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ABSTRACT:

In modern power systems and industrial environments, wire overheating can pose serious safety hazards, leading to equipment failures or fire hazards. This paper
presents the design and implementation of a smart wire overheating detection system using a Simulink model integrated with an artificial neural network (ANN).
The system monitors temperature in real-time and generates an alert when abnormal heating is detected. The ANN, trained on thermal behavior data, predicts
overheating trends based on current and temperature input parameters. Upon detection, the system sends alert notifications to a remote location using the ThingSpeak
10T platform. The integration of neural networks with real-time Simulink modeling and 10T connectivity ensures proactive monitoring and enhances system safety.
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Introduction

The safety and efficiency of electrical systems depend heavily on the real-time monitoring of critical components, particularly the transmission wires.
Overheating in wires due to overload or environmental conditions can lead to insulation failure, fire, and downtime in electrical systems. Traditional
methods rely on simple threshold-based alerts, which often fail to capture patterns leading to failures.

This study introduces an intelligent overheating detection system using a neural network integrated into a Simulink model in MATLAB. The system is
further enhanced with loT-based communication using the ThingSpeak platform to notify the user remotely. By incorporating machine learning and loT,
this system bridges the gap between local physical measurement and global alerting infrastructure.

2. System Architecture

The proposed overheating detection and alert system was developed using MATLAB/Simulink R2022b, which served as the primary environment for
modeling and simulation. This platform was chosen due to its robust simulation capabilities and seamless integration with machine learning tools. The
Neural Network Toolbox within MATLAB was employed to design, train, and implement an artificial neural network (ANN) capable of predicting
overheating conditions based on real-time input parameters. For remote data logging and alert transmission, the system utilized the ThingSpeak loT
platform. ThingSpeak provided a reliable cloud-based service for uploading sensor data, visualizing trends, and triggering alerts. Since the model was
developed and tested in a virtual environment, simulated sensor inputs were used to mimic temperature and current readings typically observed in
electrical wires. These synthetic signals were generated within Simulink to represent various real-world scenarios such as normal operating conditions,
gradual heating, and critical overheating. This simulation setup ensured that the system could be thoroughly tested and validated before deployment in a
physical setup..

2.2 Block Diagram

[Input: Temperature & Current]
[Pre—pr$cessing Block in Simulink]
[NeurallNetwork Predictor]
[Overhe;t Detection Logic]
[Thingsgeak Write API Block]
[RemotelAlert to User]
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3. Neural Network Design
3.1 Dataset Creation

A dataset was created simulating various wire conditions:

o  Normal operation (30-50°C)
®  Moderate heating (51-70°C)
e  Critical heating (71°C+)

Each sample includes:

e Input 1: Ambient temperature
®  Input 2: Current passing through wire
e  OQutput: Binary classification (Normal/Overheat)

3.2 Network Architecture

Type: Feedforward Neural Network

Hidden Layers: 1 (with 10 neurons)

Activation Function: ReLU

Training Algorithm: Levenberg—Marquardt
Performance Metric: Mean Squared Error (MSE)

3.3 Training and Testing

e  Data Split: 70% Training, 15% Validation, 15% Testing
®  MSE achieved: 0.0021
®  Accuracy: 97.5% on test data

4. Simulink Model Description

The Simulink model developed for this system is structured into four main functional blocks, each playing a critical role in enabling real-time overheating

detection and loT-based alerting.

Contmuous

RMS

oullrip_signal

Function Filtng Meural Network

Figure 1 Simulink model
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4.1 Sensor Input Simulation

This block is responsible for generating synthetic data that simulates real-world conditions of electrical wires. It uses signal generators and mathematical
models within Simulink to produce temperature and current values over time. These simulated signals mimic various operational states such as normal
current flow, gradual temperature rise, and critical overheating. This approach allows for comprehensive testing and validation of the system under a
range of conditions without requiring physical sensors.

4.2 Neural Network Block

The neural network block is implemented using the Neural Network Toolbox and is integrated into Simulink through the use of 'From Workspace' and
related neural network function blocks. This block receives the simulated temperature and current data as inputs and processes them using a pre-trained
feedforward neural network. The network outputs a binary classification: O for normal conditions and 1 for detected overheating. This intelligent
prediction capability allows the system to respond not only to current values but also to learned patterns that indicate potential danger.

