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C h a p t e r  1  

INTRODUCTION 

1.1 Overview 

.

 



 
 

1.2 Problem Formulation 

    In the context of WSNs, routing protocols are critical for determining how data is 

transmitted from sensor nodes to the sink node. The primary challenge lies in balancing two 

conflicting objectives: minimizing the number of hops (i.e., the number of intermediary 

nodes data must pass through) and minimizing the inter-hop distance (i.e., the distance 

between these intermediary nodes). Reducing the number of hops can lead to higher energy 

consumption due to increased transmission distances while minimizing inter-hop distances  

 

Figure 1.2  



 
 

 routing and neighbourhood routing to demonstrate its effectiveness.

 



 
 

to the reliability and performance of these networks, ensuring uninterrupted operation in  



 
 

. 

 



 
 

 



 
 

                       C h a p t e r  2     

                                    Literature Review 

      



 
 

 



 
 

 

Add Table 1: Comparison of various routing algorithms in WSNs based on key 

metrics such as energy efficiency, network lifetime, and scalability. 

Table 1: Comparison of Various Routing Algorithms in WSNs 

Algorithm Energy Efficiency Network Lifetime Scalability 

LEACH High Moderate High 

PEGASIS Very High High Moderate 

HEED High Very High High 

 

2.3 Multi-Objective Optimization in WSNs 

Multi-objective optimization (MOO) techniques are employed to address the conflicting 

objectives in WSN routing, such as minimizing energy consumption, maximizing network 



 
 

lifetime, and ensuring reliable data delivery. These techniques seek to find a balance 

 



 
 

Biogeography-Based Optimization (BBO) is an evolutionary algorithm inspired by the 

migration patterns of species between habitats. In the context of WSNs, BBO can be used 

to optimize routing by treating each potential solution as a habitat and evaluating its 

suitability based on factors such as energy consumption and communication efficiency. 

BBO uses concepts such as: 

 Habitat Suitability Index (HSI): Represents the quality of a solution based on 

energy consumption and balance. Solutions with higher HSI values are considered 

more suitable habitats. 

 Immigration and Emigration Rates: Used to guide the search process, helping to 

maintain a diverse population of solutions and prevent premature convergence on 

suboptimal solutions. Solutions with higher HSI values tend to attract more 

immigrants, while those with lower HSI values tend to have higher emigration rates. 

By simulating the migration of species, BBO can effectively balance exploration and 

exploitation, leading to robust optimization performance. BBO has been successfully 

applied to various optimization problems, including resource allocation, network design, 

and load balancing, making it a promising approach for optimizing WSN routing. The BBO 

algorithm works by initializing a population of potential solutions, then iteratively updating 

the HSI values and immigration/emigration rates to evolve the population towards optimal 

solutions [10]. 



 
 

 

 

CHAPTER 3    

METHODOLOGY 
 

3.1 Problem Formulation 

    Math23K Optimizing energy efficiency in Wireless Sensor Networks (WSNs) involves 

addressing several conflicting objectives: 

 Minimizing the number of hops: Fewer hops reduce the overall distance data must 

travel, thus reducing energy consumption. 

 Minimizing inter-hop distances: Shorter distances between hops mean less energy 

is used per transmission. 

 Balancing energy consumption among nodes: Ensuring that energy usage is 

evenly distributed prevents any single node from depleting its energy too quickly, 

which can prolong the network's lifetime. 

The proposed Multi-Objective Biogeography-Based Optimization Routing algorithm 

(MOBBO-R) aims to balance these objectives by finding Pareto optimal solutions. A Pareto 

optimal solution is one where no objective can be improved without worsening another. By 

focusing on these solutions, the MOBBO-R algorithm can provide a set of balanced routing 

paths that enhance the overall energy efficiency and longevity of the network. 

3.2 Energy Model 



 
 

An energy model is critical for accurately simulating and optimizing energy consumption 

in WSNs. The energy model used in this research considers the following factors: 

 Transmission power (E_tx): The energy consumed to transmit a data packet. 

 Reception power (E_rx): The energy consumed to receive a data packet. 

 Distance between nodes (d): The distance over which the data packet is 

transmitted, affecting the transmission power. 

