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ABSTRACT 

Ant Colony Optimization (ACO) is a population-based met heuristic approach that can be used to 

find approximate solution to difficult optimization problem. We attempt to develop an algorithm inspired by 

one aspect of ant behaviour i.e. the ability to find the shortest paths. ACO is a derivative of Swarm 

intelligence (SI). The ACO, introduced by Marco Dorigo, in the year 1992 and it is a paradigm for designing 

met heuristic algorithms for optimization problems and is inspired by the foraging behaviour of ant colonies. 

ACO targets discrete optimization problems and can be extended to continuous optimization problems which 

is useful to find approximate solutions. Now-a-days, a number of algorithms inspired by the foraging 

behaviour of ant colonies have been applied to solve difficult discrete optimization problems. In fact, ACO 

algorithm is the most successful and widely recognized algorithmic based on the ant behaviour. This paper 

proposes an efficient routing scheme for wireless sensor network with energy saving scheme. The proposed 

works has been validated against Particle Swarm Optimization (PSO). 
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1. INTRODUCTION 

Wireless sensor networks (WSNs) are interconnected sensor nodes that communicate wirelessly to collect 

data about the surrounding environment. It is an ad hoc network mainly comprising sensor node which are 

normally used to monitor and observe a phenomenon or a scene[1]. The sensor nodes are physically deployed 
within or close to the phenomenon or the scene. The collected data will be sent back to a base station from time 

to time through routes dynamically discovered and formed by sensor nodes. Ant colony optimization (ACO) 

methodology is based on the ant’s capability of finding the shortest path from the nest to a food source. An ant 

repeatedly hops from one location to another to ultimately reach the destination (food). ACO algorithms are 

inspired by the foraging behaviour of Ants [2]. During searching for food, normally the ant’s releases 

pheromones to establish a route from source to destination. By releasing pheromones, ants can mark the route 

they have walked, providing clues for other ants foraging. As time and the number of foraging ants increase, the 

concentration of pheromone will become dense. It changes the environment, based on which ants can gradually 

find the shortest route between their nest and the food. 

Advanced technology has become the integral part of our life [3]. To satisfy the need of the society, almost 

in each work, we use the technology [4] [5]. In current era computer science is major subject [6]. It has many 

real life applications such as cloud computing [7], artificial intelligence [8], remote monitoring [9], Wireless 
sensor network [10, 11, 12], internet of things [13, 14, 15], Neural network [16, 17], FSPP [18, 19, 20], NSPP 

[21, 22, 23, 24, 25], TP [26, 27, 28], internet Security [29], uncertainty [30, 31, 32, 33, 34] and so on. 

Technology is the mode by which user can store, fetch, communicate and utilize the information [35]. So, all the 

organizations, industries and also every individual are using computer systems to preserve and share the 

information [36] . The internet security plays a major role in all computer related applications. The internet 

security appears in many real-life applications, e.g., home security, banking system, education sector, defence 

system, Railway, and so on. In this manuscript we discuss about the protection of authentication which is a part 

of internet security.  

The most well-known monitoring test on ant’s foraging behaviour is the ―double bridge experiment‖ [3]. 

This approach says the populace of ants influences foraging behaviour which implies a shortest route from nest 

to food. Assume two routes, a long one and a short one, connecting the nest to food. At first, ants choose each 
route but, after a while, all the ants selected the shorter one. In this experiment, at the preliminary stage, none of 

the two routes have pheromone, so ants had no reference for choosing, so there’s no bias, and ants can solely 

select at random, so the likelihood of selecting one of the two routes is equal. However, the ant’s deciding on the 

shorter route would arrive at the meals supply earlier, so they can get lower back earlier. They depart the 

pheromone on the shorter route subsequent time that means that there is plenty extra pheromone on the shorter 

route than on the longer one throughout the identical period. Thus, as time passes by, accumulative 

concentrations of pheromone end up higher and greater, in contrast with the shorter one, and the ants observed 

have a tendency to select the shorter route. 

https://www.sciencedirect.com/topics/computer-science/sensor-node
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1.1 Natural Behaviour of Ant 

 
Fig.1Natural Behaviour of Ant 

ACO algorithms are stimulated through the foraging conduct of ants in the nature. In nature, some 

species of ants in searching for food will leave chemicals that can be smelled by others on the route, called 

pheromones. By releasing pheromones, ants can mark the route they have walked, offering clues for different 

ants foraging for food. As time and the variety of foraging ants increase, the awareness of pheromone in the 

surroundings will change, based totally on which ants can progressively discover the shortest route between 
their nest and the food. 

2. LITERATURE REVIEW 

ACO is an ongoing met heuristic approach for solving hard combinatorial optimization problems. The 

inspiring supply of ACO is the pheromone trail laying and following behaviour of real ants which use 

pheromones as a communication medium[37]. The pheromone trails in ACO serve as distributed, numerical 

information which the ants use to probabilistically construct solutions to the problem being solved and which 

the ants adapt during the algorithm’s execution to reflect their search experience. The artificial ants in ACO 

implement a randomized construction heuristic which makes probabilistic decisions as a function of artificial 

pheromone trails and possibly available heuristic information based on the input data of the problem to be 
solved. As such, ACO can be interpreted as an extension of traditional construction heuristics which are readily 

available for many combinatorial optimization problems [38]. 

The behaviour of real ants looking for food inspires the ACO algorithm. The ants spread pheromone during 

their search, creating a trail which influences the path choice of other ants. The algorithm uses numerical 

information to represent the pheromone trails and keeps information about the search experience[39]. Each ant 

takes randomized decisions iteratively until achieving a complete solution these decisions follow a probability 

that considers all information available at the moment. 

