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A Wireless Sensor Network (WSN) is a network of special systems containing separate 

sensors working together to collect data about a particular phenomenon without the need 

for human intervention. Because of the limited battery life of sensor nodes, energy 

efficiency becomes a significant issue in Wireless Sensor Networks (WSNs). This paper 

employs Dijkstra's algorithm to optimize energy-efficient routing in WSNs. Traditional 

shortest path finding algorithm in networks, Dijkstra’s Algorithm is adjusted to minimize 

energy consumption by selecting routes that balance the energy load among nodes. This 

work employs the algorithm to consider dynamic aspects and energy metrics associated 

with WSNs. Using simulations, this proposed algorithm is compared against the Ant 

Colony Optimization algorithm (ACO) in terms of energy consumption, run time, network 

lifetime, node death rate, and data transmission success rate. The results show that 

Dijkstra’s algorithm reduced overall power usage and extended network lifetime. This 

research emphasizes how graph-based algorithms can improve on-energy usage in WSNs 

thus providing a promising approach towards sustainable and long-lived sensor network 

deployments. Further optimization techniques and practical implementation scenarios will 

be explored in future work.  
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1. INTRODUCTION

Wireless Sensor Networks (WSNs) are an essential 

component of modern technology since they are used in many 

fields, including smart cities, healthcare, military surveillance, 

and environmental monitoring. WSNs consist of many tiny 

sensor nodes put in place around the area being monitored to 

collect data from there. A major problem with WSNs involves 

power efficiency because sensor nodes typically operate on 

battery sources with limited lifetimes. For network longevity 

and continuous reliable operation, effective energy 

management is vital [1-4]. 

The efficiency of energy in WSNs is mainly determined by 

the routing protocols that are employed for data transmission 

between nodes and the base station [5-7]. LEACH (Low 

Energy Adaptive Clustering Hierarchy), which is one of the 

traditional routing protocols, utilizes clustering techniques to 

distribute energy demands among nodes [8]. Nevertheless, 

although they may be helpful at some point, these protocols 

usually fall short in minimizing overall network power 

consumption especially when it comes to wide-scale 

deployment with different node densities. 

Regarding the WSN energy efficiency issue, Dijkstra's 

algorithm presents a potential solution. It is a famous shortest-

path algorithm for graph-based networks primarily designed 

for routing purposes in communication networks and can be 

applied to finding energy-efficient paths that share energy 

consumption equally among sensor nodes [9]. By introducing 

energy metrics into the cost function of the algorithm, it 

becomes possible to identify powerful saving routes and thus 

improve network lifetime. 

In previous studies, different strategies for energy-efficient 

routing in WSNs are explored such as nature-inspired 

algorithms like the Intelligent Water Drops (IWD) algorithm 

and optimization techniques, for example, Ant Colony 

Optimization (ACO) [10, 11]. Algorithmic adaptations offer 

great possibilities for improving energy efficiency as 

illustrated by these works. Moreover, recently hybrid routing 

protocols that integrate proactive and reactive routing 

strategies have emerged as well as the use of mobile sinks to 

dynamically adjust the data collection points and balance 

energy consumption [12, 13]. 

While optimization methods like ACO present heuristic 

solutions to complex problems, the Dijkstra algorithm 

provides a deterministic and certain optimal solution for 

shortest-path routing problems. Dijkstra’s algorithm always 

finds the shortest path without the randomness inherent in 

heuristic methods like ACO ensuring predictable and reliable 

outcomes. It also has lower computational overheads than 

other algorithms; thus, faster decision-making regarding route 

selection and reduced processing time, both of which are 

necessary for time-sensitive applications. 

This study investigates the energy efficiency of a modified 

Dijkstra algorithm in WSNs. It suggests modifying the 

conventional method to take energy measures into account 

rather than distance metrics. The results demonstrate that the 

Dijkstra algorithm performs better than ACO in terms of 

computing time and energy usage. When it comes to 
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scalability, the Dijkstra algorithm gets better as the network 

gets bigger, as the number of nodes increases from 50 to 200. 

In this paper, Section 2 is dedicated to the related work on 

energy-efficient routing in WSNs. The Dijkstra algorithm 

overview is in Section 3. The proposed Dijkstra algorithm 

method for energy consumption is discussed in Section 4. 

Section 5 contains the results of the simulations. Lastly, 

Section 6 concludes by drawing implications from the findings 

and possible areas for further research.  

