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Abstract 

The Internet of Things (IoT) is an innovative technology. It revolutionized the 

world of technology today, IoT connects numerous sensors and devices to the 

Internet to perform various functions Every day. These sensors have a finite 

battery life and must operate sustainably and efficiently in IoT networks. Due to 

these connections, the IoT uses a lot of energy. Research into energy-efficient 

and energy-saving techniques is thus essential. In this paper, an enhancement was 

added to the Ant Colony Optimization (ACO) by dynamically adjusting alpha (α) 

and beta (β)parameters during the iteration of ACO. This approach is designed to 

balance exploration and exploitation by modifying how much pheromone trails 

(alpha) and heuristic information (beta) influence the ants' decision-making 

process. This enhancement improves ACO performance when selecting the 

optimal route to save energy in Wireless Sensor Networks (WSNs). A 

comparison between traditional ACO and proposed ACO is conducted, also the 

results are compared with the outputs of the Dijkstra algorithm for energy 

efficiency. The complexity time and total energy consumption of the proposed 

method are computed and show that the performance of the proposed ACO is 

more efficient and stable than the traditional ACO algorithm. The enhanced ACO 

reduces energy consumption by 14.29% in the 20-sensor topology, 7.41% in the 

50-sensor topology, and 26.92% in the 100-sensor topology. The Enhanced ACO 

achieves similar energy consumption results compared to the Dijkstra algorithm 

but takes more time. 

Keywords: Ant Colony Optimization, Dijkstra algorithm, Energy consumption 

Internet of things, Wireless Sensor Networks. 
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1. Introduction 

In recent years, IoT technologies have advanced technology for a wide range of 

uses with a wide range of applications being developed through the IoT. these 

technologies can overcome all the challenges in fields like processing capacity, 

security, and data mobility, along with the growth related to other technologies to 

maintain its predicted path. So, the IoT is described as a network of regular objects 

such as smartphones, Internet TVs, actuators, and sensors that are intelligently 

connected to make it possible for objects to communicate with one another and 

with people in new ways [1-6], as shown in Fig. 1 [7]. 

 

Fig. 1. The architecture of WSN for IoT applications. 

WSNs have a major role in IoT technologies. All Technologies are moving 

towards designing wireless sensor nodes distinguished by fast CPUs and low-power 

radio connectivity to contribute to WSNs and IoT applications [8, 9]. WSN comprises 

numerous minor devices called “sensor nodes”. These nodes can monitor, sense, and 

collect data from the surroundings. The gathered data will be processed and directed 

to the target node (sink node) using routing protocols [4, 10].  

A certain amount of energy will be consumed during these processes. These 

nodes have batteries and energy. If the sensor battery dies and the power supply is 

not replaced quickly, it becomes disabled. This will hinder the transfer of the data 

that has been gathered. Consequently, one major problem in real-world remote 

sensing applications has been to extend the lifespan of the entire WSN [10-14].  

WSNs are used in many fields such as in greenhouses to monitor crucial 

environmental factors for plant growth, such as for a smart irrigation system, a 

WSN can be used to monitor the field and control watering status [15, 16]. A 

Nemours of researchers and academics have conducted several studies to optimize 

overall network energy usage, as shown in Section 2.  

This paper adds enhancements to the ACO by dynamically adjusting alpha (α) 

and beta (β) parameters during the iteration of ACO. This approach balances 

exploration and exploitation by modifying how much pheromone trails (alpha) and 

heuristic information (beta) influence the ants' decision-making process. The 

proposed ACO algorithm is applied for WSNs with 20, 50, and 100 nodes 

respectively, and the results of the simulations are expressed in section IV. The 

outcomes prove that the proposed ACO algorithm shows performance better than 
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the ACO in terms of energy consumption. While the traditional ACO's stochastic 

nature introduces variability in performance the proposed one is more stable.  

The organization of the paper is as follows: Section 2 introduces recent related 

works on the IoT, WSNs, and energy efficiency. Section 3 describes the problem 

modelling and case study. Section 4 presents the proposed methods for improving 

energy efficiency in WSNs using the enhanced ACO. Section 5 details the 

simulation settings and outcomes. Section 6 shows the conclusion and future works. 

