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Electricity-related industries have changed organizationally. Its monopolistic structure is
competitive-like. This market's transactions are based on buyers and sellers' one- or more-day-old
proposals to buy and sell electricity. The purpose of this study was to examine the methods
proposed to enhance the performance of the support vector machine model and their application
to the process of predicting future electricity prices. A single attempt was made to estimate the
model's performance using a wavelet combination. In the electricity markets of Spain and Iraq,
which are real systems with readily accessible data, the proposed method was discussed and
investigated. The most significant aspect of this study is the application of and the support vector
machine training model to determine the optimal inputs while accounting for uncertainty. The
results showed that the price prediction ability of the proposed model is good in both Spanish and
Iragi system. MAPE, MAE, and RMSE values for the test phase are 2.22, 3.12, and 4.01, while
those for Iraqi market system and the training phase are 2.76, 3.71, and 4.32.
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1. Introduction

In recent years, there has been a shift in the organizational structure of industries that deal
with electricity [1]. Its monopolistic structure is more similar to that of a competitive one [2].
In this market, buyers and sellers submit proposals for the purchase and sale of electricity to
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the market one or more days in advance, and the transactions in the electricity market are
based on these proposals [3]. Under these conditions, electricity price forecasting is not only
essential for pricing but also plays an essential role in assisting operators of power plants in
determining the most effective method of resource utilization [4], [5]. A review of the studies
reveals that the presence of some unique characteristics in the electricity market, innovation,
and dramatic changes in the market have contributed to a significant increase in the amount
of prediction error [6]-[8].

The results of the comparison between the forecast made by ARIMA models and their
combination with wavelet show that the combination of ARIMA models and wavelet models
will improve forecast results while simultaneously reducing the amount of error in the
forecast [9]. The market reveals that the majority of production units use only one or two
power blocks for pricing in the market, and approximately 15% of them, in a strategic move,
identify part of their power blocks in the market. This information is pertinent to the
investigation of the relationship between the pricing pattern of production units and their
effect on price. In addition, a comparison of the total distribution of power blocks in terms of
price at various hours reveals that the pricing behavior of approximately one-third of the
production units contributing to the base load is either uneconomical or excessively cautious
[10]. According to the findings of a study on electricity market prices that was carried out
using the time series methodology and focused on the ARMAX-GARCH models, it was
discovered that these models have a high level of effectiveness in the field of risk
management [11]. Furthermore, the investigation of various kinds of ARMAX-GARCH
models based on their statistical properties and capacity to evaluate and estimate the time
series of electricity market prices demonstrates that these models are able to predict price
changes. This demonstrates that under the circumstances that currently exist in Iran's
electricity market, information asymmetry plays a lesser role, and standard GARCH models
are the best simulations currently available [12]. Cataldo et al. [13] have used the technique
of fast learning machine (ELM) and also have made use of wavelet transformation in
addition to a combination of neural network (ANN) and fuzzy logic in order to provide a
short-term forecast model of electricity prices in a market that is competitive. This was done
to provide a model that could predict the prices of electricity in the near future. The
combination of the proposed method with the wavelet technique in forecasting the price of
electricity markets in Ontario, New York, and Italy demonstrates that the proposed method is
among the most appropriate techniques for price forecasting [14]. The research that was
conducted to predict the daily cost of electricity with an enhanced neural network that was
based on it demonstrates the high capability of this algorithm in better prediction compared
to other methods using the wavelet transform and the chaotic method of gravitational search.
Both methods are based on the wavelet transform. Additionally, the results demonstrated that
the electoral algorithm is quite effective in sorting the data that were divided using wavelet
transform [15].

The goal of this study was to investigate the methods that have been presented to improve
the performance of the support vector machine model and their application in the process of
predicting future electricity prices. A single attempt to estimate the performance of the
model was made using a wavelet combination. The proposed method was discussed and
investigated in the electricity markets of Spain and Irag, which are real systems with readily
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available information. The use of an SVM training model to determine the best inputs
considering the uncertainty is the aspect of this study that stands out as the most significant.

2. Materials And Mehods

A combined wavelet transform method and SVM is used in this study with the motivation of
maximum performance prediction and the elimination of the shortcomings of the previous
methods. This method is used to reduce fluctuations in the input noise data and increase the
prediction accuracy based on a non-noise structure for training.