 

 

2. RELATED WORKS  
 

Moussa and El Belrhiti El Alaoui [14] present an energy-

efficient cluster-based routing protocol for incorporating 

unequal clustering and improved ACO techniques. With such 

implementation, the protocol balances energy consumption 

among nodes especially those closer to the base station that 

handle larger data traffic. Also, by enhancing the ACO 

techniques, it optimizes routing paths, thereby reducing the 

overall energy consumption. Their method splits the network 

into dissimilar clusters considering the distance to the sink 

node, remaining energy, number of neighbors, and certain 

backward relaying nodes in the preceding round to effectively 

balance the load across Cluster Heads (CHs). Additionally, 

they propose a batch-based clustering approach that eliminates 

the need for configuration control overhead and enables the 

network to operate for multiple rounds. An improved ACO-

based routing technique is used for effective and consistent 

routing from CHs to the sink node. The modification implies 

that the heuristic function is formulated considering the energy 

of the next node, the distance from the current sensor node to 

the next sensor node, and the number of preferred probable 

relay nodes. 

Subramani et al. [15] propose a reliable and energy-efficient 

routing method utilizing cluster head selection, clustering, and 

a reliable routing algorithm with failure identification. The 

nodes are grouped in clusters, and then the ACO is applied for 

an intelligent routing process for effective data delivery. The 

cluster heads are chosen according to limited mobility, 

remaining energy, and distance from other member nodes. 

Since the cluster heads are designed to complete the routing 

tasks, they are rotated regularly. After the nodes are grouped 

into clusters, an intelligent routing procedure using ACO is 

suggested for efficient data transfer. The main findings are a 

decrease in energy consumption, data delivery services, and 

communication reliability. 

Moussa et al. [16] introduce an ACO-based routing protocol 

specifically developed for WSN-based forest fire detection. 

The proposed protocol assures communication reliability in 

addition to high-quality communication routes for energy 

efficiency. Reliable transmission is necessary for critical 

events in delay-intolerant applications (like forest fire 

detection) so that choices can be made and actions may be 

taken promptly. According to the simulation results, their 

approach performs significantly better in terms of network 

lifetime and response time (30.55%) than both Load Balanced 

Cluster-based Routing using ACO and Enhanced Ant-based 

QoS-aware routing protocol for Heterogeneous WSNs. 

Adel et al. [17] propose a Dijkstra-based routing algorithm 

and a Trust-Based clustering. The proposed method starts by 

grouping the sensor nodes into clusters to build an organized 

network architecture. The members of each cluster go through 

a three-phase process to evaluate their level of trust: overall, 

indirect, and direct. By choosing the most dependable node to 

serve as the cluster head, these trust metrics allow for 

dependable data aggregation and routing. The trust metrics 

ensure reliable data clustering and efficient routing using the 

Dijkstra algorithm. The well-known LEACH algorithm and 

their algorithm are compared. Critical performance parameters 

including energy consumption and packet rate delivery 

throughout the network's lifetime are the main focus of the 

evaluation. The outcomes of the simulations show how 

effective their method is. 

Wu et al. [18] suggest a method based on the K-means 

algorithm for clustering, the ACO to compute the optimal 

route, and the whale algorithm and a backpropagation neural 

network to extend the coverage area of a WSN. The 

experimental results show that the WSN's coverage area has 

grown, its lifetime has been prolonged, and its nodes' overall 

energy consumption has been efficiently decreased. 

Kaur and Mahajan [19] propose Energy-efficient clustering 

and tree-based routing protocol based on hybrid ant colony 

optimization and particle swarm optimization for energy 

efficiency in WSNs. The proposed protocol divides the WSN 

into several clusters, and cluster heads are selected for each 

cluster. The proposed protocol selects the shortest path 

between the sink node and each cluster head. A MATLAB 

simulation consists of 100 sensor nodes distributed randomly 

in a 100*100 area with one base station is used. The outcomes 

show that the proposed hybrid protocol expands the WSN 

lifespan. 

However, an important issue in deploying WSNs is 

extending the network’s lifetime through efficient energy use. 

Several optimization techniques have been investigated in 

current literature, some combine routing protocols, clustering 

techniques, and different optimization methods like ACO, 

PSO, and hybrid algorithms. Frequently these approaches are 

associated with high computational costs. In such scenarios 

where resources are limited like those found in WSNs, this 

complexity may cause longer processing time and higher 

energy consumption. Deploying complicated optimization 

tools on sensor nodes with limited resources is challenging 

because it might require more processing power and memory. 