2. Related Works 

Kaur and Mahajan [17] suggested A hybrid Ant Colony Optimization with Particle 

Swarm Optimization (ACOPSO)-based clustering protocol for energy efficiency in 

WSNs. The proposed protocol divides the WSN into several clusters and for each 

cluster, cluster heads (CHs) are selected. After that, the sensing data is collected 

directly from each CH by tree-based data aggregation using short-distance 

connections. The proposed ACOPSO protocol selects the shortest path from the 

sink node to every CH.  

To test and evaluate the proposed method's performance with the current 

technique General Self-Organized Tree-Based Energy-Balance Routing Protocol 

(GSTEB) using the following metrics: network lifetime, throughput, stability 

period, and residual energy, A MATLAB simulation consists of 100 sensor nodes 

allocated randomly in a 100×100 area with one sink node is used. The outcomes 

show that the proposed hybrid protocol noticeably improves the WSN lifespan. 

Abderrahim et al. [18] proposed an energy-conserving algorithm using the 

Dijkstra algorithm. The Dijkstra algorithm is applied to WSN after it has been 

segmented into several clusters, so each node fits into the nearby CH according to 

the distance to the CH. According to their distance from the source node CH is in 

charge of informing the nodes in its cluster to be sleeping or active. The proposed 

path selection algorithm considers the algorithm that selects a list of appropriate 

paths to transmit data from the source node to the CH with the lowest energy cost. 

Abed et al. [19] suggested a model consisting of sensor nodes, one macro base 

station, and several micro base stations. The micro base station transmits the data 

that it collects from sensor nodes to the macro base station. The total WSN’s energy 

consumption is reduced using the suggested Restart Artificial Bee Colony (RABC) 

algorithm. The suggested model consists of three stages for optimization problems. 

These stages are used to select the optimal uplink route, find the shortest travel 

path, and for mutual interference reduction. The simulation outcomes found 

optimal and near-optimal solutions by the RABC method.  

Jain and Agrawal [20] enhanced the Low Energy Adaptive Clustering 

Hierarchy (LEACH) protocol to solve the sensor’s battery limitation and WSN 

lifetime problem. LEACH protocol is a categorized protocol that utilizes the CH 

selection algorithm and cache node selection for data transmission from the source 

node to the destination node. Based on comparing energy with a threshold the CHs 

are selected. Also, based on the minimum distance the transmitted data from CH to 

the cache node is completed. The replacement of cache node memory is organized 

based on priority. They evaluate the performance of the proposed method based on 

several standard parameters such as throughput, average residual energy, and live 

or dead nodes in the network.  
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Prajapat et al. [21] proposed for cognitive radio sensor networks (CRSN) a 

neighbour finding algorithm and two greedy k-hop clustering schemes K-hop 

Spectrum Aware Clustering for Bi-channel connectivity with Edge Contraction (k-

SACB-EC), and k-hop Spectrum Aware Clustering for Bi-channel connectivity 

Without Edge Contraction (k-SACB-WEC). The main objective of this study is to 

increase network lifetime and attain bi-channel connectivity. Several parameters 

are considered such as nodes’ primary users (PUs) appearance probability of 

channels, residual energy, channel quality, spectrum awareness, and robustness on 

PUs’ arrival.  

Simulation is used to evaluate the suggested method concerning the network 

lifespan, number of clusters, network stability, and re-clustering frequency. The k-

SACB-WEC generates a number of clusters less than Network Stability Aware 

Clustering (NSAC), k-SACB-EC, Prolong Stable Election Protocol (PSEP), 

Cognitive LEACH (CogLEACH), and Spectrum Aware Clustering with Weighted 

Channel Metric (SAC-WCM) by 40%. Moreover, the k-SACB-WEC attains as a 

minimum around 100% greater number of rounds before the first node died than 

the related methods concerning network stability. 