2.1 Support Vector System

SVM is one of the methods for supervised learning. SVM is a classifier within a branch of
Kernel Methods [16]. This was a successful application of machine learning. It is employed
for the classification, estimation, and estimation of the data fitting function. Therefore, the
classification of the data or fitting function is as error-free as possible [17]. This is a
relatively new method that has performed well in recent years compared to the method that
has been in use for several decades. Perceptron neural networks comprise the older
classification systems. Linear classification of data is the foundation of SVM classifier. In
the linear classification of the data, the line with the most reliable margin was selected. QP
methods, which are well-known methods for solving constrained problems, are used to solve
the equation to determine the optimal line for the data. Prior to linear division, a machine can
process data with a high degree of complexity. The phi function leads to a space with
significantly greater dimensions (high). Lagrange Duality Theorems are utilized to solve
problems with high dimensions. Therefore, instead of the complex phi function with high
dimensions, a simpler function, referred to as the multiplication of the phi function, is
utilized. Based on statistical learning theory, a SVM was developed by the Cortes and
Vapnik [18]. The objective of a SVM is to identify the function (f) x for the learning patterns
of the random algorithm x that has training values of y. In other words, the SVM is a model
that fits a curve of a certain thickness to the data so that experimental data errors are
minimized [19].

As an inner multiplication in high-dimensional space. This significantly reduced the number
of calculations required. The polynomial kernel and linear kernel, sigmoidal, and Gaussian
RBF are among the different kernel function types.

The Gaussian kernel has a single parameter, g. First, the default value of k (1/k number of
features) is applied to this parameter [20]. Subsequently, the values of 1/k and 1 were
evaluated. Regarding the convergence of the sigmoid kernel to the answer, we simply
assumed a constant value and used the order 1/ k2. It is noteworthy that the sigmoid kernel
has no parameters. The linear kernel also lacks these parameters. Therefore, only one
execution mode existed. The kernel of the polynomial has two parameters. where d is the
polynomial degree of z, which is the first parameter. Numbers 1, 2, 3, and 4 provide
solutions to these problems. In addition, -1, 0, and +1 are used for the second parameter,
which is a fixed number identified by r, and is a fixed number. The dual optimization
problem in a state that is nonseparable and nonlinear is as follows:
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The decision function corresponds to Eq. 3:
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2.2 Wavelet transform

The wavelet transform of the wavelet function has two important features: fluctuating and
short-lived. W(x) is a wavelet function if and only if its immediate transformation ¥(w)
satisfies the condition in Eq. 6 [21].

(TP (W)
Cg—j_oo —|00| do < o (4)

This condition is known as the wavelet-acceptance condition (x). This relationship is
equivalent to the following equation: In other words, Eq. 7 must be true for the wavelet to
satisfy the aforementioned condition [22]:
+00
Yx)dx =0 (5)

Based on this property of functions with zero mean, numerous functions are referred to as
wavelet functions. (x) is the mother wavelet function, and the functions used in the analysis
were altered in size and location along the studied signal using two mathematical operations:
translation and scale. The wavelet coefficients at each point of the signal (value b) and for
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each value of the scale can be calculated using Eq. 8 and 9 respectively [23], [24].

-b
W0 = =¥ (20), (6)
fGOW (2) dx = [ (0 Wap(x)dx. @)
The Eq. 8 can be used to convert scale to frequency.
F
Fa= ﬁ, (8)

where F, is the frequency corresponding to the scale of a, F¢is the fundamental frequency of
the wavelet function (also known as the wavelet's center frequency), and is the sampling
period. k represents the moment of a wavelet, and W (x) equals [25], [26]:

f_+:)o xXP(x)dx = 0. 9)
If the following relationship holds, then a wave possesses m Vanishing Moments.
77 x¥@(x)dx = 0k = 0,1,2,..,m — 1. (10)

Every wavelet function possesses at least one vanishing moment, as demonstrated by the Eqg.
11. The Discrete Wavelet Transform (DWT) is also utilized in signal analysis. Transfer and
scale parameters are selected discretely in DWT [23].

a=271pb=27k (12)

where j and k are real numbers. As a result, by replacing a and b, the Eq. 12 is obtained.
W (x) = 22%(2x — k), (12)

Taking into account the characteristic relation of a wave function, it can be determined that
there are numerous functions with these characteristics. Numerous wavelet functions with
various capabilities have been developed in recent years. After choosing the mother wavelet
function, wavelet coefficients can be calculated for any value (integer numbers and positive
decimals of scale a). Calculating wavelet coefficients for specific values of a is sufficient for
a variety of applications.

