take, the vehicles compute the
probability F;; as indicated in equation (13). The path with
the best probability at that instance is selected by the vehicle.
As soon as a test car arrives at its destination the travel
time is recorded, and the vehicle dies out of the simulation
environment. The stopping criterion for the simulation is for
all the test cars to arrive.

2) DTPOS-ACO Description: The DTPOS-ACO is simi-
lar to Figure 2 shown above. The major difference between
the two systems is in the way the selection probability
is calculated. P;; in this case is calculated only from the
distance without taking the traffic into consideration as
illustrated by (14).

V. SIMULATION FLOW DIAGRAM

In this section, the simulation flow diagrams for the two
DTPOS systems are discussed to give a better understanding
of how they are simulated. As has already been mentioned
the systems are implemented in NetLogo. To have a fair
comparison, both systems are simulated under the same con-
ditions, and the results obtained are analyzed. The systems
are simulated based on the simulation flow diagram shown
in Figure 3. The simulation is initialized by choosing the
size of the grid, the number of cars, the maximum speed of
cars, the pheromone evaporation rate, the traffic duty cycle,
and the recording time interval. The pheromone values are
initialized to give a better picture of the traffic buildup as
the simulation progresses.

The simulation terminates when all the test cars have
arrived at a given destination. For every traffic density
selected, five separate traffic distributions are considered and
the simulation run until the stopping criteria is met. The
simulation parameters are as shown in TABLE I. 100 test
cars are made to travel a fixed distance under different traffic
densities and the mean travel times as well as the percentage
of cars arriving at the predefined destination are recorded and
compared.

VI. SIMULATION RESULTS AND ANALYSIS

Let the time taken by a vehicle i to arrive at the predefined
destination be ;. Given that N vehicles successfully arrived
at the destination, the mean travel time given N vehicles is

given by:
Ei]il ti

b= =

15)
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Figure 3. Simulation Flow Diagram for DTPOS.

TABLE I
SIMULATION PARAMETERS.

PARAMETER

SPECIFICATION

Model Simulator

NetLogoV4.1RC5

Total number of vehicles

200, 300 and 400

Total number of test vehicles 100
Road Topology 6x6
Maximum Speed 1.0(50Km/h)
Trace volatility rate(p) 8 percent
a 0.5
5 0.5

Terminating Criteria

All test cars to arrive

Also let the number of vehicles arriving at the destination
be K and let T be the time taken for all the vehicles to
arrive at the predefined destination. The time taken for all
vehicles to arrive is calculated as a sum of the individual
times. Hence the total time is given by:

K
Tk =Y t;
=1

In the experiment, 100 test vehicles are set off and the mean
travel time for every N vehicles arriving is computed using e-
quation (15). The time taken for a percentage of the vehicles
to arrive at the predefined destination is also recorded. Three
different cases are defined for the experiment as follows:

(16)

e Case 1: 200 Vehicles in 6x6 topology;
e Case 2: 300 Vehicles in 6x6 topology;
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o Case 3: 400 Vehicles in 6x6 topology.

The experiment is conducted for DTPOS+ACO and
DTPOS-ACO to obtain ¢; and Tk for three different traffic
densities. ¢; and Tk are measured in ticks which translates
to seconds in the simulation. Itick is equivalent to 1second
in this simulation.

A. Casel: 200 Vehicles

Figure 4 shows the mean travel time comparison for
DTPOS+ACO and DTPOS-ACO for a traffic density of 200
vehicles. It is evident that vehicles in the DTPOS+ACO case
have shorter mean travel times than those in the DTPOS-
ACO case. What this means is that vehicles in the DT-
POS+ACO case spend less time reaching their destination
compared to those in the DTPOS-ACO case travelling to
a common destination. Figure 5 also shows the percentage
of vehicles arriving at the specified destination and the
cumulative time taken. As can be seen from the figure it
takes about 50ticks for 50 percent of the vehicles to arrive
in the DTPOS+ACO case and vehicles take 100ticks which
is twice that time to get 50 percent of the vehicles arriving
in the DTPOS-ACO case. The figures double in both cases
to have 100 percent of the vehicles arriving.

Mean Travel Time: Case 1

——DTPOS + ACO
r| —=—DTPQOS - ACO

Mean Travel Time of Vehicles(ticks)

0 20 40 60 80
Number of Vehicles Amiving

100

Figure 4. Mean Travel Time of Vehicles: Case 1.

B. Case 2: 300 Vehicles

Figure 6 shows a similar trend to what has been previously
discussed with DTPOS+ACO showing lower mean travel
times than DTPOS-ACO. The mean travel time figures
however are much higher for the 300 vehicles traffic density
than for the 200 vehicles.

Figure 7 also shows the percentage of vehicles arriving
at the predefined destination and the time taken for all of
them to reach their destination. For the case of 300 vehicles,
it takes 100ticks for SOpercent of the vehicles to arrive at
the destination in the DTPOS+ACO situation and 200ticks
for the same percentage to arrive at the destination in the
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Figure 5. Percentage of Vehicles Arriving Vs Time: Case 1.

Mean Travel Time: Case 2
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Figure 6. Mean Travel Time of Vehicles: Case 2.

Cumulative Amrival Time: Case 2
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Figure 7. Percentage of Vehicles Arriving Vs Time: Case 2.

DTPOS-ACO situation. It takes twice as much time in both
systems for all the vehicles to arrive. Once again it has been
shown that vehicles in the DTPOS+ACO case use less time
than those in DTPOS-ACO.
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Mean Travel Time:Case 3
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Figure 8. Mean Travel Time of Vehicles: Case 3.
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Figure 9. Percentage of Vehicles Arriving Vs Time: Case 3.

C. Case 3: 400 Vehicles

Figure 8 shows the mean travel time comparison of
vehicles for the two systems with a traffic density of 400
vehicles. The trend remains the same with higher values of
travel time as a result of the increased traffic density. Figure
9 however, shows an interesting trend when the percentage
of vehicles arriving and their cumulative times are studied.
It was realised that as the traffic density increases it becomes
almost impossible for all the vehicles to arrive in the
DTPOS-ACO case. For the 400 vehicles traffic density, it
was realised that while it took about 220ticks for all the
vehicles to arrive in the DTPOS+ACO case, it took almost
600ticks which is almost thrice the time for all the vehicles
to arrive in the DTPOS-ACO case.

VII. CONCLUSION

In this paper, a dynamic travel path optimization system
has been proposed. The system is implemented in NetL-
ogo. Two cases of the DTPOS have been developed, one
with ACO and the other without ACO. The two systems
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were simulated, and the results analyzed for comparison
of performance. The performance indicators studied have
shown that the DTPOS with ACO always gives results
which are better than the case without ACO. At all traffic
densities, the mean travel time of vehicles was always lower
for the DTPOS+ACO than the DTPOS-ACO. Also, the
percentage of vehicles arriving at the destination and their
cumulative time were compared, and it was evident that
DTPOS+ACO took less time for all the vehicles to arrive
than DTPOS-ACO. It can therefore be inferred that Ant
Colony Optimization solves the vehicular traffic problem by
substantially reducing the travel time.
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