Abdulzahra et al. [22] proposed a Bacterial foraging optimization routing 

protocol (BFORP) as a routing protocol for energy-saving to explore the problem 

of the WSNs' lifespan. By reprocessing the data that visits the source node 

frequently to the sink it can reduce the routing of extreme messages that may cause 

energy waste. In the proposed method, the lowest traffic load, the shortest path to 

the sink, and the maximum residual energy are considered to select nodes for the 

sending routes. The simulation outcomes proved the efficiency of the proposed 

protocol in reducing energy consumption and the end-to-end delay. 

Mustafa and Hamza [23] improved the Grey Wolf method with Particle Swarm 

Optimization and Tabu Search Techniques (GW-IPSO-TS) to enhance the CHs 

selection according to the CH probabilistic reasoning of sensor nodes, and also 

enhance the routing path of each CH to the base station. The suggested model 

delivered the optimal routing paths and enhanced the overall WSNs’ lifetime, the 

packet loss rate, and end-to-end delay. 

Gunigari and Chitra [13] suggested a reliable and energy-saving hybrid method, 

based on ACO, Efficient and Reliable ACO Routing protocol (E-RARP), and game 

theory clustering algorithm (GEC). Communications reliability and high-quality 

channels of communication are provided by the proposed protocol to enhance 

energy consumption. every sensor node is considered a team player in WSNs using 

a GEC, So it can select for itself a beneficial method, defined by the duration of 

inactive playback time in the active phase, and afterward choose whether to rest or 

not. The suggested E-RARP-GEC enhanced the WSNS’ lifetime; it also consumes 

a minimum amount of energy when compared with other proposed methods. 

However, a major challenge in the deployment of WSNs is to efficiently use 

energy to extend the network's operating lifetime. The present literature has 

investigated a variety of optimization strategies, some of which integrate multiple 

optimization methods, routing protocols, and clustering methods. However, there 

are still problems to be overcome concerning overall energy efficiency, path 

validity, scalability, and computing complexity. Considering these attempts, a more 

effective methodology is still required to get beyond the drawbacks of the present 

https://www.scopus.com/authid/detail.uri?authorId=58865972100
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approaches to lower computational overhead, enhance the viability of the solutions, 

and improve energy efficiency across the network. 

3. Problem Modelling and Case Study 

The scenario studied in this paper is about energy efficiency in WSNs using 

dynamic parameter adjustment in ACO. The WSNs comprise 20, 50, and 100 

sensor nodes, along with a central sink node. 

3.1. Network setup 

Node Positions: Sensor nodes are randomly placed to effectively cover the WSN 

area. three topologies are used for 20, 50, and 100 nodes. Sink node: Strategically 

situated to receive and process data sent by the sensor nodes. The sensors are 

distributed to gather data and transmit it to the sink node for monitoring via multi-

hop communication. 

3.2. Problem statement 

The key limitation of WSNs is the battery capacity of the sensor nodes. So, the 

main challenge is to decrease the energy consumed by WSNs while confirming 

efficient data transmission from sensor nodes to the sink node.  

3.3. Objectives  

This paper proposes an enhancement of the ACO algorithm. It evaluates and 

compares the performance of the proposed ACO with the traditional ACO and the 

Dijkstra algorithms for routing data in WSNs. It suggests different network 

topologies (20, 50, and 100 nodes) and discusses their energy consumption and 

routing efficiency. 

The main objective of this work is to balance the exploration and exploitation of 

the ACO by modifying how much pheromone trails (alpha) and heuristic information 

(beta) influence the ants' decision-making process to enhance energy consumption by 

selecting optimal routes to the sink node. This enhancement improves ACO 

performance when selecting the optimal route to save energy in the WSN.  

The objective function for the proposed model is the minimum energy cost of 

selected routes to improve the energy use of sensor nodes and improve the lifespan 

of the entire WSN. Equations (1)-(3) can be used to determine the amount of energy 

used by a single node during transmission [24]. 

