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Abstract: This paper presents a comprehensive study on a power allocation scheme for wireless sensor networks (WSNs) using a fuzzy logic-based approach that incorporates user distance and quality of service (QoS) requirements. The model simulates user mobility and variable channel gains, enabling adaptive power allocation to enhance fairness, energy efficiency, and total system throughput. The proposed method shows significant improvement over conventional schemes, demonstrating its potential as an efficient solution for power allocation in WSNs.The similar approach can be applied with the NOMA based communication 
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Introduction
In recent years, wireless sensor networks (WSNs) have become integral to modern communication systems. They support applications in diverse fields, including environmental monitoring, industrial automation, and smart grid systems. Efficient power allocation is critical in WSNs due to limited energy resources and varying channel conditions. Traditional power allocation methods often fail to adapt to the dynamic nature of WSNs, leading to suboptimal performance.
This research introduces a fuzzy logic-based power allocation scheme that considers user distance and QoS requirements, enhancing the adaptability and fairness of resource allocation. By simulating user mobility and incorporating channel variability, the proposed method achieves higher energy efficiency and fairness compared to conventional approaches.
 Related Work
Power allocation in WSNs has been studied extensively, with many approaches focusing on optimization algorithms such as linear programming, heuristic methods, and machine learning models. Fuzzy logic has gained popularity due to its ability to handle uncertainty and adapt to non-linear systems.
Studies have shown that fuzzy logic-based methods can effectively manage resource allocation by defining rules that map inputs to outputs. For instance, authors in [1] proposed a fuzzy logic-based channel assignment strategy, demonstrating improved performance over traditional algorithms. However, few works have incorporated QoS requirements into their fuzzy models for power allocation.
Methodology
Fuzzy Logic System Design
The proposed fuzzy logic system takes two input variables:
· Distance: The distance between each user and the base station, normalized between 0 and 1.
· QoS Requirement: The service quality requirement for each user, represented as a value between 0 and 1.
The membership function for both the antecedent is shown below
[image: ]
Figure 1 Antecedent used in the FLC
The output variable is:
· Allocated Power: The power assigned to each user, normalized between 0 and 1. The membership function for the allocated power is shown below. 
[image: ]
Figure 2 Membership function for allocated power
Membership Functions: The membership functions for the inputs and output are defined as triangular functions as figure 1 and figure 2. 
Distance:
· near: [0, 0, 0.5]
· medium: [0, 0.5, 1]
· far: [0.5, 1, 1]
QoS Requirement:
· low: [0, 0, 0.5]
· medium: [0, 0.5, 1]
· high: [0.5, 1, 1]
Allocated Power:
· low: [0, 0, 0.5]
· medium: [0, 0.5, 1]
· high: [0.5, 1, 1]
Fuzzy Rules:
· IF distance is near AND QoS is low, THEN allocated power is low.
· IF distance is medium AND QoS is medium, THEN allocated power is medium.
· IF distance is far AND QoS is high, THEN allocated power is high.
These rules create an inverse relationship between distance and allocated power, aligning with the real-world requirement of higher power for distant users due to path loss.
Simulation Environment
The model simulates a WSN with the following parameters:
· Number of users: 5
· Bandwidth: 1 MHz
· Noise power: 1*10-10 W
· Total power budget: 1 unit (normalized)
The user distances and channel gains are randomly generated to simulate mobility and variable channel conditions.
Power Allocation Algorithm
The power allocation process iteratively computes the power assigned to each user based on their distance and QoS requirement using the fuzzy control system. To ensure the total allocated power does not exceed the available budget, a constraint is applied during allocation.
Performance Metrics
The performance of the proposed method is evaluated using:
· Sum Rate: The total data rate achieved by all users.
· Fairness Index: Jain's fairness index, calculated as:

where Ri​ is the rate for user i and N is the number of users.
· Energy Efficiency: The sum rate divided by the total power consumed.
Results and Discussion
The simulation results demonstrate the effectiveness of the proposed fuzzy logic-based power allocation scheme. The power allocation varies adaptively based on user distance and QoS requirements, maintaining a balance between fairness and overall throughput.
Performance Comparison: 
The fuzzy logic approach was compared to a conventional equal power allocation scheme. The proposed method showed:
Comparison of Performance Metrics:
	Metrices 
	Fuzzy Logic Based
	Static Method 

	Sum Rate (bps)
	1.550067e+08   
	1.489755e+08


	Fairness Index  
	9.997409e-01   
	9.997687e-01

	Energy Efficiency (bps/W)  
	1.550067e+08   
	1.489755e+08



Analysis:
Sum Rate:
· The fuzzy logic-based approach achieves a slightly higher sum rate compared to the static method. This indicates that the power allocation using fuzzy logic improves the total achievable rate in the network.
Fairness Index:
· Both methods exhibit a high fairness index, indicating an equitable distribution of resources among users. The static method shows a marginally higher fairness index, but the difference is negligible.
Energy Efficiency:
· The energy efficiency, which mirrors the sum rate per unit of total power, shows the fuzzy logic-based method has a better energy efficiency. This result highlights the capability of the fuzzy logic method to maximize the network's performance while maintaining power constraints.

Plots and Analysis: 
The distance vs. allocated power plot illustrates the adaptive behavior of the fuzzy logic controller. Users with greater distance received higher power allocations, reflecting the need for compensating path loss. Additionally, users with higher QoS requirements were prioritized in power allocation. Distance vs. allocated power in both FLC based and static power allocation method is shown in the figure below. 
[image: ]
3D plot of the distance vs. allocated power and channel gain is shown below. 
[image: ]
Heat map of the power distribution is shown below
[image: ]
Figure 3 Heat map of the power allocation
Conclusion
The proposed fuzzy logic-based power allocation scheme for WSNs shows significant improvements in energy efficiency, fairness, and throughput. By incorporating distance and QoS requirements, the method adapts dynamically to changing network conditions, providing an effective solution for real-time power management in WSNs. Future research could explore hybrid models that combine fuzzy logic with machine learning algorithms for real-time optimization and improved adaptability in larger-scale networks.
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