 Data aggregation energy (E_da): The energy consumed to aggregate data from 

multiple sources before transmission. 

  

Here, EelecE_{elec}Eelec is the energy dissipated to run the transmitter or receiver 

circuitry, EampE_{amp}Eamp is the energy required by the amplifier, kkk is the number of 

bits in the data packet, and dnd^ndn represents the distance factor, which depends on the 

transmission model (free-space or multi-path fading). 



 
 

Figure 2: Energy model used in WSN.

 

Table 2: Parameters used for the simulation of MOBBO-R 

Parameter Value 

Number of Sensor Nodes 100 

Deployment Area 1000x1000 square meters 

Initial Energy Level 2 Joules per node 

Transmission Power 50 nJ/bit 

Data Packet Size 4000 bits 

Energy Consumption Models Free-space, Multi-path 

 

3.3 Multi-Objective Optimization Framework 

    The multi-objective optimization framework employed by the MOBBO-R algorithm uses 

principles of biogeography-based optimization to explore and exploit the solution space. 



 
 

This framework evaluates potential routing paths based on their suitability for minimizing 

energy consumption and balancing the load among nodes. The key components of this 

framework include: 

 

 Habitat suitability index (HSI): Represents the quality of a solution based on 

energy consumption and balance. 

 Immigration and emigration rates: Used to guide the search process, helping to 

maintain a diverse population of solutions and prevent premature convergence on 

suboptimal solutions. 

 

The algorithm iteratively updates the HSI values for each solution (routing path) and uses 

these values to determine the immigration and emigration rates. Solutions with higher HSI 

values (more suitable habitats) are more likely to attract new solutions (immigrants), while 

those with lower HSI values are more likely to attract new solutions (immigrants), while 

those with lower HSI values are more likely to lose solutions (emigrants). 

 

3.4 Proposed MOBBO-R Algorithm 

    The MOBBO-R algorithm operates as follows: 



 
 

 



 
 

the offspring inherit a mix of characteristics from both parents, promoting 

Initialization: 

3.1.1 Randomly generate an initial population of solutions. 

3. 1.2Each solution represents a potential routing configuration for the WSN. 

3.2 Evaluation: 

3.2.1 For each solution, calculate the total energy consumption using the 

energy model. 

3.3 Assess the balance of energy consumption among nodes to determine the 

HSI. 

4 Selection: 

4.1 Use a selection mechanism (e.g., roulette wheel selection) to choose 

solutions for reproduction based on their HSI values. 

5 Crossover: 

5.1 Apply the MPX crossover operator to pairs of selected solutions. 



 
 

5.2 Multiple crossover points are chosen randomly, and segments between these 

points are exchanged to create offspring. 

6 Mutation: 

6.1 Introduce random changes to some solutions to maintain genetic diversity. 

6.2 Mutation can involve altering node assignments or adjusting transmission 

paths. 

7 Update: 

7.1 Form a new population by combining offspring and elite solutions (those 

with the highest HSI values). 

7.2 Ensure that the population size remains constant. 

8 Iteration: 

8.1 Repeat the evaluation, selection, crossover, mutation, and update steps for a 

set number of generations or until convergence is achieved. 

The MOBBO-R algorithm effectively navigates the trade-offs between conflicting 

objectives, providing a set of optimized routing configurations that enhance energy 

efficiency and network longevity in WSNs. 



 
 

Figure 3. Wsn Network efficiency and transportation of network and packet transportation.

 

 

CHAPTER 4 

Simulation and Results 

4.1 Simulation Setup 

    The simulation setup involves creating a Wireless Sensor Network (WSN) environment 

to test the effectiveness of the Multi-Objective Biogeography-Based Optimization Routing 

algorithm (MOBBO-R). The setup details are crucial to ensure that the simulations are 

realistic and comparable to real-world scenarios. 

 Sensor Nodes (SNs): A specified number of sensor nodes are deployed randomly 

within a defined area. For this simulation, 100 sensor nodes are used. The random 



 
 

deployment ensures a realistic distribution of nodes, similar to how sensors would 

be scattered in an actual environment. 