 

 

3. THE DIJKSTRA ALGORITHM OVERVIEW  
 

Applying Dijkstra’s method [9] to every vertex in the graph 

resolves the single-source shortest path (SSSP) problem in 

graph theory. It is used for directed graphs with non-negative 

weights. In the Dijkstra algorithm, two types of vertices are 

distinguished: (1) Solved and (2) Unsolved vertices. This starts 

by marking the source vertex as solved then follows by 

examining all additional edges (by unresolved vertices) linked 

to the source vertex which helps determine the shortest path to 

the destination. After the algorithm identifies an edge as the 

shortest among others, it adds the fitting vertex to the list of 

solved vertices. The algorithm continues until all nodes are 

visited one by one. The benefit of this algorithm is that it does 

not need to consider every edge. This is very helpful especially 

if some edges are heavily weighted [20]. 

The Dijkstra algorithm's time and space complexity are 

𝑂((E+𝑉) log𝑉) and O(V+E), respectively, where V and are the 

number of vertices and edges. It is implemented using a 

priority queue and an adjacency list. As a result, it works well 

for finding the shortest paths in networks with a large number 

of edges and nodes. The ACO algorithm has an O(k⋅n⋅V) time 
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complexity and an O(V2) space complexity, where k denotes 

the number of ants and n is the number of iterations [21, 22].  

In many areas including Geographic Information Systems 

(GIS), Dijkstra’s algorithm is used as an effective tool in 

solving various problems such as locating the shortest path 

between two given points in road networks [23]. In Routing 

Protocols of computer networks, Dijkstra's algorithm is 

fundamental in the development of routing protocols such as 

Open Shortest Path First (OSPF) used in Internet Protocol (IP) 

networks [24]. Concerning the robot navigation field in 

robotics, Dijkstra’s algorithm has a unique role in planning 

robotic paths through environments with obstacles [25]. 

 

 

4. THE PROPOSED METHODOLOGY  

 

This section outlines the steps involved and demonstrates 

how Dijkstra’s algorithm is changed to choose a path that 

reduces energy consumption while still satisfying WSNs 

constraints. When using Dijkstra’s algorithm on WSNs 

however, some changes have to be made to factor in power 

usage. This means taking into account the cost of energy 

instead of distance costs and as well tracking the level of 

energy in sensor nodes to avoid nodes depleting. 

 

4.1 Energy consumption model  

 

The cost function for the model is defined as the minimum 

energy cost of selected routes to enhance the energy utilization 

of sensor nodes and enhance the lifespan of the entire WSN. 

In calculating total energy consumption, consideration is made 

of the energy usage per sensor node. Eqs. (1)-(3) can be used 

to determine the amount of energy used by a single node 

during transmission [1].  

 

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) 

 

The cost function of the Dijkstra is defined by the total 

energy consumption (Etotal) of the selected path and given by 

Eq. (4), where n is the number of nodes in the path and i is the 

ith node. 

 

𝐸𝑡𝑜𝑡𝑎𝑙 =∑𝐸𝑛𝑜𝑑𝑒(𝑖)

𝑛

𝑖=1

 (4) 

 

4.2 Assumptions and parameters  

 

• Each node has equal energy capacity and initial energy 

level. 

• The experiments are conducted using two area settings 

(500×500 m2) and (1000×1000 m2). 

• The nodes are distributed randomly. 

• The Sink node is located in the center of the area. 

• The value of Eelec is often between 50 to 150 nJ/bit. A 

common value used in many studies is 50 nJ/bit=50×10−9 

J/bit. While the value of Eamp is 100 pJ/bit/m2 = 100×10−12 

J/bit/m2. 

 

4.3 The proposed algorithm steps 

 

1. Initialization: set random positions and initial energy 

levels for the nodes, and also create a network graph. 

2. Path Selection: apply the modified Dijkstra algorithm to 

select the best path for each data transfer request based on 

energy consumption. 

3. Energy Update: after each transfer, update nodes’ energy 

levels. 

4. Recalculation: recalculate paths frequently in case 

important nodes become depleted energy-wise. 

 

5. EXPERIMENTAL RESULTS  

 

This section uses the ACO and enhanced Dijkstra 

algorithms to show the experimental results of the four 

topologies (50, 100, 150, and 200). The area size is 500×500 

m2 for the 50, 100, 150, and 200 topologies and 1000×1000 m2 

for 200 sensors. The energy levels are randomly initialized 

from 0 to the initial battery capacity of 3×2.85Ah, the distance 

range is 100 meters, and the packet size is 128 bytes. The 

sensor nodes are distributed randomly, the sink node is placed 

in the center of the area. Python is used to implement and 

evaluate the recommended approach efficiently. Energy usage 

and execution time are used to assess the outcomes.  The 

following laptop characteristics are used to accomplish the 

suggested method: 

• Processor: Intel (R) Core (TM) i7-11800H, 11th 

generation, 2.30 GHz; RAM: 16.0 GB, of which 15.7 GB 

are useable. 

