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Abstract 

Routing packets from source nodes to destination nodes in Wireless Sensor Network 

(WSN) is complicated due to the heterogeneous nature and distribution of sensor nodes. 

Packet loss problem in WSN may occur when the sensor node carrying more packets than 

its capacity. This can affect throughput, energy consumption and success rate of the WSN 

system. This paper proposes an improved Ant Colony Optimization (ACO) algorithm for 

packet routing to solve packet loss problem in wireless sensor network. The proposed 

algorithm is inspired from a variant of ACO which is Ant Colony System (ACS) that 

consists of local and global pheromone updates to enhance routing path exploration and 

exploitation. Experimental results showed that the proposed algorithm improved the 

performance of the proposed ACS algorithm in terms of reducing packet loss and 

increasing the energy efficiency of sensor nodes. 
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1. Introduction 

Wireless sensor network (WSN) is a large-scale networking area that consists of 

geographically distributed sensor nodes with limited capabilities, such as storage, battery 

power, and communication capabilities [1]. Sensor nodes are responsible in sensing any 

changes in the WSN environment, communicate between the other sensor nodes during 

packets transmission, and sometimes perform basic computation operation with the 

collected data. WSN has been applied in many real applications such as healthcare [2, 3], 

military [4], environment monitoring [5, 6] and industrial [7]. Sensor nodes that consist of 

source and destination nodes are geographically placed by using static, dynamic and 

mobile modes depending on its usage and functionalities [8].  

Scalability and robustness are some of the main aspects considered in the 

implementation of any routing algorithm in the WSN system [9]. Due to unlimited 

transmission range, sensor nodes act as an intermediate medium in WSN to forward 

packets from source to destination nodes. Packets in WSN are sent using multi-hop 

technique between available sensor nodes and connected to the end user by using the 

network gateway. The main factors that need to be considered in selecting the next sensor 

node are the remaining energy of the sensor node and length to the destination node. 

Packet routing in WSN aims to minimize packet loss, overload, delay, and energy 

consumption of sensor nodes [10]. At the same time, a good routing algorithm influences 

the maximizing of throughput and network lifetime. 
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Packet loss is a condition where transmitted packets from source node fail to reach at 

the destination node. This problem happens in WSN due to network congestion when 

certain sensor nodes are over utilized to handle multiple packets routing. The packet loss 

problem is considered critical and needs to be effectively tackled to increase the quality of 

throughput and success rate of the routing process [11]. 

 This paper presents an Ant Colony System (ACS) based packet routing algorithm in 

WSN. ACS is a variant of Ant Colony Optimization (ACO) algorithm that uses heuristic 

function to construct routing solution in dynamic distributed environment [12]. Section 2 

describes previous works based on ACO in WSN and the proposed algorithm is presented 

in Section 3. Section 4 covers experimental result and conclusion is highlighted in Section 

5. 

 

2. Related Works on ACO in Wireless Sensor Network 

The ACO algorithm is inspired by the foraging behavior of ants where they work in 

groups in finding the shortest path to food source [13]. A chemical substance called 

pheromone will be used as an indicator to mark the selected path. Pheromone is deposited 

by ants on the ground during their journey to food source from nest and vice versa. The 

optimal path or shortest path will be determined by the following ants based on the 

amount of the pheromone deposited by previous ants. The shortest path that has high 

pheromone value is better than the path with low pheromone value [14]. This cooperative 

communication behavior and the other unique characteristics make the ant-based 

algorithm as a promising model in building a new algorithm. 

Various types of the ACO algorithm have been proposed by researchers such as Ant 

System (AS), ACS, Elitist Ant System (EAS), Max-Min Ant System (MMAS), and Rank-

Based Ant System (RAS) [13]. ACO has successfully solved many problems such as 

travelling salesman problem [15], fault tolerance [16], sequential ordering [17], and grid 

scheduling [18]. ACO has recently been applied by researchers to solve packet routing 

problem in WSN because of its adaptability on static, dynamic, and mobile WSN 

environments [19]. 

The Energy Efficient Ant-Based Routing (EEABR) algorithm was proposed by [20] 

with the objective to minimize the communication overload and energy consumption of 

sensor nodes. Probabilistic decision rule is used in the sensor node selection process and 

global pheromone update is implemented to increase the pheromone on selected path to 

encourage its attractiveness in the next iteration. An experiment was conducted to analyze 

the performance of EEABR with Basic Ant Based Routing (BABR) algorithm and 

Improved Ant Based Routing (IABR) algorithm in terms of energy efficiency. Despite 

EEABR having better performance, it did not effectively consider the exploration of 

alternative routing path that can avoid the dead node problem which affect the network 

lifetime of the system. 

