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ABSTRACT 

Time series analysis plays a critical role in modern electrical and electronics engineering for 

evaluating data trends, forecasting loads, validating measurements, and supporting system-level 

decision-making. As electrical systems become increasingly digitized, the availability of high-

resolution data from sensors, SCADA units, smart meters, and monitoring equipment necessitates 

robust data collection, sampling, and statistical analysis methods. This paper provides a 

comprehensive review of techniques used for validating electrical data, methods of data observation 

and collection, statistical approaches including t-tests, ANOVA, hypothesis testing, and strategies for 

interpretation. The study further examines advanced time series methods for electrical load 

forecasting, curve fitting, and interpolation techniques relevant to signal processing and power system 

analytics. Emphasis is placed on the integration of statistical software packages such as SigmaSTAT 

and SPSS in engineering workflows. The review highlights key challenges and emerging trends in 

analyzing electrical time series data for improved reliability, accuracy, and predictive performance. 
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I. INTRODUCTION 

Electrical engineering systems generate vast 

amounts of continuous and discrete data 

through sensors, meters, and monitoring 

equipment. Accurate interpretation of this data 

is essential for system planning, operational 

decision-making, and performance evaluation. 

Historically, electrical data was analyzed using 

simple tabulation and manual graphing, but 

with advancements in automation, digital 

measurement systems, and computational 

tools, sophisticated statistical and time series 

techniques have become essential. Time-

dependent data such as voltage, current, 

frequency, power demand, and harmonics must 

be analyzed for trends, anomalies, and long-

term behavior. This motivates the need for 

robust data collection protocols, validation 

methods, sampling strategies, and statistical 

testing frameworks. 

The increasing integration of renewable energy 

sources, smart grids, IoT-enabled devices, and 

real-time monitoring systems has heightened 

the importance of time series analysis. 

Electrical load patterns exhibit strong seasonal, 

daily, and hourly variations that must be 

accurately forecasted for grid planning and 

distribution management. In addition, system 

operators rely on hypothesis testing and 

statistical measures to compare control 

strategies, evaluate equipment performance, 

and validate new engineering methods. The 

use of statistical software such as SigmaSTAT, 

SPSS, MATLAB, and Python-based tools has 

made complex analysis more accessible and 

standardized in engineering environments. 
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Fig 1. General Data Acquisition System 

(DAS)  

This paper presents a holistic overview of the 

processes involved in validating electrical 

data, collecting observations, selecting 

sampling techniques, and applying appropriate 

statistical tools. It also reviews modern time 

series applications including load forecasting, 

curve fitting, smoothing methods, and 

interpolation techniques widely used in 

electrical and electronics engineering. The 

study identifies key methodological challenges 

and highlights the significance of accurate data 

analysis in enhancing the reliability, efficiency, 

and intelligence of modern electrical systems. 

II. LITERATURE REVIEW 

Research into electrical data analysis has 

expanded significantly with the rise of digital 

measurement technologies. Studies highlight 

that reliable data collection depends heavily on 

correct sensor placement, calibration, and 

validation of recorded measurements. Several 

works emphasize the importance of sampling 

methods—such as random, systematic, and 

stratified sampling—to ensure representative 

datasets. Statistical validation techniques 

including t-tests and ANOVA are widely used 

for comparing different sets of electrical 

measurements, evaluating control strategies, 

and validating machine learning models. 

SigmaSTAT and SPSS have been extensively 

used for statistical modeling, hypothesis 

testing, and data visualization in laboratory 

and field applications. 

In the domain of time series analysis, 

researchers have explored various modeling 

techniques such as ARIMA, exponential 

smoothing, Kalman filtering, and machine 

learning-based forecasting. Load forecasting 

remains one of the most widely studied 

applications in power systems, with models 

aimed at predicting short-term, medium-term, 

and long-term demand. Curve fitting 

techniques using polynomials, exponentials, 

and least-squares regression have been 

employed to smooth noisy electrical data, 

identify underlying relationships, and extract 

meaningful patterns. Interpolation 

techniques—including linear, spline, and 

Lagrange interpolation—have been utilized in 

reconstructing missing or corrupted data, an 

important requirement in SCADA systems and 

PMU-based measurements. 

Despite advancements, several gaps remain. 

Many studies report challenges in handling 

large datasets, dealing with non-stationary 

signals, selecting optimal sample sizes, and 

managing uncertainties associated with 

renewable energy variability. Limitations in 

existing statistical packages, computational 

complexity in large-scale time series models, 

and difficulties in validating real-time data 

continue to present research opportunities. 

III. DATA COLLECTION AND 

VALIDATION METHODS 

Data analysis begins with accurate observation 

and collection of data from electrical systems. 

