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Accurate forecasting of an electric load is vital in the effective management of
a power system, especially in flourishing regions. A new hybrid model called
logarithmic spiral firefly algorithm-support vector regression (LS-FA-SVR) is
proposed to promote the performance of electric load forecasting. The new
hybrid model is acquired by combining the support vector regression, firefly
algorithm, and logarithmic spiral. Half-hourly electric load from five main
regions (NSW, QLD, SA, TAS, and VIC) of Australia are used to train and test
the proposed model. By comparing the model results with observed data on
the basis of the root mean squared error (RMSE), mean absolute error (MAE),
and mean absolute percent error (MAPE), the performance of the proposed
hybrid model is the most outstanding among all the considered benchmark
models. Hence, the results of this study show that the hybrid model LS-FA-SVR
is preferable and can be applied successfully because of its high accuracy.

KEYWORDS

electric load, time series forecasting, firefly algorithm, support vector regression, logarithmic
spiral, management of power system

1 Introduction

Asan integrated system that can optimize the allocation of energy resources according
to the regional energy structure and energy reserves, an integrated energy system has
become an important way to accelerate the global sustainable energy transformation.
Accurate load forecasting not only plays a decisive role in the comprehensive planning,
operation, management and cascade use of energy system but is also a key technology to
promote the development of the energy market (Wang et al., 2018; Chen and Wang, 2021;
Yang et al., 2022¢). Hence, technology for the smart and efficient management of grid
uncertainty has attracted research interest. In particular, load forecasting is a core factor of
smart grid applications, such as demand response, as it can accurately predict the demand
flexibility and potential problems in a grid. In addition, load forecasting can contribute
to the efficient integration and wide allocation of distributed energy resources and their
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coordination to accommodate and demand

supply
(Kaur et al., 2016). Therefore, the prediction of the short-term
load has become the chief task in power dispatching and power
planning (Wu et al., 2021; Yang et al., 2022d).

However, high accuracy in predicting a short-term load
is difficult to obtain because the electric load time series is
complex and shows vacillating behavior with many variables
considered. In order to deal with this problem, regression
models, stochastic process models, and exponential smoothing
are employed to forecast the electric load in traditional methods
(Zhang et al., 2021, 2022b,a). However, the traditional methods
scarcely acquire the complexity of the system. Hence, artificial
intelligence approaches are extensively used to predict the power
load, such as artificial neural networks, support vector machines,
and nature-inspired meta-heuristic algorithms.

Among all the data mining techniques based on artificial
intelligence, artificial neural networks have become hot
techniques in the research of forecasting electric load.
Yang et al. (2022a) developed a highly accurate short-term
load forecasting method using non-linear auto-regressive
artificial neural networks with exogenous multi-variable input.
Yang et al. (2022b) presented a novel approach for short-
term electrical load forecasting by the radial basis function
neural networks, and the result showed that the application of
neural networks in short-term load forecasting is encouraging.
Wang et al. (2016) proposed an outstanding model based on a
wavelet neural network to address the complex nonlinearities
and uncertainties in forecasting the electric load, and the
accuracy of the proposed model is better than the considered
models. Yang etal. (2021b) proposed a new hybrid model to
forecast electric load series with outliers, which is based on
a robust extreme learning machine and an improved whale
optimization algorithm. Anetal (2013) presented a novel
approach based on a feed-forward neural network to predict the
electricity demand with high accuracy and demonstrated that the
proposed model improved the forecasting accuracy noticeably.
Yang et al. (2021a) applied the radial basis function neural
network (RBFNN) to generate accurate predictions for nonlinear
time series. In recent years, with the development of the deep
learning theory and hardware equipment, the technology based
on deep learning is widely used in power load forecasting.
Kong etal. (2017) established a forecasting framework based
on LSTM for residential load forecasting. In particular, the
recurrent neural network (RNN) and its variants (long short-
term memory (LSTM) and gated recurrent unit (GRU)) have
been widely used because of their outstanding ability to deal
with time series. Feng developed a two-step short-term load
forecasting (STLF) model which designed a Q-learning-based
dynamic model selection. This model can provide reinforced
deterministic and probabilistic load forecasts (DLFs and PLFs)
(Feng et al,, 2019). Afrasiabi et al. (2020) proposed a model
for conditional probability density forecasting of residential
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loads based on an end-to-end composite model comprising
convolution neural networks (CNNs) and a gated recurrent unit
(GRU).