2.3 Model evaluation criteria

To compare the efficacy of model performance, criteria such as Mean Absolute Value of
Percentage Error (MAPE), Mean Absolute Value of Percentage Error (MAE) and the Root
Mean Square Error (RMSE) have been utilized. These metrics are related to the following,
where X; and Y; indicate actual and predicted parameter, respectively [27].

N
1
MAE = NZm -y (13)
i=1
15X — Y|
MAPE=—Z; 14
NS X (14)
1=
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N
1
RMSE = NZ(Xi —-Y,)2 (15)
i=1

3. Results And Discussion

Spain’s real market system was utilized to simulate and predict the price using the proposed
algorithm. The selection of this system is based on the veracity and accessibility of
information. To predict the price of the Spanish and Iraqi electricity market 100 days in
advance, information from the previous 100 days was collected. The observer matrix used to
train the data had 1200 members. This entry is a subgroup for Pi.1, Pr1s, Pr-24, Pi2s, Pras, Prgs,
and P; to predict the Pw.1. The objective matrix was arranged according to the threshold time
and input data to prepare the data for prediction. We used normalization to reduce the
differences between the data so that we could use them for training and prediction with fewer
fluctuations. In the following the results of application of the hybrid model on the electricity
price estimation are evaluate in Spanish and Iragi system.

3.1 Spanish System case study

Fig. 1 presents the contrast between the actual market price and predicted value generated by
the proposed model. The proposed model has been trained using 80% of the available data.
Fig. 1-a and 1-b depict the training and testing results of the model in comparison with the
actual results. A scatter plot of the results of the actual and model data from x =y line is
shown in Fig. 1-c. The price prediction ability of the proposed model is good in this system,
as indicated by the evaluation indicators in Table 1. Therefore, the values of evaluation
indices MAPE, MAE, and RMSE for the test phase are equal to 2.22, 3.12, and 4.01 whereas
the values of MAPE, MAE, and RMSE in this system, and in the training phase are equal to
2.76, 3.71, and 4.32.
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Fig. 1. The results of actual and W-SVM model for (a) train stage (b) test stage and (c) the
corresponding scatter diagram in Spanish market system 2008

3.2 Iragi market System case study

Figure 2 compares the theoretical value generated by the proposed model to the current
market price. Eighty percent of the data set was used to train the proposed model. Figures 1-
a and 1-b show how the model performed during training and testing compared to the true
results. Figure 1-c is a scatter plot depicting the differences between the actual and modeled
data along the x =y line. According to Table 1's evaluation indicators, the proposed model
does a decent job of predicting prices in this system. As a result, the values of the evaluation
indices MAPE, MAE, and RMSE during the test phase are respectively 2.59, 3.79, and 4.17,
while the values of MAPE, MAE, and RMSE in this setup, during the training phase are
equal to 2.92, 3.85 and 4.55.
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Fig. 2. The results of actual and W-SVM model for (a) train stage (b) test stage and (c) the
corresponding scatter diagram in Iragi market system 2018
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Table 1. Hybrid W-SVM model performance in Spanish and Iragi market system

Efficiency criteria
State Market System
MAPE | MAE RMSE
Train ) 2.22 3.12 4.01
Spanish
Test 2.76 3.71 4.32
Train ) 2.59 3.79 4.17
Iraqi
Test 2.92 3.85 4.55

4. Conclusions

As a result of the transformation of the electricity market from a state monopoly market to a
competitive market in which the price is determined by market forces, modeling and
forecasting the electricity price is completely risky, and due to the unpredictability of the
electricity price determined by the competitive market, it is of particular importance for
electricity market operators. It has been uncovered. To model and predict electricity prices in
a competitive market, it is necessary to consider the volatile price-causing characteristics of
this commaodity, such as its ability to be stored, low elasticity, seasonality of demand, and the
need for a continuous balance between supply and demand. This study aims to design and
implement a support vector machine model with a wavelet transform function to explain and
predict the short-term behavior of daily average cash prices in the Iraqi electricity market
and global markets. The simulation results demonstrate that this combined model is superior
to other available methods in terms of its predictive ability. In addition, the obtained results
demonstrate the success of the electoral model in sorting data partitioned by wavelet
transform. In addition, to overcome the irregular and nonlinear behavior of the input data,
based on the variation in frequency and amplitude, it was performed exceptionally well, as
evidenced by the graphs and tables.