 Deployment Area: The area in which the sensor nodes are deployed is typically a 

1000x1000 square meters area. This size is chosen to provide ample space for the 

nodes to communicate and form clusters. 

 Initial Energy Levels: Each sensor node is initialized with a fixed amount of 

energy, typically set to 2 Joules per node. This initial energy level is a standard 

choice for WSN simulations to ensure uniformity in the results. 

 Simulation Parameters: 

o Transmission Power: 50 nJ/bit, representing the energy required to 

transmit one bit of data. 

o Data Packet Size: 4000 bits, which is a common packet size used in sensor 

networks. 

o Energy Consumption Models: Both free-space and multi-path fading 

models are used depending on the distance to the receiver. These models are 

crucial for accurately simulating the energy consumption in different 

transmission scenarios: 

 Free-space model: Used for short-range transmissions where the 

energy consumption is proportional to the square of the distance. 

 Multi-path fading model: Used for longer distances where the 

energy consumption is proportional to the fourth power of the 

distance. 



 
 

These parameters ensure that the simulation environment closely mimics real-world 

conditions, allowing for a more accurate assessment of the MOBBO-R algorithm's 

performance. 

Simulation Setup Summary Table: 

Parameter Value 

Number of Sensor Nodes 100 

Deployment Area 1000x1000 square meters 

Initial Energy Level 2 Joules per node 

Transmission Power 50 nJ/bit 

Data Packet Size 4000 bits 

Energy Consumption Models Free-space, Multi-path 

 

4.2 Results Analysis 

The results of the simulations show that the MOBBO-R algorithm significantly improves 

energy efficiency compared to existing routing algorithms. The analysis includes detailed 

comparisons of network lifetime, energy consumption, and packet delivery ratio between 

MOBBO-R and other algorithms. 
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 Figure 4: Lifetime comparison - 60 CHs.

Figure 5: Lifetime comparison - 90 CHs. 

 



 
 

 Figure 6: Packets sent to sink.

. 

 

Lifetime Comparison 

The lifetime of the network is a critical metric indicating how long the network can sustain 

its operations before the first node depletes its energy. The figures show that the MOBBO-

R algorithm enhances the network lifetime significantly compared to other algorithms. 

    In Figure 4, the comparison of network lifetime with 60 cluster heads (CHs) shows that 

MOBBO-R extends the operational life of the network significantly compared to PSO 

routing and neighbourhood routing. This extension in network lifetime is achieved by 

optimizing the routing paths and reducing unnecessary energy expenditure. 



 
 

Figure 5 presents a similar comparison with 90 cluster heads, further demonstrating the 

robustness of the MOBBO-R algorithm. As the number of cluster heads increases, the 

algorithm continues to outperform the other methods, maintaining longer network lifetimes. 

Energy Consumption 

The energy consumption of the sensor nodes is measured to evaluate the efficiency of the 

routing algorithm. MOBBO-R reduces the overall energy consumption by optimizing the 

routing paths and balancing the load among nodes. 

Table 3: Performance Metrics for Scenario 1 

Metric 
PSO 

Routing 

Neighborhood 

Routing 

MOBBO-

R 

Network Lifetime (rounds) 1200 1000 1500 

Average Energy Consumption 

(Joules) 
30.5 35.7 28.1 

Packet Delivery Ratio (%) 90.2 85.3 95.2 

 

In Table 3, the performance metrics for Scenario 1 are detailed. The network lifetime, 

average energy consumption, and packet delivery ratio all indicate that MOBBO-R provides 

significant improvements over existing routing algorithms. 

Packet Delivery Ratio 

The packet delivery ratio measures the success rate of data packets reaching the sink node. 

MOBBO-R maintains a high packet delivery ratio, ensuring reliable data transmission 

within the network. 



 
 

Figure 6: Packets sent to sink 

Figure 6 shows the comparison of packets sent to the sink node across different algorithms. 

MOBBO-R consistently delivers a higher number of packets to the sink, indicating its 

efficiency in data transmission and network reliability. 