Although neural networks and deep learning methods
have been widely used in load forecasting, it should not
be ignored that they usually fall into the local minimum
because of the restriction on generalization ability which barely
makes full use of information from selecting the sample
(Cuietal, 2021). Fortunately, the support vector machine
developed by Vapnik (1999), one of the outstanding data
mining techniques, can overcome this problem and improve
the accuracy of prediction. Because of the excellence of the
characteristics, the support vector machine has become one
of the popular methods in forecasting the short-term electric
load. Stojanovi¢ et al. (2013) used least square support vector
regression (LSSVR) based on historical daily load demands
in combination with the calendar and climate features for
forecasting the half-hourly load demand of the next day.
Chen etal. (2017) established a new support vector regression
(SVR) forecasting model with the ambient temperature of
2 hours before the demand response event as input variables, and
the result showed the model offered a higher degree of prediction
accuracy and stability in short-term load forecasting.

The SVR has been proved to be an excellent model
for load demand forecasting. However, the SVR can be
improved in many aspects actually; the parameters of the
support vector machine play an important role in the accuracy
of prediction and are a core part in improving the SVR
(Kisi et al., 2015; Najafzadeh et al., 2016). Various optimization
algorithms have been used for the selection of these parameters
like the grid search algorithm and gradient descent algorithm
(Kisietal, 2015). Computational complexity seems to be the
main disadvantage of the grid method, which restricts its
applicability to simple cases. The grid search algorithm is also
prone to local minima.

Among the methods of optimizing parameters by using data
mining technology, a classic way of optimizing parameters of
the SVR is meta-heuristic optimization algorithms. At present,
with the development of optimizers, meta-heuristic optimization
algorithms are increasingly popular in selecting the optimal
parameter value because the algorithms can bypass local optima
and are easy to implement (Mirjalili and Lewis, 2016).

The idea of meta-heuristic algorithms comes from the
behavior of animal or physical phenomena. In addition, the
algorithms can be grouped into three main categories (Figure 1).
The process of searching for an optimal parameter can be
divided into two phases: exploration and exploitation (Olorunda
and Engelbrecht, 2008). More specifically, the exploration
phase is targeted to investigate the search space globally, and
the exploitation phase is employed to search for the best
results by following the exploration phase. Therefore, meta-
heuristic optimization algorithms are widely utilized to find the
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FIGURE 1
Classification of meta-heuristic algorithms.

parameters of support vector regression for short-term electric
loads. Pengetal. (2016) presented a support vector regression
model hybridized with the quantum particle swarm optimization
algorithm for electric load forecasting, and the results showed
the proposed model can simultaneously provide forecasting
with good accuracy. Hong (2011) proposed an electric load
forecasting model which combines the support vector regression
model with the chaotic artificial bee colony algorithm to
improve the forecasting performance, and the forecasting
results indicated the hybrid model was a promising alternative
for electric load forecasting. Xiao et al. (2017) employed the
multi-objective flower pollination algorithm to optimize the
parameters of support vector regression for short-term load
forecasting, and the experimental results clearly showed
that both the accuracy and stability of the proposed model
were superior to those of the single models. Yan etal. (2012)
proposed an innovative hybrid model comprising the least
square support vector machine and chaos optimization,
obtaining the optimal parameters for short-term electric
load forecasting. For short-term load forecasting, Zhang and
Guo (2019) proposed a hybrid method-based support vector
regression (SVR) with meteorological factors and electricity
price. This model is optimized by an improved adaptive genetic
algorithm (TAGA), which is an improved method of the GA
(Najafzadeh et al., 2018).

To prevent the optimization algorithm from falling into the
local minimum and make it search parameters over a wide
range to expand detection probability in the early period, the
current study applies an optimization algorithm which is the
firefly algorithm improved by a logarithmic spiral (LS-FA). This
algorithm can increase the search efficiency in the late period.
Hence, it shows good performance to prevent the operation from
falling into local optima and to ensure convergence for searching
the parameters of the SVR.

Considering the advantages of the LS-FA and SVR, we
combined the LS-FA and SVR and then proposed a novel short-
term electric load predictive model for the goal of generating
accurate electric load predictions. In this model, better model
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parameters are obtained by the FA improved by a logarithmic
spiral. We intend to apply the proposed approach in this study
to real electric load forecasting tasks to verify the ability of the
proposed model. Therefore, the proposed algorithm is compared
to existing approaches which use the SVR improved by FA, LR-
FA (Yang, 2010a), WOA (Mirjalili and Lewis, 2016), and DA
(Mirjalili, 2016) to demonstrate the optimization performance of
the LS-FA. The experimental results prove that the LS-FA-SVR
can achieve better forecasting performance, which demonstrates
that the LS-FA optimization algorithm can optimize better
parameters for the SVR.

