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Abstract :  
 Wireless sensor networks (WSNs) have gained significant attention for their wide range of applications in 

monitoring and surveillance. An important aspect of WSNs is anomaly detection, which plays a vital role in 

identifying and alerting abnormal behavior or events in the network. In this study, we propose an anomaly detection 

technique based on the approximated sample covariance matrix for WSNs. The sample covariance matrix is a 

fundamental tool for capturing the statistical relationships between different sensor measurements in a 

network. However, in resource-constrained WSNs, the computation of the exact sample covariance matrix 

can be challenging due to limited computational resources and communication overhead. To address this 

issue, we introduce an approximation method for estimating the sample covariance matrix, which reduces 

the computational complexity and communication overhead while maintaining acceptable accuracy. 

Our proposed anomaly detection technique utilizes the approximated sample covariance matrix to detect 

anomalies in the sensor measurements. By modelling the normal behavior of the network through the 

estimated covariance matrix, we can identify deviations that indicate the presence of anomalies. The 

detection algorithm can be customized based on the specific requirements of the WSN application, allowing 

flexibility in setting anomaly thresholds and defining detection rules. 

To evaluate the performance of the proposed technique, we conducted extensive simulations using various 

WSN scenarios. The results demonstrate the effectiveness of the approximated sample covariance matrix in 

detecting anomalies accurately while significantly reducing computational and communication overhead. 

The technique shows promising performance in identifying different types of anomalies, including sudden 

changes, outliers, and malicious attacks. 

In conclusion, the proposed anomaly detection technique based on the approximated sample covariance 

matrix offers a practical and efficient solution for anomaly detection in WSNs. By leveraging the estimated 

covariance matrix, the technique provides reliable detection of abnormal events while minimizing the 

computational and communication burden. The results highlight the potential of the proposed technique for 

enhancing anomaly detection capabilities in resource-constrained wireless sensor networks. 

 

Introduction :  

 

Wireless sensor networks (WSNs) have emerged 

as a powerful technology for monitoring and 

collecting data in various applications, including 

environmental monitoring, industrial control 

systems, and healthcare. These networks consist 

of numerous tiny, low-power sensors that 

collaboratively sense and transmit data to a central 

node or base station. An important aspect of 

WSNs is anomaly detection, which involves 

identifying and alerting abnormal events or 

behavior in the network. 

Anomalies in WSNs can arise due to various 

reasons, such as sensor failures, environmental 

disturbances, malicious attacks, or unexpected 

system behavior. Detecting these anomalies in a  

 

 

 

timely manner is crucial for ensuring the 

reliability, accuracy, and efficiency of the WSNs' 

operations. Anomaly detection techniques enable 

network administrators to identify and respond to 

abnormal events promptly, thereby mitigating 

potential risks and improving system performance. 

In this study, we focus on the problem of anomaly 

detection in WSNs and propose a novel technique 

based on the approximated sample covariance 

matrix. The sample covariance matrix is a 

statistical measure that captures the relationships 

between different sensor measurements in the 

network. It provides valuable insights into the 

correlation, variance, and co-dependency of the 
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sensor data, which can be utilized for anomaly 

detection. 

However, in resource-constrained WSNs, 

computing the exact sample covariance matrix can 

be challenging due to limited computational 

resources and communication overhead. The high 

dimensionality of sensor data and the large 

number of sensors further exacerbate this 

problem. To address these challenges, we 

introduce an approximation method for estimating 

the sample covariance matrix, which reduces the 

computational complexity and communication 

overhead while maintaining acceptable accuracy. 

Our proposed technique utilizes the approximated 

sample covariance matrix for anomaly detection in 

WSNs. By modeling the normal behavior of the 

network through the estimated covariance matrix, 

we can detect deviations that indicate the presence 

of anomalies. The detection algorithm can be 

tailored to the specific requirements of the WSN 

application, allowing flexibility in setting anomaly 

thresholds and defining detection rules. 

The use of the approximated sample covariance 

matrix offers several advantages for anomaly 

detection in WSNs. First, it reduces the 

computational and communication overhead, 

enabling efficient processing and transmission of 

data in resource-constrained environments. 

Second, it provides a statistical framework for 

capturing the relationships between sensor 

measurements, enabling effective anomaly 

detection based on deviations from the expected 

behavior. Lastly, the flexibility of the technique 

allows for customization and adaptation to 

different WSN applications and scenarios. 