References

1. C. Syverson, “Macroeconomics and Market Power: Context, Implications, and Open
Questions,” Journal of Economic Perspectives, vol. 33, no. 3, pp. 23-43, Aug. 2019, doi:
10.1257/jep.33.3.23.

2. G. Gouri, “Convergence of competition policy, competition law and public interest in
India,” Russian Journal of Economics, vol. 6, no. 3, pp. 277-293, Sep. 2020, doi:
10.32609/j.ruje.6.51303.

3. D. Shah and S. Chatterjee, “A comprehensive review on day-ahead electricity market and
important features of world’s major electric power exchanges,” International Transactions
on Electrical Energy Systems, vol. 30, no. 7, Jul. 2020, doi: 10.1002/2050-7038.12360.

4, X. Lu, K. Li, H. Xu, F. Wang, Z. Zhou, and Y. Zhang, “Fundamentals and business model
for resource aggregator of demand response in electricity markets,” Energy, vol. 204, p.
117885, Aug. 2020, doi: 10.1016/j.energy.2020.117885.

5. C. Chen, Y. Hu, M. Karuppiah, and P. M. Kumar, “Artificial intelligence on economic

Nanotechnology Perceptions Vol. 20 No.S2 (2024)



503 Ayad Abas Hasan et al. An Application of the Novel Hybrid Model....

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

evaluation of energy efficiency and renewable energy technologies,” Sustainable Energy
Technologies and  Assessments, vol. 47, p. 101358, Oct. 2021, doi:
10.1016/j.seta.2021.101358.

Jamalpour, H., & Yaghoobi-Derabi, J. (2022). Cultural memory and neuro-critical reading
of lan McEwan's atonement. Revista de Investigaciones Universidad del Quindio, 34(S2),
436-442.

Zarepour, G., & Javanshir, 1. (2021). Semi-Analytical Study of Fluid-Induced Nonlinear
Vibrations in Viscoelastic Beams with Standard Linear Solid Model Using Multiple Time
Scales Method. Amirkabir Journal of Mechanical Engineering, 53(10), 5105-5122.
Javanshir, 1., Javanshir, N., Barmaki, R., & Mahmoodi, M. (2015). Modeling of the fluid-
induced vibrations in sliding gate dams. Journal of Vibroengineering, 17(1), 478-486.

M. Abunofal, N. Poshiya, R. Qussous, and A. Weidlich, “Comparative Analysis of
Electricity Market Prices Based on Different Forecasting Methods,” in 2021 IEEE Madrid
PowerTech, Jun. 2021, pp. 1-6. doi: 10.1109/PowerTech46648.2021.9495034.

A. Ciarreta, M. P. Espinosa, and C. Pizarro-Irizar, “Pricing policies for efficient demand
side management in liberalized electricity markets,” Economic Modelling, vol. 121, p.
106215, Apr. 2023, doi: 10.1016/j.econmod.2023.106215.

M. Zolfaghari and B. Sahabi, “A hybrid approach to model and forecast the electricity
consumption by NeuroWavelet and ARIMAX-GARCH models,” Energy Efficiency, vol.
12, no. 8, pp. 2099-2122, Dec. 2019, doi: 10.1007/s12053-019-09800-3.

S. Mamipour, S. Yazdani, and E. Sepehri, “Examining the spillover effects of volatile oil
prices on Iran’s stock market using wavelet-based multivariate GARCH model,” Journal of
Economics and Finance, vol. 46, no. 4, pp. 785-801, Oct. 2022, doi: 10.1007/s12197-022-
09587-7.