𝐸𝑡𝑥 = (𝐸𝑒𝑙𝑒𝑐 + 𝐸𝑎𝑚𝑝 × 𝑑2) × 𝐿                                                                            (1) 

where Eelec is the energy (measured in Joules/bit) that the transmitter or receiver 

circuitry uses. Eamp (measured in Joules/bit/m2) is the amount of energy needed 

to transmit a bit over the air, L is the number of bits sent, and 𝑑 is the distance 

between nodes. The energy consumed by a node during reception can be 

calculated using Eq. (2). 

𝐸𝑟𝑥 = 𝐸𝑒𝑙𝑒𝑐 × 𝐿                                                                                                     (2) 

So, the energy consumed by a single node is: 

𝐸𝑛𝑜𝑑𝑒 = 𝐸𝑡𝑥 + 𝐸𝑟𝑥                                                                                                (3) 
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The cost function is the total energy consumption of the selected path that is 

given by Eq. (4). 

𝐸𝑡𝑜𝑡𝑎𝑙 = ∑ 𝐸𝑛𝑜𝑑𝑒(𝑖)𝑛
𝑖=1                                                                                            (4) 

4. Proposed Energy Efficient Methods 

The proposed method for energy efficiency in WSNs is based on two algorithms 

the Dijkstra algorithm and the Enhanced ACO algorithm to select the minimum 

energy cost path between the source node and the sink node. The two proposed 

algorithms are illustrated below. 

4.1. Ant colony optimization algorithm 

ACO is a nature spread optimization algorithm developed in mid-1990 by Macro 

Dorigo. It uses artificial ants to mark paths with pheromones, intensifying trails on 

shorter paths to guide exploration toward more efficient routes [25-27]. 

The main steps of the ACO are illustrated below [12, 23-25]: 

Step 1: Initialization 

a. Pheromone trails initialization: to initialize the pheromone levels, assign 

values to the edges of the graph. 

b. Ant positions initialization: Place artificial ants on source nodes. 

Step 2: Ant Movement 

Ants probabilistically choose their next movement based on pheromones 

and heuristics. 

The probability of kth ant at ith node choosing jth node as the next node expressed 

in Eq. (5): 

𝑝𝑖𝑗
𝑘 =

𝜏𝑖𝑗
𝛼  .  𝜂𝑖𝑗

𝛽

∑ 𝜏𝑖𝑗
𝛼  .  𝜂

𝑖𝑗
𝛽

𝑖∈𝑎𝑙𝑙𝑜𝑤𝑒𝑑 𝑛𝑜𝑑𝑒𝑠

                                                                                     (5) 

where, τij denotes the pheromone level on edge (i →j), ηij represents the heuristic 

information, and the parameters α and β are used to regulate the impact of 

pheromone and heuristic data. 

Step 3: Move Ants 

Artificial ants select their next node based on probabilities. 

Step 4: Pheromone Update 

a. Pheromone Evaporation: to simulate evaporation, decrease the levels of 

pheromone on all edges as shown in Eq. (6): 

𝜏𝑖𝑗 = (1 − 𝜌). 𝜏𝑖𝑗                                                                                        (6) 

Where ρ represents the Pheromone evaporation rate and (0 < ρ < 1). 

b. Pheromone Deposition: Ants leave a trail of pheromones along the edges 

they travel, which is based on the quality of the solution. 
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Ant k traverses edge (i→j), and the pheromone level on this edge is updated 

using Eq. (7): 

∆𝜏𝑖𝑗
𝑘 =

1

𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑐ℎ𝑜𝑠𝑒𝑛 𝑏𝑦 𝑎𝑛𝑡 𝑘
                                                                          (7) 

The total cost in this work is the total energy consumption chosen by ant k. 

c. Global Update: to update the pheromone levels on edges taking into account 

all the ant solutions as expressed in Eq. (8), where m is the ant's number. 

𝜏𝑖𝑗 = (1 − 𝜌). 𝜏𝑖𝑗 + ∑ ∆𝜏𝑖𝑗
𝑘𝑚

𝑘=1                                                                                (8) 

Step 5: Termination 

Iterate Ants movement, pheromone update, and solution construction till a 

termination condition happens (e.g., reach the max iteration number). ACO adjusts 

pheromone levels on edges to bias ant movements toward high concentrations, 

promoting the exploration of efficient routes while exploiting prior information. 