[21] proposed a routing algorithm based on MMAS to solve delay, packet loss, and 

energy consumption problem in WSN. The search angle technique has been proposed by 

the algorithm to limit the search area of ants during the sensor node selection process. 

Ants can increase the speed to search for potential sensor nodes while nodes can only 

broadcast their information to the neighbors within the search angle area. This approach is 

claimed to reduce the energy consumption of sensor nodes. The amount of pheromone on 

each sensor node is different, where sensor nodes on the optimal path will get more 

pheromone as compared to the others. In order to control the stagnation in WSN, the 

quantity of pheromone is limited to the maximum and minimum ranges based on the 

MMAS concept. The experimental results showed that the proposed algorithm has lower 

packet loss, dead node, and delay as compared to the basic MMAS algorithm. Despite its 

performance, the exploration of new search areas and the pheromone update technique 

were not successful in preventing the hotspot problem in WSN. 
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[22] proposed a routing algorithm that incorporates the mobile sink technique into the 

ACO algorithm to improve the network lifetime of dynamic WSN. The responsibility of 

ants in the proposed algorithm is to calculate the energy level of each sensor node while 

selecting the best location to allocate the mobile sink node. The location of the mobile 

sink node changes based on the energy level of sensor nodes. Packets will be forwarded to 

the mobile sink node by sensor nodes with high energy level through the multi-hop 

technique. The approach of the mobile sink node is expected to reduce the number of 

hops taken by ants to forward packets to the destination, and save the energy of sensor 

nodes. It was proven that the proposed algorithm is more effective in the mobile WSN 

environment as compared to the static WSN environment. However, ants in the proposed 

algorithm will select the same path in submitting packets because there is no pheromone 

update function that can encourage the exploration of new search areas. This may lead to 

the hotspot problem where certain sensor nodes drastically drain their energy. 

[23] proposed a hybrid routing algorithm that integrates the cluster technique and ACO 

algorithm with the aim to improve the energy efficiency and network lifetime of sensor 

nodes in WSN. The best sensor node in each cluster will be selected as a cluster head 

based on residual energy and distance from the sensor node to the destination node. 

Meanwhile, the ACO algorithm is used in finding the optimal path between the cluster 

head and neighbor node. To prevent stagnation, the pheromone update technique is 

applied on visited paths by the ACO algorithm. The proposed algorithm was evaluated 

against Low Energy Adaptive Clustering Hierarchy (LEACH) and PARA algorithms in 

terms of energy consumption and number of survival nodes. Even though the results 

showed that the proposed algorithm is favorable in both aspects, the validation process 

did not cover the delay and throughput. 

 

3. Enhanced Ant Colony System for Packet Routing in Wireless Sensor 

Network 

Enhanced Ant Colony System (EACS) algorithm is proposed to enhance the routing 

process in WSN in terms of increasing energy efficiency and reducing packet loss. The 

proposed algorithm is based on the ACS algorithm that consists of probabilistic decision 

rule, local pheromone update, and global pheromone update. There are two types of ants 

which are forward ant and backward ant. The forward ant is created at the source node to 

construct routing path to the destination node. The main task for the forward ant is to 

construct a path by moving from one sensor node to the other sensor nodes using multi-

hop technique before forwarding the data packets. The information of every visited sensor 

node is saved in the ant’s memory. A routing table on each sensor node that contains 

current pheromone value and energy level of node will be initialized so that the ant will 

choose the best sensor node using probabilistic decision rule. This approach encourages 

the selection of edges that leads to the highest energy sensor node.  

The local pheromone update is applied by the forward ant on the last traversed edge 

before destination node to reduce the pheromone intensity on this edge while encouraging 

the use of alternative edge to the destination node. This approach can also reduce the 

hotspot problem where sensor nodes near the destination node will drastically drain their 

energy as compared to the other sensor nodes further away [10], [24]. This problem 

happens because sensor nodes near the destination node consume more energy to forward 

packets on behalf of the other sensor nodes located far away from the destination node. 