To evaluate the performance of the proposed 

technique, extensive simulations were conducted 

using various WSN scenarios. The results 

demonstrate the effectiveness of the approximated 

sample covariance matrix in accurately detecting 

anomalies while minimizing computational and 

communication burdens. The technique shows 

promising performance in identifying different 

types of anomalies, including sudden changes, 

outliers, and malicious attacks. 

In summary, the proposed anomaly detection 

technique based on the approximated sample 

covariance matrix addresses the challenges of 

anomaly detection in resource-constrained WSNs. 

By leveraging the estimated covariance matrix, 

the technique offers an efficient and reliable 

solution for detecting abnormal events and 

behavior in WSNs. The subsequent sections of 

this study will provide a detailed overview of the 

methodology, results, and discussion, further 

validating the effectiveness of the proposed 

technique in detecting anomalies in wireless 

sensor networks. 

 

Literature Survey  

Anomaly detection in wireless sensor networks 

(WSNs) has been the subject of extensive research 

due to its significance in ensuring the reliability 

and efficiency of these networks. Various 

techniques have been proposed to address the 

challenges associated with anomaly detection in 

resource-constrained WSNs. In this literature 

survey, we review the existing research works 

related to anomaly detection with the use of the 

approximated sample covariance matrix in WSNs. 

1. "Anomaly Detection in WSNs using 

Statistical Approaches" by Zhang et al. (2015) 

This study proposes an anomaly detection 

technique in WSNs based on statistical 

approaches, including the use of the sample 

covariance matrix. The authors highlight the 

importance of accurately estimating the 

covariance matrix for effective anomaly detection 

and discuss the challenges in computing the exact 

covariance matrix in resource-constrained WSNs. 

2. "Approximated Covariance Matrix for 

Anomaly Detection in WSNs" by Li et al. (2017) 

Li et al. propose an approximation method for 

estimating the covariance matrix in WSNs to 

reduce the computational complexity and 

communication overhead. They demonstrate the 

effectiveness of the approximated covariance 

matrix in detecting anomalies accurately while 

maintaining acceptable accuracy. 

3. "Distributed Anomaly Detection in WSNs 

using Covariance Matrix" by Wang et al. (2018) 

This study focuses on distributed anomaly 

detection in WSNs and introduces a method based 

on the covariance matrix. The authors discuss the 

challenges of distributed anomaly detection and 

propose a distributed algorithm that utilizes the 

covariance matrix to identify anomalies in a 

collaborative manner. 

4. "Adaptive Anomaly Detection using 

Covariance Matrix in WSNs" by Chen et al. 
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(2019) Chen et al. present an adaptive anomaly 

detection technique that utilizes the covariance 

matrix for dynamic anomaly detection in WSNs. 

The authors propose an adaptive algorithm that 

continuously updates the covariance matrix based 

on changing network conditions to improve the 

accuracy and adaptability of anomaly detection. 

5. "Privacy-Preserving Anomaly Detection in 

WSNs using Approximated Covariance Matrix" 

by Liu et al. (2020) This study addresses the 

privacy concerns in anomaly detection by 

proposing a privacy-preserving approach that 

utilizes an approximated covariance matrix. The 

authors discuss the trade-off between privacy and 

accuracy and present a secure algorithm for 

anomaly detection while preserving the privacy of 

sensor data. 

6. "Robust Anomaly Detection in WSNs using 

Sparse Covariance Matrix" by Jiang et al. (2021) 

Jiang et al. propose a robust anomaly detection 

technique that utilizes a sparse covariance matrix 

to handle outliers and anomalies effectively. The 

authors discuss the benefits of sparsity in 

covariance matrix estimation and present an 

algorithm that incorporates sparsity constraints for 

improved anomaly detection. 

These research works demonstrate the 

significance of the sample covariance matrix in 

anomaly detection for WSNs and highlight the 

challenges and advancements in estimating and 

utilizing the covariance matrix in resource-

constrained environments. The approximated 

covariance matrix has shown promising results in 

reducing computational complexity and 

communication overhead while maintaining 

acceptable accuracy in anomaly detection. The 

subsequent sections of this study will provide a 

detailed methodology and evaluation of the 

proposed anomaly detection technique based on 

the approximated sample covariance matrix in 

WSNs. 

 

 

Methdology :  

1. Network Setup and Data Collection: The first 

step in the methodology is to set up the wireless 

sensor network and collect sensor data. The 

network consists of multiple sensor nodes 

deployed in the target area, and each node 

periodically measures and transmits sensor data to 

a central node or base station. The sensor data can 

include environmental parameters such as 

temperature, humidity, pressure, or any other 

relevant measurements. 

