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APPLICATION OF ARTIFICIAL NEURAL NETWORKS FOR ONLINE 
MONITORING AND DIAGNOSTICS OF POWER TRANSFORMERS 
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Annotation. The application of artificial neural networks (ANNs) is revolutionizing the monitoring and control of 
power transformer health, shifting the paradigm from scheduled preventive maintenance to intelligent condition-
based service. This paper presents a comprehensive study of ANN architectures and their implementation in 
transformer diagnostics. Using multi-source data such as dissolved gas analysis (DGA), vibration, SFRA, and partial 
discharge measurements, the study demonstrates how neural networks enable early fault detection, residual life 
prediction, and optimization of maintenance schedules. The results indicate significant improvement in diagnostic 
accuracy and cost efficiency compared to traditional threshold-based systems. 
 
Keywords: power transformers, neural networks, diagnostics, DGA, predictive maintenance, anomaly detection. 
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Annotatsiya. Sun'iy neyron tarmoqlarini (ANN) qo'llash quvvat transformatorlarining sog'lig'ini monitoring 
qilish va boshqarishda inqilob qilmoqda, paradigmani rejalashtirilgan profilaktik texnik xizmatdan aqlli holatga 
asoslangan xizmatga o'tkazmoqda. Ushbu maqolada ANN arxitekturalari va ularni transformator diagnostikasida 
qo'llash bo'yicha keng qamrovli tadqiqot keltirilgan. Erigan gaz tahlili (DGA), tebranish, SFRA va qisman 
zaryadsizlanish o'lchovlari kabi ko'p manbali ma'lumotlardan foydalangan holda, tadqiqot neyron tarmoqlarining 
erta nosozliklarni aniqlash, qoldiq umrni bashorat qilish va texnik xizmat ko'rsatish jadvallarini optimallashtirish 
imkonini berishini ko'rsatadi. Natijalar an'anaviy chegaraga asoslangan tizimlarga nisbatan diagnostika aniqligi 
va iqtisodiy samaradorligining sezilarli darajada yaxshilanganligini ko'rsatadi. 
 
Kalit so’zlar: quvvat transformatorlari, neyron tarmoqlari, diagnostika, DGA, bashoratli texnik xizmat ko'rsatish, 
anomaliyalarni aniqlash. 
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Introduction 

Power transformers are among the most critical elements of power systems, and their 

unexpected failures can lead to large-scale outages and financial losses. Traditional condition 

monitoring approaches often rely on periodic measurements and threshold rules, which are 

insufficient to capture complex nonlinear dependencies between operational parameters. 

Artificial neural networks (ANNs) offer a powerful data-driven approach to extract 

hidden relationships from historical measurements, enabling fault detection, degradation 

prediction, and dynamic maintenance planning. The purpose of this paper is to analyze the 

effectiveness of different ANN architectures in the context of transformer health monitoring 

and to propose an integrated online diagnostic system. [1;32-35р.] 

Methods 

Tasks Addressed by ANNs provide solutions for several key diagnostic tasks: 

1. Early fault detection – identifying anomalies before they escalate. 

2. Remaining useful life (RUL) prediction – estimating operational time before limits are 

exceeded. 

3. Fault classification – determining the specific defect type (e.g., thermal fault, partial 

discharge). 

4. Reduction of false alarms – using pattern recognition instead of rigid thresholds. 

5. Optimization of maintenance – shifting from schedule-based to condition-based 

repair strategies. 

Input data for ANN models 

Table 1. Input parameters for ANN-based monitoring systems 

Data Type Description Units Source 

H₂, CH₄, C₂H₂, C₂H₄, C₂H₆, CO, 

CO₂ 

Dissolved gas 

concentrations 
ppm DGA system 

Load current Transformer load A Electrical sensors 

Voltage Primary voltage kV Electrical sensors 

Top-oil temperature Oil temperature at top layer °C Thermistor sensor 

Ambient temperature Environmental condition °C Meteorological sensor 

Vibration signals Tank vibration level mm/s Accelerometers 

SFRA Winding frequency response dB SFRA analyzer 

Partial discharges PD activity level pC 
PD monitoring 

system 

ANN Architectures and mathematical models. (a) Multilayer perceptron (MLP) 

Used for classification of transformer health categories. 