The Enhancements: Dynamic Alpha and Beta 

To balance between exploration and exploitation, adaptively adjust α and β over 

iterations. If the iteration index is t and the number of iterations is T. The dynamic 

parameters adjustment can be defined in Equations (9) and (10), where 𝛼𝑖𝑛𝑖𝑡  , 

𝛼𝑚𝑎𝑥 , and 𝛽𝑖𝑛𝑖𝑡  are predefined constants. Figure 2 shows the flowchart of the 

proposed enhanced ACO and Algorithm 1 illustrates the proposed enhanced ACO: 

𝛼(𝑡) = 𝛼𝑖𝑛𝑖𝑡 + (𝛼𝑚𝑎𝑥 − 𝛼𝑖𝑛𝑖𝑡).
𝑡

𝑇
                                                                     (9) 

𝛽(𝑡) = 𝛽𝑖𝑛𝑖𝑡 − 𝛽𝑖𝑛𝑖𝑡 .
𝑡

𝑇
                                                                                     (10) 

 

Fig. 2. The flowchart of the proposed ACO. 
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Algorithm 1 : The Proposed Enhanced ACO 

Input: sensor_nodes, source_node_id, num_ants, num_iterations, battery_capacity, 

transmission_range, alpha = 0.1, beta=0.1, evaporation_rate = 0.5 

Output: best path 

1. CLASS Ant: 

    a. METHOD init (source _node_id, nodes, transmission_range): 

        - Initialize current_node_id, path, total_distance, total_energy_consumed, 

total_hops, nodes, transmission_range 

    b. METHOD choose_next_node(pheromone_matrix, alpha, beta): 

        - Calculate probabilities for next node based on pheromone_matrix, alpha, beta 

        - RETURN next node index or None if no valid node 

    c. METHOD move_to_node(next_node_id): 

        - IF next_node_id is not None: 

            - Move to next_node_id 

            - Update total_distance, total_energy_consumed, total_hops 

            - Update current_node_id and path 

2. CLASS ACO_WSN: 

    a. METHOD __init__(positions, source_node_id, num_ants, num_iterations): 

        - Initialize nodes, source_node_id, num_ants, num_iterations, transmission_range, 

pheromone_matrix, alpha, beta, evaporation_rate 

    b. METHOD run(): 

        - Initialize best_path_id to None, best_fitness to infinity 

        - FOR each iteration: 

            - Create ants 

            - FOR each ant: 

                - WHILE ant has not reached destination: 

                    - Choose and move to next node 

                - IF ant reached destination: 

                    - Calculate fitness 

                    - Update best_path_id, best_fitness if fitness is better 

            - Update pheromones 

            - Adjust parameters 

        - RETURN best path or empty list if no path found 

    c. METHOD update_pheromones(ants): 

        - Evaporate pheromones 

        - FOR each ant: 

            - Update pheromones based on ant's path 

    d. METHOD adjust_parameters(iteration): 

          - SET iteration_ratio = iteration / self.num_iterations 

 - SET self.alpha = self.initial_alpha + (1 - self.initial_alpha) × iteration_ratio 

          - SET self.beta = self.initial_beta × (1 - iteration_ratio) 

3. Main execution: 

    - Initialize ACO_WSN with sensor_nodes, source_node_id, num_ants, 

num_iterations 

    - Run ACO_WSN and get best path 

4.2. The Dijkstra algorithm 

The Dijkstra algorithm is a widespread algorithm to resolve shortest-path problems 

using graphs with non-negative edge weights. it is used to obtain the shortest path 

between two vertices on a graph with minimum distance cost. It was created by 

computer scientist Edsger W. Dijkstra in 1956 [18, 28, 29]. The algorithm does its 

computation using a set of visited and a set of unvisited vertices of the graph. It 
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begins at the source vertex and iteratively chooses from the unvisited set a vertex 

with the minimum distance from the source. 