• Windows 11 Pro 64-bit version. 

 

5.1 The results of the Dijkstra and ACO algorithms  

 

The suggested Dijkstra algorithm outperforms ACO in 

terms of time complexity and energy cost. The parameters of 

the ACO are shown in Table 1. 
 

Table 1. ACO parameters for the four topologies 

 

Parameters 
Topology 

50 100 150 200 

No. of Ants 15 20 20 20 

No. of Iterations 30 40 50 50 
 

The optimal paths from source node 16 to the sink node in 

the 50-sensor topology selected by the Dijkstra algorithm and 

the ACO are shown in Figures 1 and 2, respectively. 

Figures 3 and 4 show the optimal path from sensor 52 to the 

sink node selected by Dijkstra and the ACO algorithms using 

the 100-sensor topology. In Figures 5 and 6 the optimal routes 

from sensor 137 to the sink node selected by the Dijkstra and 

ACO algorithms using the 150-sensor topology are shown. 

Figures 7 and 8 show the optimal route from sensor 35 to the 

sink node in a 200-sensor topology with an area of about 

1000×1000 m2 to increase the challenges of selecting the 

optimal route to ensure the efficiency of the proposed method.  
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Figure 1. The optimal route from sensor 16 to the sink node in the 50-sensor topology is selected by the Dijkstra algorithm 

 

 
 

Figure 2. The optimal route from sensor 16 to the sink node in the 50-sensor topology is selected by the ACO algorithm 

 

 
 

Figure 3. The optimal route from sensor 52 to the sink node in the 100-sensor topology is selected by the Dijkstra algorithm 
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Figure 4. The optimal route from sensor 52 to the sink node in the 100-sensor topology is selected by the ACO algorithm 

 

 
 

Figure 5. The optimal route from sensor 137 to the sink node in the 150-sensor topology is selected by the Dijkstra algorithm 

 

 
 

Figure 6. The optimal route from sensor 137 to the sink node in the 150-sensor topology is selected by the ACO algorithm 
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Figure 7. The optimal route from sensor 35 to the sink node in the 200-sensor topology is selected by the Dijkstra algorithm 

 

 
 

Figure 8. The optimal route from sensor 35 to the sink node in the 200-sensor topology is selected by the ACO algorithm 

 

Table 2 shows the overall performance of the proposed 

Dijkstra and the ACO algorithms for the three topologies in 

terms of average energy consumption (joules) and the average 

run time in seconds. Based on the time and space complexity 

given in Section 3, Figure 9 compares the two methods in 

terms of time and space complexity. Figure 10 presents a 

comparison between Dijkstra's algorithm and the ACO based 

on three metrics: network lifetime, node death rate, and data 

transmission success rate for the 200-sensor topology when 

the network runs until all nodes are depleted. The scatters 

indicate that Dijkstra's algorithm is superior to ACO in terms 

of network lifetime, node stability, and data transmission 

reliability. 
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Table 2. The comparison between the proposed improved Dijkstra and ACO algorithms 

 
 50 100 150 200 
 Avg. Time Avg. Energy Avg. Time Avg. Energy Avg. Time Avg. Energy Avg. Time Avg. Energy 

Dijkstra 7.00E-05 0.0017 0.00022 0.0016 0.00046 0.0015 0.0019 0.0018 

ACO 0.11703 0.0023 0.26907 0.0031 0.60685 0.0036 1.15499 0.0036 

 

 
 

Figure 9. The time and space complexity of the Dijkstra and the ACO algorithms 

 

 
 

Figure 10. Performance Comparison of Dijkstra's Algorithm and ACO in a 200-sensor WSN 

 

5.2 Results of energy-aware routing in WSN  

 

Add a random initial energy level between 0 and the battery 

capacity for each node. Modify the plotting to turn nodes with 

depleted energy (0 energy) with red color. Ensure the proposed 

algorithms do not select nodes with depleted energy when 

forming the optimal path. 

Figures 11-13 display the performance of the proposed 
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Dijkstra algorithm within the three topologies after the 

depletion of some nodes. 