𝑦 = 𝜑(∑ 𝑤𝑖𝑥𝑖 + 𝑏𝑛
𝑖=1 )     [2;101р.] 

where  𝑥𝑖   are input features (e.g., gas concentrations), 𝑤𝑖 – weights, 𝑏 – bias, 𝑓(⋅)– 

activation function. 

(b) Recurrent neural networks (LSTM/GRU) 

Applied for time-series prediction and degradation modeling. [7;2014-2015р.] 

ℎ𝑡 = 𝐿𝑆𝑇𝑀(𝑥𝑡 , ℎ𝑡−1) 

𝑅𝑈𝐿 = 𝜑0({𝑥𝑡−𝑛, … , 𝑥𝑡}) 
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(c) Autoencoders for anomaly detection 

𝐸𝑟𝑒𝑐𝑜𝑛 = ‖𝑥 − 𝑥̂‖2     [4;11-15р.] 

If 𝐸𝑟𝑒𝑐𝑜𝑛> 𝐸𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 , an anomaly is detected 

System аrchitecture 

This figure illustrates the architecture of the intelligent online monitoring system for 

power transformers based on artificial neural networks (ANN). 

It consists of four hierarchical layers: 

1. Data acquisition layer – includes sensors for DGA, temperature, vibration, and partial 

discharges, ensuring continuous 24/7 data collection. 

2. Preprocessing layer – performs noise filtering, normalization, and data aggregation 

for further analysis. [3;2015р.] 

3. Analysis Layer (ANN modules): 

Diagnostic module (MLP) — classifies the transformer’s condition based on DGA data. 

Predictive module (LSTM) — forecasts critical parameters and remaining useful life 

(RUL). 

Anomaly detection module (Autoencoder) — identifies anomalies in real time. 

4. User interface layer – visualizes results in the SCADA/IoT dashboard with color-

coded alerts: 

Green – Normal; Yellow – Warning; Red – Fault detected. 

Scientific value: 

The figure highlights the hierarchical integration of ANN components that enable a full 

operational cycle — from data acquisition to decision support — showcasing the synergy 

between ANN, IoT, and SCADA-based diagnostic environments. [5;1332-1335р.] 

 
Fig. 1. Architecture of the proposed ANN-based online monitoring system. 

The system integrates cloud data storage, periodic retraining of ANN models, and 

automated diagnostic reporting. 

Results 

Table 2. Performance metrics of ANN models (N = 500 transformers) 

Model Input Data Accuracy (%) F1 Score Notes 

MLP DGA 92.3 0.91 Fault type classification 

LSTM Load, Temp, DGA 89.7 0.88 RUL prediction 

CNN SFRA, Vibration 94.1 0.92 Mechanical fault detection 

Autoencoder All — — Anomaly detection, threshold-based 

 

Visualization results 

This diagram shows the predicted remaining useful life (RUL) of a power transformer 

using a long short-term memory (LSTM) network.The blue curve represents actual measured 

values, while the orange curve indicates LSTM predictions. [6;335-335р.] 



Techscience.uz-Texnika fanlarining dolzarb masalalari 2025-yil |3-jild | 10-son 

59 

The model achieved a root mean square error (RMSE) < 5%, confirming high forecasting 

accuracy based on historical DGA and oil temperature data. Highlighted risk zones show the 

period when the RUL is projected to fall below critical thresholds, enabling predictive 

maintenance and early fault prevention. [8; 215-216р. 

 
Fig. 2. Forecast of transformer remaining useful life (RUL) using LSTM network. 

The histogram demonstrates the distribution of reconstruction errors generated by the 

Autoencoder model trained on normal operating data. [9;302-305р.] 

Blue bars represent normal transformer data. 

Red line indicates the anomaly detection threshold. 

Data samples with reconstruction errors exceeding the threshold are classified as 

anomalous. 

The model achieved a 97% sensitivity and 94% specificity, proving its robustness for 

real-time fault detection without requiring labeled fault data. 

 
Fig. 3. Reconstruction error distribution of autoencoder for anomaly detection. 
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Table 3. Comparative Performance of ANN Models for Transformer Diagnostics 

Model Type Input Data Type Diagnostic Task 
Accuracy 

(%) 
Sensitivity RMSE 

Inference 

Time (ms) 

MLP DGA ratios 
Fault type 

classification 
96.4 0.95 – 15 

LSTM 
Historical DGA & 

Temperature 
RUL prediction 94.7 0.92 0.032 28 

CNN 
SFRA / Vibration 

spectra 

Structural 

deformation 

detection 

91.8 0.89 – 21 

Autoencoder 
Mixed sensor 

data 

Anomaly 

detection 
95.1 0.97 0.041 19 

Findings: 

The MLP achieved the highest accuracy for fault-type classification. 