After that, the neighbours of this vertex are visited, and their tentative distances 

are updated if a shorter path is discovered. This procedure continues until all 

reachable vertices have been visited or the destination vertex has been reached. 

Figure 3 shows a weighted graph of vertices, the shortest path from node a to node 

e is a, b, c, and e with distance=6. Dijkstra’s Algorithm is highly perceptive, given 

that every sub-path of the shortest path is a shortest path. The path (𝑎, 𝑏, 𝑐, 𝑒) is the 

shortest path from node a to node e, and the sub-path (𝑎, 𝑏, 𝑐) is as well as the 

shortest path.  

The wireless sensor networks can be represented as weighted graphs to choose 

the optimal path from a source node to the destination node [18, 28, 29].In this 

work, the Dijkstra algorithm considers the battery level of each node while 

selecting the best path with minimum energy cost. It is vital to keep away disabled 

or low battery-level nodes.  

 

Fig. 3. A weighted graph with 5 nodes. 

5. Simulations Setting and Results Analysis  

In this section, the simulation setup and the main results conducted by the proposed 

methodology are expressed. In our previous work we explored the use of Variable 

Length Genetic algorithm and the Dijkstra algorithm for energy efficiency in WSN 

[30, 31], in this study the enhance ACO is investigate and the output is compared 

with the traditional ACO. 

5.1. Simulation setup 

The simulations aimed to assess the energy efficiency of WSNs using the Dijkstra 

algorithm, traditional ACO, and improved ACO. The experiments were conducted 

on WSNs of varying sizes, including 20, 50, and 100 sensor nodes, to analyse 

performance across different network scales comprehensively. The metrics 

evaluated were energy consumption, path optimality, and computational time.  

Tables 1-3 display the positions of nodes in the WSN topologies of sizes 20, 50, 

and 100, respectively. The area size is 200×200 for the 20-topology and 500×500 

for the 50 and 100 topologies. The energy levels are randomly initialized from 0 to 

the initial battery capacity of 3×2.85 Ah. The distance range is 100 meters, and 

the packet size is 128 bytes. 
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Table 1. The coordinates of 20 Sensor Nodes in the 20-Topology WSN. 

Sensor X Y Sensor X Y 

1 37 117 12 58 85 

2 116 197 13 196 79 

3 44 180 14 45 52 

4 100 187 15 48 36 

5 89 110 16 94 88 

6 129 28 17 104 160 

7 136 31 18 103 53 

8 20 188 19 142 118 

9 116 67 20 96 70 

10 12 168 Sink Node 100 100 

11 165 52    

Table 2. The coordinates of 50 Sensor Nodes in the 50-Topology WSN. 

Sensor X Y Sensor X Y 

0 74 235 26 405 418 

1 232 487 27 192 82 

2 394 89 28 438 332 

3 361 201 29 326 63 

4 374 179 30 92 2 

5 221 259 31 308 202 

6 409 56 32 75 396 

7 272 62 33 435 289 

8 41 377 34 83 98 

9 233 134 35 85 430 

10 24 337 36 13 467 

11 477 331 37 340 121 

12 484 104 38 496 229 

13 171 117 39 409 326 

14 158 429 40 472 461 

15 393 104 41 198 64 

16 491 91 42 319 283 

17 72 96 43 387 495 

18 457 177 44 26 311 

19 189 320 45 126 367 

20 209 493 46 316 396 

21 427 107 47 475 259 

22 206 489 48 365 148 

23 236 284 49 353 302 

24 74 235 50 173 270 

25 141 461 Sink Node 250 250 
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Table 3. The coordinates of 100 Sensor Nodes in the 100-Topology WSN. 