Figure 11 shows the optimal route from sensor 16 to the sink 

node after the depletion of sensor 21 and sensor 47 in the 50-

sensor topology selected by the Dijkstra algorithm. 

Figure 12 displays the optimal route from sensor 52 to the 

sink node in the 100-sensor topology after the depletion of 

sensor 18 and sensor 57 selected by the Dijkstra algorithm. 

Figure 13 depicts the optimal route from sensor 137 to the 

sink node in the 150-sensor topology after the running down 

of sensor 31 and sensor 19 selected by the Dijkstra algorithm.

 

 
 

Figure 11. The optimal route from sensor 16 to the sink node after the depletion of sensors 21 and 47 

 

 
 

Figure 12. The optimal route from sensor 52 to the sink node after the depletion of sensors 18 and 57 
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Figure 13. The optimal route from sensor 137 to the sink node after the depletion of sensors 31 and 19 

 

5.3 Result discussion  

 

The performance of Dijkstra's algorithm and ACO is 

evaluated across the four proposed network topologies: 50, 

100, 150, and 200 nodes. The results are measured in terms of 

run time and energy consumption. As shown in experimental 

results, the Dijkstra algorithm always outperforms the ACO 

algorithm in both energy and run-time parameters, even when 

the number of sensors and area size is increased it still shows 

better performance. Dijkstra's algorithm is the recommended 

solution for shortest-path issues in static graphs. The time and 

space complexity of the two methods explains why Dijkstra’s 

algorithm often exhibits lower time overhead compared to 

ACO making it more efficient in applications that need 

minimum run time. Dijkstra's algorithm produced an average 

time of 7.00×10−5 seconds and an average energy usage of 

0.0017 joules for the WSN with 50 nodes. On the other hand, 

ACO uses more energy (0.0023 joules) and takes longer on 

average (0.11703 seconds). Dijkstra's method remained 

effective up to a network size of 100 nodes, with an average 

execution time of 0.00022 seconds and an average energy 

usage of 0.0016 units. However, the ACO's performance 

demonstrated a significant rise in time, amounting to 0.26907 

seconds, and energy consumption, up to 0.0031 units 

Dijkstra's method continued to perform well for a network 

with 150 nodes, consuming an average of 0.0015 units of 

energy and 0.00046 seconds on average. The average duration 

of ACO increased to 0.60685 seconds, and 0.0036 units of 

energy were consumed. Dijkstra's algorithm demonstrated an 

average duration of 0.0019 seconds and an average energy 

consumption of 0.0018 units for the largest network size of 

200 nodes. With an average time of 1.15499 seconds and 

energy consumption of 0.0036 units, ACO's performance 

continued to degrade. Three important metrics are compared 

between Dijkstra's Algorithm and ACO: Network Lifetime, 

Node Death Rate, and Data Transmission Success Rate. When 

comparing Dijkstra's method to ACO (81) the network 

lifespan of 605 is much greater. When comparing Dijkstra 

(0.00165) to ACO (0.01235), the node death rate is much 

lower. High data transmission success rates are achieved by 

both methods; Dijkstra marginally outperforms ACO (0.999 

vs. 0.987). 

 

 

6. CONCLUSIONS AND FUTURE WORKS 

 

In this research paper, a comparative study is made on the 

energy efficiency of the modified Dijkstra’s Algorithm and 

ACO in Wireless Sensor Networks. The proposed Dijkstra 

algorithm uses the energy consumption model as a cost 

function instead of the distance. Based on the evaluation and 

analyses, it was found that the Dijkstra algorithm results 

outperform ACO outcomes in terms of energy efficiency, time, 

network lifetime, node death rate, and data transmission 

success rate. Dijkstra’s algorithm has the feature of being 

capable of being efficient in terms of energy consumption as 

it predicts the shortest path directly through a deterministic 

approach thus reducing computational overhead and the need 

for other energy-intensive operations. On the other hand, 

although it may provide better routing solutions, the ACO 

algorithm needs more computational resources and repeated 

processes which lead to high usage of energy. In general, 

situations where the network topology is stable and finding the 

precise optimal path is vital are better suited for Dijkstra's 

method. In more complicated or dynamic contexts where 

numerous criteria need to be optimized simultaneously the 

ACO is preferred. As far as future work is concerned, 

constraints and improvements can be imposed on the ACO 

algorithm to improve its performance such that it selects the 

most optimal paths with minimal consumption of energy in 

WSNs. Also, additional parameters can be checked to prove 

the proposed method's performance efficiency. 
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