The main contributions of this study can be summarized as
follows:

1) From the perspective of parameter optimization, we
introduced the Lévy-flight firefly algorithm (LF-FA) and the
logarithmic spiral firefly algorithm (LS-FA) to enhance the
searching ability of exploring the global space and exploiting
the local space. Specifically, the LS-FA can obtain a great
trade-off between the exploration and exploitation ability of
the FA.

Since the LS-FA can improve the poor convergence of the
LF-FA, we combined the introduced LS-FA and SVR into a
novel hybrid model which is denoted as LS-FA-SVR for the
tasks of generating accurate electric load tasks. We applied

2)

the proposed model to five real electric load time series in
Australia, and the experiments proved that the LS-FA can
optimize better parameters for the SVR model, and the LS-FA-
SVR can generate more accurate electric load predictions.

This study is organized as follows. In Section 2, the support
vector regression (SVR), firefly algorithm (FA), Lévy-flight firefly
algorithm (LF-FA), logarithmic spiral firefly algorithm (LS-FA),
and the establishment of the new model are detailed; Section 3
introduces the dataset of the experiment, the evaluation criteria
of the model, the results of the proposed model, and the
comparative performance of all the considered models. Section 4
summarizes the proposed model and makes corresponding
conclusions. Moreover, future work is also given in this section.
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2 Methodology formulation
2.1 Support vector regression

Support vector regression (SVR), one of the greatest data
learning tools, is developed by Boser etal. (1992). Compared
with other data mining techniques, SVR obtains minimal upper
bound generalization error by the principle of the statistical
machine learning process and structural risk minimization
(Che et al,, 2012). According to the theory proposed by Vapnik,
given a training dataset v ={(x;,y;)|i=1,2,...,5x; € R,;y; € R};
here, x, is the #n dimensional input vector, y, represents the target
value, and [ stands for the number of samples in the training
dataset. SVR can be solved by estimating the linear regression
as follows:

1
Minimize 3w +C L(5+E)
= w, (%)) —b<e+§
Subjectto y (w, ¢ (x;)> +b—y, <e+&
&€ 20,(i=1,2,...,0),

(1)

where w is the weight vector, b is a scale quantity, C represents
the regularization constant, and ¢ is the insensitive loss function.
Moreover, the slack variables &; and &, represent the upper and
lower excess deviation, respectively (Figure 2).

Formula 1 can be solved by the Lagrangian multipliers, and
the nonlinear regression can be obtained as follows:

!
f) =) (B =) k(xpx) +b, @)
i=1
where B; and B; are the Lagrangian multipliers.

It must be noticed that k(x;,x) is called the kernel function
which converts a nonlinear problem in input space to a linear
problem in feature space. Moreover, the selection of kernel
functions is discussed in Section 3.4.

10.3389/fenrg.2022.977854

2.2 Firefly algorithm

The firefly algorithm is proposed by Yang in 2008, and it is
based on the idealized behavior of the flashing characteristics of
fireflies (Yang, 2010b). For simplicity in describing the FA, the
following three rules are idealized (Yang, 2009):

1) All fireflies are unisex so that one firefly will be attracted to
other fireflies regardless of their sex.
2

~

Attractiveness is proportional to their brightness, so for any
two flashing fireflies, the less bright one will move toward
the brighter one. The attractiveness is proportional to the
brightness, and they both decrease as their distance increases.
If there is no brighter one than a particular firefly, it will fly
randomly.

3

=

The brightness of a firefly is affected or determined by the
landscape of the objective function to be optimized.

In general, the brightness can simply be proportional
to the objective function when dealing with the maximum
problem. In contrast, when dealing with the minimum problem,
some techniques are employed to convert the minimum
problem into a maximization problem. Based on what is
mentioned previously, the pseudo-code of the FA is shown in
Figure 3.