4.3 Comparison with Existing Algorithms 

The performance of MOBBO-R is compared with well-known algorithms such as Particle 

Swarm Optimization (PSO) routing and neighborhood routing. The comparison 

demonstrates that MOBBO-R outperforms these algorithms in terms of energy efficiency 

and network lifetime. 

Figure 7: Lifetime comparison - 60 CHs (Scenario 2)



 
 

 

Figure 8: Lifetime comparison - 90 CHs (Scenario 2). 

Figure 7 compares the network lifetime with 60 cluster heads in a different scenario 

(Scenario 2). The results again show that MOBBO-R significantly outperforms the other 

algorithms, ensuring a longer network lifetime. 



 
 

Figure 9: Lifetime comparison - 90 CHs (Scenario 2) 

 

In Figure 8, with 90 cluster heads, MOBBO-R continues to maintain superior performance, 

highlighting its scalability and effectiveness in various network configurations. 

Table 4: Performance Metrics for Scenario 2 

Metric 
PSO 

Routing 

Neighborhood 

Routing 

MOBBO-

R 

Network Lifetime (rounds) 1250 1100 1600 

Average Energy Consumption 

(Joules) 
29.8 33.2 27.0 

Packet Delivery Ratio (%) 91.0 87.6 96.5 

 



 
 

Table 4 presents the performance metrics for Scenario 2. The MOBBO-R algorithm 

continues to show better performance across all metrics, further validating its effectiveness 

and efficiency. 

The comparison highlights the superiority of MOBBO-R in both scenarios, showing 

improved network lifetime and energy efficiency. 

. 

 

 

 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

Chapter 5 

DISCUSSION 
 

5.1 Implications of Findings 

The findings of this research have significant implications for the design and deployment of 

Wireless Sensor Networks (WSNs). These implications can be categorized into three main 

areas: network lifetime, maintenance costs, and reliability. 

Extended Network Lifetime 

One of the most crucial aspects of WSNs is their operational life, which is directly 

influenced by the energy efficiency of the network. The MOBBO-R algorithm significantly 

enhances energy efficiency, thereby extending the network's lifetime. This is particularly 

important for applications where sensor nodes are deployed in remote or inaccessible areas, 

such as environmental monitoring in harsh terrains, wildlife tracking, or disaster 

management. Extending the operational life of these networks means that the data collection 

and monitoring can continue for longer periods without the need for human intervention. 

Reduced Maintenance Costs 

Prolonging the network lifetime directly impacts maintenance costs. Frequent battery 

replacements and maintenance checks are costly, especially in large-scale deployments. By 

optimizing energy consumption, the MOBBO-R algorithm reduces the frequency of these 

maintenance activities. This reduction in maintenance costs is beneficial for both economic 



 
 

and logistical reasons, making the deployment of WSNs more viable in cost-sensitive 

projects or in locations where maintenance is logistically challenging. 

Enhanced Reliability 

Enhanced energy efficiency and network lifetime also lead to improved reliability of WSNs. 

Reliable WSNs ensure continuous monitoring and data collection, which is essential for 

critical applications such as healthcare monitoring, where continuous and real-time data is 

crucial for patient care, or military operations, where reliable data can be vital for mission 

success. The MOBBO-R algorithm's ability to maintain high packet delivery ratios ensures 

that the data integrity and reliability are not compromised over extended periods. 

5.2 Limitations 

While the MOBBO-R algorithm shows promising results, it is important to acknowledge its 

limitations. Understanding these limitations is crucial for future research and practical 

implementations. 

Environmental Factors 

 



 
 

 



 
 

 



 
 

Algorithm 
Average Energy 

Consumption (Joules) 

Network 

Lifetime 

(Rounds) 

Packet Delivery Ratio 

(%) 

PSO 35.6 1500 92.3 

GA 32.4 1600 93.5 

ACO 34.7 1550 91.8 

MOBBO-

R 
28.1 1800 95.2 

 

  

review to support our claim of generalization. As mentioned, we have evaluated our model 

on data with question removed and done a rigorous 5-Fold Cross-Validation to see if our 

models can capture context from the unlabelled data.We found out that our model 

outperforms other state-of-the-art models. 

 



 
 

Chapter 6 

CONCLUSION
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