Sensor X Y Sensor X Y Sensor X Y 

0 74 235 35 13 467 70 441 167 

1 232 487 36 340 121 71 84 27 

2 394 89 37 496 229 72 385 140 

3 361 201 38 409 326 73 361 356 

4 374 179 39 472 461 74 61 367 

5 221 259 40 198 64 75 25 400 

6 409 56 41 319 283 76 304 453 

7 272 62 42 387 495 77 112 453 

8 41 377 43 26 311 78 158 268 

9 233 134 44 126 367 79 318 110 

10 24 337 45 316 396 80 333 411 

11 477 331 46 475 259 81 383 372 

12 484 104 47 365 148 82 290 182 

13 171 117 48 353 302 83 170 233 

14 158 429 49 74 235 84 6 353 

15 393 104 50 232 487 85 58 243 

16 491 91 51 173 270 86 98 420 

17 72 96 52 349 175 87 268 60 

18 457 177 53 277 437 88 368 304 

19 189 320 54 482 185 89 107 22 

20 209 493 55 247 205 90 199 371 

21 427 107 56 389 31 91 479 53 

22 206 489 57 416 51 92 205 347 

23 236 284 58 455 153 93 365 77 

24 141 461 59 333 222 94 316 337 

25 405 418 60 129 122 95 329 244 

26 192 82 61 433 421 96 478 279 

27 438 332 62 465 361 97 19 358 

28 326 63 63 365 223 98 227 82 

29 92 2 64 392 454 99 25 408 

30 308 202 65 262 410 Sink Node 250 250 

31 75 396 66 252 461    

32 435 289 67 298 130    

33 83 98 68 75 29    

34 85 430 69 346 299    

5.2. Simulation results and analysis 

The energy efficiency of the enhanced ACO, Dijkstra's algorithm, and traditional 

ACO in WSNs are compared in this section. The analysis reveals significant 

differences in energy cost and stability between both the enhanced ACO and the 

traditional ACO. The result of the three topologies (20,50, and 100) are expressed. 

Figures 4-6 show the optimal routes from sensor 5 to the sink node selected by the 

ACO, Enhanced ACO, and the Dijkstra algorithm, and Figs. 7-9 show the selected 

routes from sensor 9 to the sink node by the three mentioned methods in the 20-

sensor topology. Enhanced ACO improves energy utilization by selecting paths 

with minimal energy consumption. 
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Fig. 4. The optimal route selected by the ACO  

algorithm from sensor 5  to the sink node (20-sensor topology). 

 

Fig. 5. The optimal route selected by the Enhanced ACO  

algorithm from sensor 5 to the sink node (20-sensor topology). 
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Fig. 6. The optimal route selected by Dijkstra’s algorithm  

from sensor 5 to the sink node (20-sensor topology). 

 

Fig. 7. The optimal route selected by the ACO algorithm  

from sensor 9  to the sink node (20-sensor topology). 

 

Fig. 8. The optimal route selected by the Enhanced ACO  

algorithm from sensor 9 to the sink node (20-sensor topology). 
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Fig. 9. The optimal route selected by Dijkstra’s  

algorithm from sensor 9 to the sink node (20-sensor topology). 

Figures 10-12 show the routes from sensor 29 to the sink node and Figs. 13-15 

display the routes from sensor 39 to the sink node. These routes are selected by the 

three algorithms to show the performance of the proposed method when increasing 

the number of sensors to 50. 

  

Fig. 10. The optimal route selected by the ACO algorithm  

from sensor 29   to the sink node (50-sensor topology). 
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Fig. 11. The optimal route selected by the Enhanced ACO  

algorithm from sensor 29 to the sink node (50-sensor topology). 

 

Fig. 12. The optimal route selected by Dijkstra’s algorithm  

from sensor 29 to the sink node (50-sensor topology). 

 

Fig. 13. The optimal route selected by the ACO algorithm  

from sensor 39  to the sink node (50-sensor topology). 
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Fig. 14. The optimal route selected by the Enhanced ACO  

algorithm from sensor 39 to the sink node (50-sensor topology). 

 

Fig. 15. The optimal route selected by Dijkstra’s algorithm  

from sensor 39 to the sink node (50-sensor topology). 

By increasing the number of sensors to 100 the challenges of choosing the 

optimal route are increased. The proposed method is applied to the 100-sensor 
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topology to demonstrate its performance. It outperforms the traditional ACO in 

terms of energy consumption, but the dynamic adjustment of the alpha and beta 

values leads to increased execution time. Figures 16-18 show the routes from sensor 

35 to the sink node, while Figs. 19-21 show the routes from sensor 52 to the sink 

node selected by the three methods. 