Each artificial ant in ACO develops a stochastic arrangement, leading to a wide range of courses. The 

development utilizes the data accessible right now and furthermore the experience got with different answers for 

include parts, individually, in the arrangement. In the event that it is conceivable to make a system that produces 

an answer for a discrete improvement issue at that point, on a basic level, it is conceivable to apply the ACO[7]. 
Swarm intelligence (SI) is a moderately new way to deal with critical thinking that takes motivation from 

the social practices of creepy crawlies and of different creatures. Specifically, insect have enlivened various 

strategies and methods among which the most contemplated and the best is the broadly useful advancement 

strategy known as subterranean insect province streamlining. ACO takes motivation from the rummaging 

conduct of some subterranean insect species. These ants store pheromone on the ground so as to stamp some 

positive way that ought to be trailed by different individuals from the state. 

Subterranean insect state improvement misuses a comparative instrument for tackling streamlining issue. 

From the mid-nineties, when the primary insect state streamlining calculation was proposed, ACO pulled in the 

consideration of expanding quantities of analysts and numerous fruitful applications are currently accessible. In 

addition, a significant corpus of hypothetical outcomes is opening up that gives valuable rules to analysts and 

experts in further utilizations of ACO. 

3. PROPOSED MODEL 

In this paper, I propose an ACO algorithm using Travelling Salesman Problem which is developed 

according to the observation that real ants are capable of finding the shortest path from a food source to the nest 

destination. 
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3.1 Travelling Salesman Problem 

 The travelling salesman problem was defined in the 1800s by the Irish mathematician W. R Hamilton 

and by the British mathematician Thomas Kirkman. The travelling salesman problem is a classic algorithm 
problem in the field of computer sciences. It is mainly used for optimization problem. 

 The motivation behind the Travelling Salesman Problem Travelling is the problem faced by a salesman 

who needs to visit a number of customers located in different cities and tries to find the shortest route 

accomplishing this task. 

In the travelling salesman problem, a set of cities is given and the distance between each of them is 

known. The goal is to find the shortest path that allows each city to be visited once and only once[40][41]. 

  
Fig.2 An Ant  

In ACO, the problem is tackled by simulating a number of artificial ants moving on a graph that 

encodes the problem itself: each vertex represents a city and each edge represents a connection between two 

cities. A variable called pheromone is associated with each edge and can be read and modified by ants[42] . In a 

fig 2, An ant in city i chooses the next city to visit via a stochastic mechanism: if j has not been previously 
visited, it can be selected with a probability that is proportional to the pheromone associated with edge (i,j)[43]. 

ACO is an iterative algorithm. At each iteration, a number of artificial ants are considered. Each of them builds 

a solution by walking from vertex to vertex on the graph with the constraint of not visiting any vertex that she 

has already visited in her walk. At each step of the solution construction, an ant selects the following vertex to 

be visited according to a stochastic mechanism that is biased by the pheromone: when in vertex i, the following 

vertex is selected stochastically among the previously unvisited ones[44]. In particular, if j has not been 

previously visited, it can be selected with a probability that is proportional to the pheromone associated with 

edge (i, j)[45]. 

At the end of an iteration, on the basis of the quality of the solutions constructed by the ants, the 

pheromone values are modified in order to bias ants in future iterations to construct solutions similar to the best 

ones previously constructed[46]. 

4. FLOW CHAT FOR ACO 

 
Fig.3 ACO Flow Chat 

https://simple.wikipedia.org/w/index.php?title=Thomas_Kirkman&action=edit&redlink=1
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Algorithm1: The generic ACO Algorithm for TSP 

Algorithm ACO for TSP 

Initialize Trail 
Do While (Ending Criteria Not Satisfied) 

Cycle Loop 

Do Until (Each Ant Completes a Tour) 

Tour Loop 

Local Trail Update 

End Do 

 Analyse Tour 

Global Trail Update 

 End Do 

 

5. RESULTS 

 
Fig.3.1 Optimal tour cost found [16541] 

In the above fig.3.1,To reach city 1 from city 2 the cost is [16541.720710416905] and the path we 

should follow is [14,0,30,29,26,27,25,24,23,19,20,21,17,2,16,18,22,22,15,4,5,6,1,3,7,8,9,12,11,13,10,28].14 is 

the starting node and 28 is the ending node. 

 
Fig.3.2 Optimal tour cost found [16537] 

In the above fig.3.2, To reach city 1 from city 2 the cost is [16537.41099931273] and the path we 

should follow is [8,9,7,3,1,4,5,6,12,11,13,28,10,22,15,18,16,17,2,21,20,19,23,24,25,27,26,29,30,0,14].8 is the 

starting node and 14 is the ending node. 

 

 
Fig.3.3 Optimal tour cost found [16280] 
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In the above fig.3.2, To reach city 1 from city 2 the cost is [16280.862583371596] and the path we 

should follow is [12,11,13,10,22,15,4,5,6,1,3,7,8,9,16,18,17,2,20,21,19,23,24,25,37,26,29,30,28,0,1].12 are the 

starting node and 14 is the ending node. 
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7. CONCLUSION 

 In this paper, ACO is an ongoing proposed metaheuristic approach for solving hard combination 
optimization problems. Artificial ants implement a randomized construction heuristic which makes probabilistic 

decisions. In ACO Local Search is extremely important to obtain good results.  It is shown in the iteration that 

all the ants converge to the best path which gives minimum distance. The pheromone distribution for iteration 

and the next city selection based on maximum probability is determined in the iteration. It is evident from the 

analysis that the rich pheromone edge is converges the best path for the travelling salesmen problems. 
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