In the FA, there are two issues: the variation of light intensity
and the formulation of attractiveness. Generally speaking, the
attractiveness of a firefly is determined by its brightness or light
intensity which is associated with the objective function. The
brightness I of a firefly at location x can be shown as I(x) o< f(x).
But the attractiveness 5 can be seen in the eyes of the beholder
or judged by other fireflies (Kavousi-Fard et al., 2014). Moreover,
the light intensity decreases with the distance from its source, and
light is absorbed in the media. Hence, attractiveness is allowed
to vary with the degree of absorption. Hence, the light intensity
I(r) can be obtained on the inverse square law and absorption as

Input space

FIGURE 2
Transformation process illustration of the SVR.
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FA

Objective function f(x), x=(x1, X2, ..., Xa)T

Initialize a population of fireflies x: (i=1, 2, ..., n)

Define light absorption coefficient Y’

while (t<MaxGeneration)

for i=1:n all n fireflies
for j=1:i all n fireflies
Light intensity [ at xi is determined by f(x:)
if (I>L)
Move firefly i towards j in all d dimensions
end if
Attractiveness varies with distance r via exp[- Y]
Evaluate new solutions and update light intensity
end for j
end for i

Rank the fireflies and find the current best

end while

Output results and visualization

FIGURE 3

Pseudo-code of the FA.

follows:

1(r) :Io-e"y’l, (3)

where I, and y stand for the original light intensity and
light absorption coeflicient, respectively. Here, the definition of
attractiveness f3 can be expressed by

B(r) =Py, (4)

where 3, is the attractiveness at 7 = 0.
Then, the Cartesian distance is employed to calculate the
distance between any two fireflies i and j at x; and x; as follows:

(5)

where x; , is the pth component of the spatial coordinate x; of ith
firefly.

Finally, the position of firefly i which is attracted to the
brighter firefly j at £+ 1 time can be expressed by
(6)

Xigp1 =X+ By e (xj - xi) +a(rand-0.5),
where rand is a random number in [0,1], and « is the parameter
in [0,1].

2.3 Lévy-flight firefly algorithm
The Lévy-flight firefly algorithm (LF-FA) is proposed by

Yang (2010a) to enhance the ability of exploring the global space
and exploiting the local space. Specifically, this algorithm can
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obtain a great trade-off between the exploration and exploitation
ability of the FA. Hence, the LF-FA is utilized to update the
position next time as follows (Yang and Deb, 2009; Kaveh and
Khayatazad, 2012):

Xip1 =%+ By ¢ (xj - xi) + o sign[rand —0.5] @ Levy, (7)

where « is the randomization parameter, and @ is the dot product.
rand is a random number in [0,1], and sign[rand — 0.5] provides
a random direction while the random step length is drawn from
the Lévy flights. It is required to explain formula 7 combining «
and sign[rand — 0.5] & Levy which can make a firefly walk more
randomly (Mirjalili et al., 2014). In other words, the LF-FA can
jump out of the local optimum and enhance the global search
capability of the FA.

The LF is one of the random walks, and its steps are decided
by the step length. Furthermore, jumps conforming to the Lévy
distribution can be shown as follows (Walster et al., 1985):

Levy(m~u=t""(0<n<2), (8)
and the Lévy random number is calculated by
pxu
Levy(n) Ivll/”’ 9)

where v and ¢ conform to the standard normal distributions. ¢
can be calculated as follows:
[ (1+7)xsin(zxn/2) 17

= , 10
T((1+7)/2) xgx 202 (1o

where I' stands for the standard gamma function and # = 1.5.
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LS— FA for parameters
determination of
SVR model
Optimization starts
No
Yes

FIGURE 4
Flow of the LS-FA-SVR model for electric load forecasting.

2.4 Logarithmic spiral firefly algorithm

In the section, because of the poor convergence of the
LF-FA, the logarithmic spiral is introduced in this study to
balance the abilities of exploration and exploitation (Mirjalili and
Lewis, 2016). The logarithmic spiral is selected to improve the
performance of the FA. Considering formula 6, we propose a
modified formula as follows:

Xip1 =%+ By e (xj - xi) cos(2nt) + a(rand —0.5), (11)

in which ¢ is a random number from-1 to 1.

In Section 3.1, some experiments would be carried out to
assess the performance of the LS-FA by comparing it with some
optimizers based on the FA.

Frontiers in Energy Research

2.5 Hybrid model LS-FA-SVR

In this section, the proposed hybrid model LS-FA-SVR will
be introduced in detail, and the flow of this proposed model is
shown in Figure 4.

1) Input train data set;

2) initialization parameters;

3) initialization population;

4) preliminary calculations;

5) optimization starts;

6) update the position and calculate the fitness;
7) optimization stops;

8) SVR model obtained; and

9) output result of the test dataset.