 

Fig. 16. The optimal route selected by the ACO algorithm  

from sensor 35  to the sink node (100-sensor topology). 
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Fig. 17. The optimal route selected by the Enhanced ACO  

algorithm from sensor 35 to the sink node (100-sensor topology). 

 

Fig. 18. The optimal route selected by Dijkstra’s algorithm  

from sensor 35 to the sink node (100-sensor topology). 

 

Fig. 19. The optimal route selected by the ACO algorithm  

from sensor 52 to the sink node (100-sensor topology). 
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Fig. 20. The optimal route selected by the Enhanced ACO  

algorithm from sensor 52 to the sink node (100-sensor topology). 

 

Fig. 21. The optimal route selected by Dijkstra’s algorithm  

from sensor 52 to the sink node (100-sensor topology). 

Figures 22-24 show the average run time, energy consumption, and distance for 

each algorithm running within the three topologies. Despite adding a slight complexity 

that requires additional time in implementation, the performance of the proposed 

enhanced ACO algorithm is better and more stable than the traditional ACO. 
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Fig. 22. The average run time of the three  

methods running within the three topologies. 

 

Fig. 23. The average energy consumption of the  

three methods running within the three topologies. 

 

Fig. 24. The average run time of the three  

methods running within the three topologies. 

This study can be improved or extended by suggesting other optimization methods 

like Bee Algorithm, Pelican Optimization Algorithm, Cuckoo Search Optimization, 

Social Spider optimization, Whale Optimization Algorithm, and Particle Swarm 
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Optimization [32-39]. One can present real-time implementation of proposed method 

utilizing embedded design systems like a LabView software platform [40-45].  

6. Conclusion  

This study discusses the enhancement that is added to the ACO by dynamically 

adjusting alpha and beta parameters during the iterations of ACO to balance 

exploration and exploitation. This improvement enhances ACO performance to 

save energy in WSNs by selecting optimal routes with minimum hops. A 

comparison between traditional ACO and proposed ACO is conducted in terms of 

energy consumption, also the outcomes of enhanced ACO are compared with the 

outcomes of the Dijkstra algorithm.  

Enhanced ACO outperforms the traditional ACO in terms of energy efficiency 

across all tested topologies. Enhanced ACO and the Dijkstra algorithm achieved 

average energy of about 0.0006, 0.0025, and 0.0019 joules for the 20, 50, and 100 

sensor topologies, respectively. While the traditional ACO achieved 0.0007, 

0.0027, and 0.0026 joules. The enhancements in the proposed method led to 

consistent energy savings. These improvements make enhanced ACO a more 

suitable option for applications where energy efficiency is a critical concern. 

Although Dijkstra's algorithm performs consistently well in optimizing energy 

consumption within WSNs, it can be inefficient for larger networks. Its 

deterministic nature enables precise route calculation, minimizing energy 

dissipation throughout the network. Dijkstra's algorithm is computationally 

efficient, providing an advantage in scenarios where consistency and low 

complexity are essential. Enhanced ACO improves the performance of ACO, it 

selects optimal paths and shows stability throughout different runs.  

 

Nomenclatures 

𝑑 Distance between nodes 

𝐸𝑎𝑚𝑝 Amount of energy consumed to transmit a bit over the air 

Eelec Amount of energy consumed by the transmitter or receiver 

circuitry 

Erx Energy consumed by a single node during reception 

Etx Energy consumed by a single node during transmission 
L Number of transmitted bits 

 

Greek Symbols 

 Pheromone trails 

 Heuristic information 

ρ Pheromone evaporation rate 

p Probability in the ACO 

τij Pheromone level on edge (i→j) 

ηij Heuristic information 

 

Abbreviations 

ACO Ant Colony Optimization 

CHs cluster heads 

IoT Internet of Things 

WSNs Wireless Sensor Networks 
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