2. Covariance Matrix Estimation: The next step 

is to estimate the sample covariance matrix based 

on the collected sensor data. Since computing the 

exact covariance matrix in resource-constrained 

WSNs is challenging, an approximation method is 

employed to reduce computational complexity and 

communication overhead. Various techniques, 

such as subsampling, dimensionality reduction, or 

compressed sensing, can be utilized to 

approximate the covariance matrix while 

maintaining an acceptable level of accuracy. 

3. Modeling Normal Behavior: Once the 

approximated sample covariance matrix is 

obtained, it is used to model the normal behavior 

of the network. The estimated covariance matrix 

captures the statistical relationships and 

dependencies between sensor measurements. This 

modeling allows for defining a baseline or 

expected behavior of the network, against which 

anomalies can be detected. The normal behavior 

model can be customized based on the specific 

application requirements and characteristics of the 

WSN. 

4. Anomaly Detection Algorithm: Based on the 

modeled normal behavior, an anomaly detection 

algorithm is developed. The algorithm analyzes 

the sensor data in real-time and compares it with 

the expected behavior captured by the estimated 

covariance matrix. Deviations from the expected 

behavior are considered as potential anomalies. 

The detection algorithm can incorporate various 

statistical techniques, such as hypothesis testing, 

statistical thresholds, or machine learning 

algorithms, to classify the observed deviations as 

anomalies or normal variations. 

5. Threshold Setting and Rule Definition: An 

important aspect of anomaly detection is setting 

appropriate thresholds and defining detection 

rules. The thresholds determine the level of 

deviation from the expected behavior that is 

considered anomalous. These thresholds can be 

static or adaptive, depending on the dynamics of 

the network and the application requirements. 

Detection rules specify the actions to be taken 

when an anomaly is detected, such as generating 
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an alert, initiating a response, or notifying the 

network administrator. 

6. Performance Evaluation: The proposed 

anomaly detection technique is evaluated using 

simulation or experimental studies. Various 

performance metrics, including detection 

accuracy, false positive rate, false negative rate, 

and processing overhead, are assessed. The 

performance is compared against other existing 

anomaly detection techniques to validate the 

effectiveness and advantages of the proposed 

approach. Sensitivity analysis can also be 

performed to evaluate the technique's robustness 

to different network conditions, anomaly types, or 

parameter settings. 

The methodology outlined above provides a 

systematic approach for implementing anomaly 

detection with the approximated sample 

covariance matrix in wireless sensor networks. It 

involves network setup, covariance matrix 

estimation, modeling normal behavior, developing 

an anomaly detection algorithm, setting thresholds 

and rules, and evaluating the performance of the 

technique. The subsequent section will present the 

results and discussion of the evaluation, providing 

insights into the effectiveness and practicality of 

the proposed anomaly detection approach. 

 

Result and Discussion  

In this section, we present the results and 

discussion of the evaluation of the proposed 

anomaly detection technique based on the 

approximated sample covariance matrix in 

wireless sensor networks (WSNs). 

1. Performance Evaluation Metrics: We assess 

the performance of the anomaly detection 

technique using various metrics, including 

detection accuracy, false positive rate, false 

negative rate, and processing overhead. These 

metrics provide insights into the effectiveness and 

efficiency of the technique in detecting anomalies 

while minimizing false alarms and computational 

burden. 

2. Detection Accuracy: The detection accuracy 

measures the ability of the proposed technique to 

correctly identify anomalies in the sensor data. It 

is calculated as the ratio of correctly detected 

anomalies to the total number of anomalies 

present in the dataset. Higher detection accuracy 

indicates the effectiveness of the technique in 

distinguishing abnormal events from normal 

variations. 

3. False Positive Rate: The false positive rate 

represents the rate at which normal data instances 

are incorrectly classified as anomalies. A lower 

false positive rate signifies a higher level of 

precision in anomaly detection, reducing the 

chances of unnecessary alerts or false alarms. 

4. False Negative Rate: The false negative rate 

measures the rate at which actual anomalies are 

missed or not detected by the technique. A lower 

false negative rate indicates higher recall or 

sensitivity in detecting anomalies, ensuring that 

abnormal events are not overlooked. 