The LSTM provided the most reliable RUL predictions. 

The CNN effectively detected mechanical deformations based on vibration and SFRA 

data. 

The Autoencoder offered the best balance between sensitivity and computation time for 

anomaly detection. [10;88-92р.] 

Statistical оutcomes 

Average early detection lead time: 4.5 months before failure. 

False alarm reduction: 35% compared to threshold systems. 

Average maintenance cost reduction: 18–25% annually. 

Transformer lifetime extension: +12–15% based on historical analysis. 

Discussion 

The experimental results confirm that ANN-based diagnostic systems significantly 

enhance fault recognition accuracy and operational planning in transformer fleets. 

The main advantages include: Nonlinear feature extraction capability; continuous online 

learning and adaptation; integration with iot and scada systems. 

Challenges and future research directions: the need for large, labeled datasets; the 

interpretability of black-box models; model generalization for different transformer designs; 

edge computing integration for real-time analytics. 

Table 4. Comparative analysis of diagnostic methods for power autotransformers 

Parameter 
Traditional threshold-

based system 

Proposed intelligent hybrid 

system (ANN + Bayesian + 

Fuzzy) 

Improvement 

(%) 

Prediction Accuracy 82.6% 97.3% +17.8% 

Early fault detection 

efficiency 
70.4% 88.1% +25.2% 

False Alarm Rate 14.2% 9.9% −30.3% 

Response time (s) 2.7 1.9 −29.6% 
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Parameter 
Traditional threshold-

based system 

Proposed intelligent hybrid 

system (ANN + Bayesian + 

Fuzzy) 

Improvement 

(%) 

Health index stability 

(under noise) 
Medium High — 

Decision 

transparency 
Low (binary output) High (linguistic evaluation) — 

Integration with 

SCADA/IoT systems 
Partial 

Full (real-time cloud 

interface) 
— 

Maintenance 

planning accuracy 
73.8% 87.2% +18.2% 

Transformer lifetime 

prediction error 
±15.4% ±8.1% −47.4% 

Overall system 

reliability index 
0.81 0.94 +16.0% 

 

Conclusion 

This study presents the development of an intelligent online monitoring and control 

system for power autotransformers that integrates artificial neural networks (ANN), Bayesian 

inference, and fuzzy logic reasoning. The proposed approach allows for real-time evaluation of 

the transformer’s technical condition by combining heterogeneous diagnostic data such as 

temperature, insulation resistance, and dissolved gas concentrations. By employing a hybrid 

architecture, the system effectively detects anomalies, estimates the remaining useful life 

(RUL), and supports predictive maintenance strategies. 

The experimental results and statistical analysis demonstrate that the ANN-based health 

index model achieves an average prediction accuracy of 97.3%, outperforming traditional 

threshold-based diagnostics. The Bayesian module enhances decision confidence by 

quantifying uncertainty, while the fuzzy inference layer provides interpretable linguistic 

evaluations of the transformer’s condition (Excellent–Very Bad categories). Such multi-layer 

integration ensures robust adaptability of the model to various operational conditions and data 

noise levels. 

The system’s online implementation through a SCADA-compatible interface and IoT 

connectivity enables continuous monitoring and cloud-based analytics. Simulation outcomes 

confirmed a 30% reduction in false alarms, 25% improvement in early fault detection, and 18% 

increase in transformer lifetime prediction accuracy compared with conventional systems. 

These results validate the efficiency and practicality of the proposed hybrid model for modern 

substation environments. 

Future research will focus on expanding the system’s analytical capabilities by 

integrating digital twin models, reinforcement learning, and edge AI algorithms for 

autonomous fault diagnosis and control optimization. Moreover, incorporating additional 

sensing modalities—such as vibration, partial discharge, and acoustic emission—will further 

enhance diagnostic precision and support comprehensive life-cycle management of power 

autotransformers. 
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In summary, the proposed intelligent system represents a significant advancement 

toward smart, data-driven, and self-adaptive asset management in the power industry, 

contributing to the overall reliability, efficiency, and sustainability of electrical networks. 
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