J. P. S. Cataldao, H. M. 1. Pousinho, and V. M. F. Mendes, “Short-term electricity prices
forecasting in a competitive market by a hybrid intelligent approach,” Energy Conversion
and Management, wvol. 52, no. 2, pp. 1061-1065 Feb. 2011, doi:
10.1016/j.enconman.2010.08.035.

N. A. Shrivastava and B. K. Panigrahi, “A hybrid wavelet-ELM based short term price
forecasting for electricity markets,” International Journal of Electrical Power & Energy
Systems, vol. 55, pp. 41-50, Feb. 2014, doi: 10.1016/j.ijepes.2013.08.023.

Z. Chang, Y. Zhang, and W. Chen, “Electricity price prediction based on hybrid model of
adam optimized LSTM neural network and wavelet transform,” Energy, vol. 187, p.
115804, Nov. 2019, doi: 10.1016/j.energy.2019.07.134.

S. L. Wu et al., “Application of quantum machine learning using the quantum kernel
algorithm on high energy physics analysis at the LHC,” Physical Review Research, vol. 3,
no. 3, p. 033221, Sep. 2021, doi: 10.1103/PhysRevResearch.3.033221.

A. Beck and M. Kurz, “A perspective on machine learning methods in turbulence
modeling,” GAMM-Mitteilungen, vol. 44, no. 1, Mar. 2021, doi:
10.1002/gamm.202100002.

C. Cortes and V. Vapnik, “Support-Vector Networks,” Machine Learning, 1995, doi:
10.1023/A:1022627411411.

D. A. Pisner and D. M. Schnyer, “Support vector machine,” in Machine Learning, Elsevier,
2020, pp. 101-121. doi: 10.1016/B978-0-12-815739-8.00006-7.

T. Feng et al., “Total-Body Quantitative Parametric Imaging of Early Kinetics of 18 F-
FDG,” Journal of Nuclear Medicine, vol. 62, no. 5, pp. 738-744, May 2021, doi:
10.2967/jnumed.119.238113.

Subiono, J. Cahyono, D. Adzkiya, and B. Davvaz, “A cryptographic algorithm using
wavelet transforms over max-plus algebra,” Journal of King Saud University - Computer
and Information Sciences, vol. 34, no. 3, pp. 627-635 Mar. 2022, doi:

Nanotechnology Perceptions Vol. 20 No.S2 (2024)



An Application of the Novel Hybrid Model.... Ayad Abas Hasan et al. 504

22.

23.

24,

25.

26.

27.

10.1016/j.jksuci.2020.02.004.

V. Nourani, A. Molajou, A. D. Tajbakhsh, and H. Najafi, “A Wavelet Based Data Mining
Technique for Suspended Sediment Load Modeling,” Water Resources Management, vol.
33, no. 5, pp. 1769-1784, 2019, doi: 10.1007/s11269-019-02216-9.

V. Nourani, A. D. Tajbakhsh, and A. Molajou, “Data mining based on wavelet and decision
tree for rainfall-runoff simulation,” Hydrology Research, vol. 50, no. 1, pp. 75-84, Feb.
2019, doi: 10.2166/nh.2018.049.

Jamalpour, H., & Verma, A. (2022). Introduction to Psychoanalysis: A New Perspective on
Linguistics and Psychoanalysis, Vol. 1, Rose Publication PTY LTD, Melbourne, Australia.

Jamalpour, H., & Derabi, J. Y. (2023). Aesthetic Experience, Neurology and Cultural
Memory. Passagens: Revista Internacional de Histdria Politica e Cultura Juridica, vol. 5,
no. 2, pp. 340-348, https://doi.org/10.15175/1984-2503-202315208

V. Nourani, N. Rouzegari, A. Molajou, and A. Hosseini Baghanam, “An integrated
simulation-optimization framework to optimize the reservoir operation adapted to climate
change  scenarios,”  Journal of  Hydrology, vol. 587, 2020, doi:
10.1016/j.jhydrol.2020.125018.

D. Chicco, M. J. Warrens, and G. Jurman, “The coefficient of determination R-squared is
more informative than SMAPE, MAE, MAPE, MSE and RMSE in regression analysis
evaluation,” Peer] Computer Science, vol. 7, p. €623, Jul. 2021, doi: 10.7717/peerj-cs.623.

Nanotechnology Perceptions Vol. 20 No.S2 (2024)