Sensors, transducers, smart meters, and data 

loggers are commonly used to capture voltage, 

current, frequency, harmonics, and temperature 

readings. Method validation ensures that 

collected data truly represents the physical 

quantity being measured. Validation 

techniques include calibration against 

standards, repeatability checks, reproducibility 

tests, and comparison with known reference 

values. Proper validation reduces uncertainties 

and improves the reliability of downstream 

analysis. 

Sampling methods also influence data 

accuracy and representativeness. Random 

sampling is ideal for large heterogeneous 

datasets, whereas systematic sampling is 

suitable for periodic or patterned electrical 

measurements. Stratified sampling is helpful 

when data must be grouped by categories such 

as load type or region. Proper sampling 
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minimizes bias and improves the statistical 

significance of analytical conclusions. After 

sampling, data must undergo cleaning, 

filtering, and preprocessing to remove noise, 

outliers, and measurement artifacts. 

Techniques such as moving averages, 

smoothing filters, and normalization are 

commonly applied. 

Statistical testing plays a key role in validating 

hypotheses related to electrical measurements. 

Student’s t-test is used to compare the means 

of two datasets—such as performance before 

and after installing power factor correction 

equipment. ANOVA techniques help in 

comparing multiple groups, such as voltage 

variations across different feeders. SPSS and 

SigmaSTAT automate these analyses and 

provide tools for confidence intervals, p-value 

calculations, correlation analysis, and 

regression modeling. These methods enable 

engineers to generalize results, interpret data 

trends, and make evidence-based decisions. 

IV. TIME SERIES ANALYSIS AND 

ELECTRICAL LOAD FORECASTING 

Time series analysis is critical for identifying 

patterns, detecting anomalies, and predicting 

future behaviors in electrical data. Electrical 

load patterns typically exhibit daily, weekly, 

and seasonal cycles influenced by temperature, 

human activity, and economic factors. 

Classical forecasting models such as ARIMA, 

Holt–Winters exponential smoothing, and 

autoregressive models are widely used for 

short-term load forecasting. More advanced 

approaches include Kalman filtering, recurrent 

neural networks (RNNs), and long short-term 

memory (LSTM) networks for real-time 

forecasting in smart grids. 

Curve fitting techniques form another core part 

of time series analysis. Polynomial fitting, 

least-squares regression, exponential curves, 

and Gaussian fitting help extract meaningful 

trends from noisy data. These techniques are 

essential for power quality analysis, harmonic 

studies, equipment degradation assessment, 

and performance evaluation of renewable 

energy systems. Curve fitting also aids in 

modeling temperature rise characteristics in 

transformers, decay curves in capacitor 

discharge, and PV module output 

characteristics under varying conditions. 

 
Fig 2. Unrolled LSTM uses time series data 

as input. 

Interpolation techniques are used when 

datasets contain missing, distorted, or 

insufficient data points. In electrical 

engineering, interpolation helps reconstruct 

signal waveforms, estimate missing SCADA 

data, improve PMU measurement quality, and 

enhance the accuracy of analytics. Linear 

interpolation is suitable for evenly spaced data, 

whereas spline and Lagrange interpolation 

produce smoother curves for nonlinear 

applications. These techniques support 

advanced modeling of waveforms, transient 

analysis, and renewable energy output 

estimation. 

V. CHALLENGES AND DISCUSSION 

Despite progress, several technical challenges 

affect time series analysis and data evaluation 

in electrical systems. Non-stationary behavior, 

noise, and anomalies in electrical signals 

require advanced preprocessing and 

transformation techniques. High-frequency 

measurement devices such as PMUs generate 

massive datasets, demanding efficient storage 

and real-time processing systems. Many 

developing regions face challenges in 

maintaining data quality due to sensor faults, 

communication delays, and incomplete 

records. 

Another major challenge is selecting 

appropriate models for forecasting and curve 

fitting. Electrical time series often exhibit 

nonlinear, chaotic, or seasonal behavior, 

making it difficult for classical models to 

capture patterns accurately. Machine learning 
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models require large training datasets and 

careful tuning, while statistical models demand 

assumptions such as linearity and normal 

distribution. Errors in model selection can lead 

to inaccurate predictions, especially in systems 

with renewable penetration. 

Validation of analytical outcomes also remains 

a concern. Hypothesis testing requires careful 

selection of significance levels, sampling 

strategies, and testing conditions. Engineers 

must ensure that generalizations are valid and 

interpretations are scientifically sound. 

Additionally, incorrect use of statistical 

software or misunderstanding of results can 

lead to erroneous engineering conclusions. 

Thus, a clear understanding of statistical 

principles is essential for reliable time series 

analysis in electrical engineering. 

VI. CONCLUSION 

This paper presented a comprehensive review 

of data collection, statistical analysis, 

hypothesis testing, and time series modeling 

techniques for electrical engineering 

applications. Various methods of sampling, 

data validation, and preprocessing were 

discussed along with statistical tools such as 

SigmaSTAT, SPSS, t-tests, and ANOVA. The 

study also highlighted advanced forecasting, 

curve fitting, and interpolation techniques 

essential for analyzing electrical load patterns 

and system behaviors. The findings emphasize 

the importance of accurate data interpretation 

in enhancing decision-making, improving 

reliability, and supporting smart grid 

transitions. Future work may focus on AI-

based forecasting, automated data cleaning, 

and high-resolution analytics for next-

generation electrical systems. 