To overcome this problem, the local pheromone update is introduced to reduce the 

pheromone of the last visited node before the destination node. The proposed local 

pheromone update is defined by: 

 

(1) 
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where τ(r,s) is the current pheromone value of the edge, φ is the coefficient value that can 

control the range of pheromone values,  Ei is the initial energy of sensor node, and Er is 

the remaining energy of sensor node. The forward ant will be transformed into a 

backward ant once it reaches the destination node. The backward ant is responsible to 

perform global pheromone update to all previously traversed sensor nodes through 

backward movement to increase the pheromone value so that the path becomes attractive 

to the following ants. The number of visited nodes and amount of energy used are 

considered in the calculation of the global pheromone update formula. The attraction to 

the optimal path by the following ants can be increased through the global pheromone 

update. The global pheromone update is adopted from [13] and the formula is defined by: 

 

(2) 

                                                          

where ρ is the evaporation rate value and ∆τ(r,s) is defined by the following formula: 

 

(3) 

 

where Eavg is the average energy of visited sensor nodes and Nr is the number of visited 

nodes from node r until the destination node.         

 

4. Experimental Result 

Experiments were conducted to compare the performance of the proposed EACS 

algorithm with EEABR algorithm and Cost-aware Ant Routing (SC) algorithm in terms of 

packet loss rate, latency, and energy efficiency. All the experiments were performed using 

9, 25, 49, and 100 sensor nodes and simulated for 100 seconds. The same simulation 

parameters used by [19] have been adopted except for the number of nodes as shown in 

Table 1. In this experiment, the source node and destination node are set to be in static 

mode. The source rate is the number of packets sent per second while the destination rate 

is the number of packets requested per second by the destination node. Constant Bit Rate 

(CBR) is used as data traffic in this experiment, where the static amount of bandwidth is 

supplied during the simulation process. The speed of transferring packets is set to 

250kbps. 

Table 1. Simulation Parameters 

Parameter Value 

Number of Nodes 9, 25, 49, 100 

Source Type, Radius, Rate Static, Random, 1, 4 

Destination Type, Radius, Rate  Static, Random, 1, 0.5 

Data Traffic Constant Bit Rate (CBR) 

Data Rate 250 Kbps 

Simulation Time 100 seconds 

Nodes Energy 30 Joules 

 

Packet loss is a condition where submitted packet fails to reach the destination node. 

Figure 1 shows the results of packet loss rate throughout the simulation time. EACS has 

the lowest packet loss rate compared to EEABR and SC when using 25 nodes, 49 nodes, 

and 100 nodes. In EACS, the application of local pheromone update encourages 

exploration to other nodes near the destination node to reduce energy depletion. In 

addition to that, the use of global pheromone update improves the exploration of optimal 
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path from source to destination node. Improvement to both exploration and exploitation 

would definitely reduce the packet loss rate. 

 

 

Figure 1. Comparison of Packet Loss Rate between Algorithms 

Latency refers to the delay from initial packet submission at the source node to the 

packet arrival at the destination node. Figure 2 shows the latency value of algorithms 

where the proposed EACS algorithm has the lowest and constant value when using 25 

nodes, 49 nodes, and 100 nodes. In EACS, routing information such as pheromone value 

and remaining energy of each sensor node are stored in the routing table and can be 

referred by the following ants to construct the routing path. This approach can save a lot 

of time in constructing a new path to route the following packets. 

 

 

Figure 2. Comparison of Latency between Algorithms 

Figure 3 depicts the results of energy efficiency. Energy efficiency is measured by the 

total number of packets received by the destination node per total energy used by all 

sensor nodes. Good energy efficiency is expected to prolong the network lifetime of the 

system through reduction of power consumption in sensor nodes. Lower packet loss rate 

and energy consumption for EACS has resulted in the highest energy efficiency compared 

to EEABR and SC when routing packets using 25 nodes, 49 nodes, and 100 nodes. 
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Figure 3. Comparison of Energy Efficiency between Algorithms 

5. Conclusion 

The proposed EACS algorithm is based on the ACS technique that combines the 

probabilistic decision rule, local pheromone update, and global pheromone update. The 

probabilistic decision rule is an important part in selecting the best sensor nodes to 

forward packets while considering the pheromone value and energy level of sensor nodes. 

The local pheromone update is used by EACS to prevent the hotspot problem by 

encouraging the exploration of other potential paths during the simulation process. In 

order to influence the following ants to select the optimal path, the global pheromone 

update is applied to increase the pheromone value on the selected path. The proposed 

EACS algorithm can increase the network lifetime of WSN by distributing packets to 

several potential optimal paths in balancing the energy level of sensor nodes. The 

proposed algorithm is promising to be implemented in static WSN system. For future 

works, it is essential to explore the possibility of using the proposed algorithm in a 

dynamic WSN system so that its full capability can be exploited to overcome real 

problems such as geographical condition and sensor lifetime.  
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