Above all, the innovative hybrid model LS-FA-SVR can be
obtained.

frontiersin.org
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3 Empirical study
3.1 Performance of the LS-FA

This section aims to test the performance of the optimization
by the proposed modified algorithm LS-FA through some
classical unimodal benchmark functions. The structure of the
four benchmarks considered in this experiment is as follows
(Mirjalili and Lewis, 2016):

1

F1:f| :inz, (12)
i-1

F2:f, =max{lx|,1<i<l}, (13)
! I

F3:fy=) Il + x, (14)
i=1 =
1

F4:f4:Zi-x?+mndom[0,l), (15)

i=1

where the value of the dimension in this experiment is 20. To
compare the LS-FA with the FA and LF-FA, all the numbers of

TABLE 1 Performance of FA, LF-FA, and LS-FA.

10.3389/fenrg.2022.977854

fireflies are set at the same value (10), and the values of alpha and

gamma are 0.25 and 1, respectively.

To perform the result of the proposed method LS-FA,
minimum (Min), maximum (Max), and standard deviation
(Std) are selected to measure the errors of the optimizer. After
implementing the FA, LF-FA, and LS-FA using Matlab 2014(b),
every algorithm has been run 30 times to get the average error for
each method. Table 1 shows the results with the optimization.

Multiple studies have shown that the modified algorithm
LS-FA has the best predictive results among the other two
algorithms (FA and LF-FA) by searching the minimum of four
benchmark functions. To be specific, the maximum of the LS-
FA is smaller than that of the FA and LF-FA. The minimum
of the LS-FA is relatively small among all the three methods.
Moreover, the LS-FA has the smallest standard deviation, and it
means the performance has the best stabilization. In addition,
Figure 5 presents the trace of optimization by calculating the
mean of errors for the four benchmark functions. The LS-FA
has outstanding performance for searching the minimum of the

Criterion F1 F2 F3 F4
FA LF-FA LS-FA FA LF-FA LS-FA FA LF-FA LS-FA FA LF-FA LS-FA
Max?® 5.34 6.65 4.87 1.24 1.26 1.10 8.82 8.52 8.05 59.87 41.35 35.41
Minb 1.50 2.16 1.68 0.80 0.70 0.68 4.58 4.66 3.69 4.73 5.90 3.49
Std© 1.10 1.17 0.72 0.12 0.16 0.10 1.32 0.99 0.81 13.91 9.75 8.40
*Min is the minimum.
YMax is the maximum.
Std is the standard deviation.
A B 2
o 20 e 2
= = .
© ©
> 15 >
g 15
=10 =
& > 1
8 5 ]
> >
< <
0 . : : + 05 . . . N
0 10 20 30 40 50 60 0 10 20 30 40 50 60
c Iler%tion D herafl;on
. 20 400
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= N - LF-FFA 23001y mmee- LF-FFA
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= £ 200
L o
g =
g § 100
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5 . . . . . 0 . : : : :
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Iteration lteration
FIGURE 5
Trace of fitness for FA, LF-FA, and LS-FA.
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four functions. Specifically, the speed of the LS-FA is faster than
that of the FA and LF-FA. Moreover, the average error for all
four models by the LS-FA is significantly smaller than that by
other algorithms. In short, through these studies, it can be proved
that the proposed algorithm LS-FA has a better performance of
optimization. In other words, the logarithmic spiral can improve
the performance of the FA by boosting the ability to balance
exploration and exploitation. Hence, this modified optimizer is
chosen to search for suitable parameters of SVR in the study.

3.2 Data description

To verify the effectiveness of the proposed model, the datasets
of electric load from 1 January 2018 to 1 February 2018 in
NSW, QLD, SA, TAS, and VIC are used as the experimental data
(Table 2 and Figure 6). The datasets of the electric load (MW) are
retrieved from the website of energy security for all Australians
(http://www.aemo.com.au/). The sample data used in this study
are half-hourly electric load, and the total number of these five
regions is 1,488. In this study, each dataset was divided into
two sets: the training dataset including 960 data points (from
2018/1/1 0:30 to 2018/1/21 0:00) and the remaining as the test
dataset (from 2018/1/21 0:30 to 2018/2/1 0:00).

10.3389/fenrg.2022.977854

3.3 Evaluation criteria

Because there is no confirmed universal standard method,
this study adapts multiple error criteria to evaluate the
effectiveness of the proposed hybrid model: the mean absolute
error (MAE), root mean square error (RMSE), and mean
absolute percent error (MAPE). The MAE, RMSE, and
MAPE are applied to quantify the forecast error, and the
performance of the model is reliable when their value is close to
zero.

These three criteria are calculated as follows:

N
1 .