REFERENCES 

[1] G. E. P. Box, G. M. Jenkins, G. C. Reinsel, 

and G. M. Ljung, Time Series Analysis: 

Forecasting and Control, 6th ed. Hoboken, NJ, 

USA: Wiley, 2021. 

[2] A. K. Singh and S. C. Srivastava, 

“Statistical techniques for power system data 

analysis: A review,” IEEE Trans. Smart Grid, 

vol. 12, no. 4, pp. 3568–3580, Jul. 2021. 

[3] Y. Wang, F. Li, and M. Shahidehpour, 

“Short-term load forecasting using ARIMA 

and machine learning techniques,” Electric 

Power Systems Research, vol. 214, pp. 

108829, 2023. 

[4] S. Makridakis, E. Spiliotis, and V. 

Assimakopoulos, “Statistical and machine 

learning forecasting methods: Concerns and 

ways forward,” PLOS ONE, vol. 16, no. 9, pp. 

1–46, 2021. 

[5] J. W. Taylor, “Exponential smoothing 

methods for load forecasting,” International 

Journal of Forecasting, vol. 37, no. 3, pp. 

1089–1105, 2021. 

[6] S. K. Pandey and A. K. Sharma, “Data 

validation and sampling techniques for 

electrical systems,” IEEE Access, vol. 10, pp. 

47211–47225, 2022. 

[7] N. Amjady and F. Keynia, “Load 

forecasting using time series decomposition 

and hybrid models,” IEEE Trans. Power Syst., 

vol. 36, no. 5, pp. 4115–4126, Sep. 2021. 

[8] P. S. Raghav, “Application of ANOVA and 

t-tests in electrical engineering experiments,” 

IEEE Trans. Education, vol. 65, no. 2, pp. 

234–243, May 2022. 

[9] A. N. Jindal, R. Singh, and P. Khurana, 

“Curve fitting and regression modeling for 

electrical data analysis,” Energy and 

Buildings, vol. 254, pp. 111536, 2021. 

[10] M. Kuhn and K. Johnson, Applied 

Predictive Modeling, 2nd ed., New York, NY, 

USA: Springer, 2022. 

[11] M. J. Kishtawal and S. Desai, 

“Interpolation techniques for electrical and 

environmental datasets,” IEEE Geoscience 

and Remote Sensing Letters, vol. 19, pp. 1–5, 

2022. 

[12] R. Weron, “Electricity price forecasting: A 

review,” International Journal of Forecasting, 

vol. 37, no. 1, pp. 43–69, 2021. 

[13] M. Zhai, Q. Zhang, and Z. Wang, 

“Kalman filtering applications in power 

systems: A survey,” IEEE Trans. Power Syst., 

vol. 37, no. 3, pp. 2124–2135, May 2022. 

[14] E. Taghizadeh and A. Ghasemi, “Time 

series smoothing and noise reduction in 



IJDIM, 2025, 4 (4), 460–464 | 464 International Journal of Data Science and IoT Management System 

International Journal of 

 DATA SCIENCE AND IOT MANAGEMENT SYSTEM 
                                ISSN: 3068-272X                                                          www.ijdim.com                                                Original Research Paper 

 

electrical measurements,” Measurement, vol. 

185, 110076, 2021. 

[15] L. Y. Chen and H. B. Gooi, “A review of 

data preprocessing for load forecasting,” 

Renewable and Sustainable Energy Reviews, 

vol. 149, 111355, 2021. 

[16] K. Zhang, J. Yang, and H. Sun, “AI and 

deep learning approaches for short-term 

electrical load forecasting,” IEEE Access, vol. 

11, pp. 12876–12890, 2023. 

[17] S. R. Alavandar and M. M. Aref, 

“Statistical software usage (SPSS, SigmaStat) 

in engineering data analysis,” IEEE Trans. 

Professional Communication, vol. 64, no. 4, 

pp. 455–470, Dec. 2021. 

[18] A. F. Atiya, “Comparative analysis of 

time series forecasting techniques for smart 

grids,” IEEE Trans. Neural Networks and 

Learning Systems, vol. 34, no. 2, pp. 613–626, 

Feb. 2023. 

[19] V. Chandrasekaran and T. Nagarajan, 

“Sampling and real-time data acquisition in 

electrical systems,” IEEE Sensors Journal, 

vol. 22, no. 8, pp. 7651–7661, Apr. 2022. 

[20] S. P. Chowdhury, P. Crossley, and S. 

Chowdhury, Microgrids and Load Forecasting 

for Smart Grids, London, U.K.: IET Press, 

2021. 