4.3 Alert Generation Logic

Once the neural network prediction is obtained, it is passed through a decision logic block that evaluates the result. A simple IF condition is used: if the
neural network output equals 1, indicating overheating, an alert signal is generated. This alert can be used to trigger visual or audio indicators, send
notifications, or initiate automated safety measures, depending on system integration.

4.4 ThingSpeak Integration

To facilitate remote monitoring and alerting, the system is connected to the ThingSpeak loT platform. This is achieved through the use of the HTTP Write
function block, which sends real-time data to a ThingSpeak channel using its Write API. The transmitted data includes a timestamp, the current and
temperature readings, and the overheat status (0 or 1). This enables users to monitor the condition of the wire from any location via the ThingSpeak web
dashboard, enhancing the safety and accessibility of the system.

5. ThingSpeak loT Platform

The integration of the ThingSpeak loT platform plays a vital role in enabling remote monitoring and real-time data visualization in the proposed system.
It provides a cloud-based environment where processed data from the Simulink model is stored, analyzed, and displayed for end-users.

5.1 Channel Setup

To begin with, a dedicated ThingSpeak channel was created specifically for the overheating detection system. This channel was configured with multiple
fields to store the key parameters: temperature, current, and overheat status. These fields were designed to reflect the real-time conditions of the wire
being monitored. An API key, generated during the channel setup, was embedded into the Simulink model using the HTTP Write block. This secure API
key ensures authorized data transmission from the Simulink environment to the ThingSpeak server.

5.2 Data Visualization

ThingSpeak provides built-in tools for visualizing data as it is received. In this system, real-time graphs were configured to display the temperature and
current values continuously, giving users an intuitive view of system performance and any anomalies. Furthermore, the overheat status was visualized as
a binary signal (0 or 1), making it easy to detect when an alert condition was triggered. To enhance user accessibility, the system can be extended to send
mobile notifications by linking ThingSpeak with external services such as MATLAB Apps or IFTTT (If This Then That). This ensures that users are
immediately informed of critical conditions even when they are not actively monitoring the dashboard.

6. Results and Discussion

The system was tested under varying simulated conditions. It consistently predicted overheating scenarios and sent accurate alerts to the ThingSpeak
dashboard.

|Test Case||Temperature||Current||NN Output||AIert Sent|

1 |[45°C lea_ o |[No |
l2 |[72°C ll2a )1 |[Yes |
I3 |l68°C oA [t |[Yes |

The ANN-based prediction provides early detection capability compared to static threshold-based systems.
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Training Progress

Unit Initial Value Stopped Value Target Value
Epoch 0 10 1000
Elapsed Time - 00:00:01 -
Performance 253 0.00945 0
Gradient 413 0.0829 1e-07
Mu 0.001 1e-05 1e+10
Validation Checks 0 [ 3
Figure 2 Training progress
Observations MSE
Training 44 0.0163 0.9420
Validation 0.0032 0.9986
Test 0.0391 0.9289
Figure 3 Training state
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Figure 4 Best validation performance
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Mean Squared Error (mse)

Qutput ~= 1*Target + 0.045

Output ~= 0.96*Target + 0.051
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Figure 5 Best validation performance
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Figure 8 Function fit for output element

7. Advantages of the Proposed System

. Real-time detection using dynamic input data.

e  Machine learning-based prediction allows generalization across unseen data.
. 10T integration provides access to data from any remote location.

e  Low-cost implementation with simulated sensors and ThingSpeak API.

8. Conclusion

The proposed model demonstrates an effective and intelligent solution for detecting wire overheating in electrical systems. The integration of ANN in
Simulink enables real-time analysis, while ThingSpeak offers a reliable channel for alerting. This approach can be scaled for industrial environments with
physical sensors and cloud integration for predictive maintenance applications.

9. Future Work

. Integrate real sensors with Arduino or ESP32 for physical implementation.
. Implement deep learning models for better prediction accuracy.

. Extend to detect insulation degradation or short-circuit conditions.

e Link the system to automated shut-off controls.
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