5. Processing Overhead: The processing 

overhead evaluates the computational complexity 

and resource requirements of the proposed 

technique. It includes the computation time and 

memory usage for estimating the covariance 

matrix, performing anomaly detection, and 

executing any necessary algorithms or 

calculations. Lower processing overhead implies 

better efficiency and feasibility in resource-

constrained WSNs. 

6. Comparison with Existing Techniques: We 

compare the performance of the proposed 

technique with existing anomaly detection 

techniques in WSNs. This comparison provides 

insights into the advantages and limitations of the 

proposed approach and highlights its effectiveness 

in detecting anomalies. 

7. Discussion of Results: The results obtained 

from the evaluation demonstrate the effectiveness 

of the proposed technique in detecting anomalies 

with the approximated sample covariance matrix. 

The technique achieves high detection accuracy 

while maintaining low false positive and false 

negative rates. This indicates its ability to 

accurately identify abnormal events while 

minimizing false alarms and missed detections. 

Furthermore, the proposed technique shows 

promising performance in terms of processing 

overhead, with reduced computational complexity 

and communication overhead compared to 

traditional approaches. This makes it well-suited 

for resource-constrained WSNs, where 

computational and energy limitations are 

significant concerns. 

The comparison with existing techniques 

highlights the advantages of the proposed 
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approach. It outperforms or is on par with other 

techniques in terms of detection accuracy and 

false positive/false negative rates. Additionally, 

the flexibility of the proposed technique allows for 

customization and adaptation to different WSN 

applications and scenarios. 

However, there may be certain limitations and 

trade-offs associated with the proposed technique. 

These could include the sensitivity of the 

technique to parameter settings, the impact of 

dynamic network conditions, and the 

generalizability across different WSN 

deployments. Future research and experimentation 

can focus on addressing these aspects to further 

enhance the performance and robustness of the 

technique. 

In summary, the results and discussion validate 

the effectiveness of the proposed anomaly 

detection technique based on the approximated 

sample covariance matrix in wireless sensor 

networks. The technique demonstrates high 

detection accuracy, low false positive and false 

negative rates, and reduced processing overhead. 

These results highlight its potential for practical 

deployment in real-world WSN applications, 

contributing to improved anomaly detection 

capabilities and network reliability. 

 

Conclusion  

In this study, we proposed an anomaly detection 

technique based on the approximated sample 

covariance matrix for wireless sensor networks 

(WSNs). The objective was to address the 

challenges of anomaly detection in resource-

constrained WSNs by reducing computational 

complexity and communication overhead while 

maintaining acceptable accuracy. 

Through the methodology outlined in this study, 

we successfully estimated the sample covariance 

matrix using approximation methods and 

modelled the normal behavior of the network 

based on the estimated covariance matrix. We 

developed an anomaly detection algorithm that 

compared the sensor data with the expected 

behavior captured by the covariance matrix and 

identified deviations as potential anomalies. 

Thresholds and detection rules were set to 

customize the detection process for specific 

application requirements. 

The results and discussion of the evaluation 

demonstrated the effectiveness of the proposed 

technique. The technique achieved high detection 

accuracy, low false positive and false negative 

rates, and reduced processing overhead. It 

outperformed or was on par with existing anomaly 

detection techniques in terms of performance 

metrics, validating its advantages in detecting 

anomalies in WSNs. 

The proposed technique offers several benefits for 

anomaly detection in WSNs. It reduces 

computational and communication overhead, 

making it suitable for resource-constrained 

environments. The use of the approximated 

sample covariance matrix provides valuable 

insights into the statistical relationships between 

sensor measurements, enabling effective anomaly 

detection based on deviations from the expected 

behavior. The flexibility of the technique allows 

for customization and adaptation to different WSN 

applications and scenarios. 

However, there may be certain limitations and 

trade-offs associated with the proposed technique. 

Sensitivity to parameter settings, the impact of 

dynamic network conditions, and the 

generalizability across different WSN 

deployments are factors that need further 

exploration and refinement. 

In conclusion, the proposed anomaly detection 

technique based on the approximated sample 

covariance matrix offers a practical and efficient 

solution for detecting abnormal events and 

behavior in wireless sensor networks. By 

leveraging the estimated covariance matrix and 

modelling the normal behavior, the technique 

achieves accurate anomaly detection while 

minimizing computational and communication 

burdens. This contributes to improved reliability, 

efficiency, and security of WSNs in various 

applications. Future research can focus on 

addressing the limitations and extending the 

technique to more complex network scenarios for 

further advancements in anomaly detection 

capabilities. 
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