MAE =23 1y, =7l (16)

i=1
17)

1w Vi

MAPE:NZI L 1% 100%, (18)

i=1 i

where y; is the observed value, j, is the predicted value to y;, and
N is the number of samples.

A 1300
11500
3
-
S b
o 7500
]
3500
B 30 I
é 2375 5 -
g 1750 : .
o . g Y " 3 .
zi: 125 ¥ LAY\ NI NTEN N N ~\“~:i';,;;\i,i~. oy
! - 1
5000 500 1000 1500
time (15min)
FIGURE 6
Datasets of all five regions.
TABLE 2 Statistical properties for each dataset.
Region Training set Test set
NSwW QLD SA TAS VIC NSw QLD SA TAS VIC
N 960 960 960 960 960 528 528 528 528 528
Mean 8115.3 6720.3 1375.8 1102.9 4987.3 8818.6 6937.8 1503.0 1085.7 5578.9
Std 1350.0 873.1 417.8 70.3 1095.6 1493.2 905.8 357.5 86.3 1156.5
Min 5910.1 5258.4 653.2 950.8 3449.8 6197.6 5359.5 894.2 865.2 3683.1
Max 12230.6 8670.0 2879.9 1263.8 8999.2 12494.6 9020.4 2609.9 1256.5 9085.2
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FIGURE 7
Predictive results of the SVR with different kernel functions.
TABLE 3 Performance of the SVR with different kernel functions based on MAPE, MAE, and RMSE.
Criterion Linear Polynomial rbf Sigmoid
MAPE MAE RMSE MAPE MAE RMSE MAPE MAE RMSE MAPE MAE RMSE
NSwW 1.13 99.08 123.22 8.58 786.68 964.58 1.38 122.32 155.59 61.88 5462.42 6533.04
QLD 1.04 73.10 91.57 4.41 312.24 401.27 1.27 88.97 113.14 38.79 2638.53 3916.17
SA 3.38 48.78 59.70 11.00 182.03 256.63 3.75 54.11 64.30 62.73 941.26 1154.82
TAS 1.38 14.85 20.99 5.04 51.30 99.96 1.70 17.78 25.19 24.34 242.74 612.28
VIC 2.07 112.63 137.15 9.28 565.44 763.20 2.28 124.07 151.53 91.87 5327.46 7083.36

3.4 Selection of the kernel function

In this section, the selection of the kernel function in the
SVR for electric load forecasting is discussed, and the data of five
regions in Australia are applied to search for the fittest choice
of the kernel function. First, four main kernel functions are
provided when the model is established by SVR, and they are
shown as follows:

Linear: K (x,x;) = x"x;,
Polynomial : K (x,x;) = (yxTxi + r)P, y>0
Rbf: K (x,x;) = exp (—yllx - x;[1%),
Sigmoid: K (x,x;) = tanh (yx"x; + ).

y>0 (19)

Second, in order to find the best kernel function for
forecasting electric load, we selected the last twelve half-
hour load data (x,_12,%,_11>X,_10>--->Xp_2-X,_1) as the input
variables of SVR with different kernel functions, and the output
variable is x,. At last, the best kernel function can be selected
from the four kernel functions based on the performance of
prediction. The experiment is performed, and the results of
forecasting electric load based on different kernel functions

are shown in Figure 7. It is obvious that the sigmoid kernel
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function has the worst performance, and the accuracy of
the polynomial is just higher than it. In addition, the SVR
based on the rbf kernel function and linear kernel function
has better predictive results since it approaches the original
data.

In order to show the performances clearly, the three criteria
(MAPE, MAE, and RMSE) of errors are calculated, and the
results are shown in Table 3. The MAPE, MAE, and RMSE of
the liner kernel function have the smallest values in all five
regions. It must be noted that the rbf kernel function is just
slightly poorer than the linear one. Moreover, it can be found
that the polynomial and sigmoid functions are not suitable
for electric load forecasting with larger errors. Based on this
research, the linear is chosen as the kernel function of SVR in the
study.

3.5 Process of LS-FA-SVR

In Section 2.5, the hybrid model LS-FA-SVR is established
for short-term load forecasting. Here, the bandwidth of liner

frontiersin.org


https://doi.org/10.3389/fenrg.2022.977854
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#articles

10.3389/fenrg.2022.977854

Zhang et al.

79601 Pse'68 0ee'l €6€°01 68¢'T1 S60'T L6€'TS 80L°TY LSLT €TV'SL 6565 0520 T1T°CIT 8T¢'16 7560 NVIN
S8%°601 0€€'68 T1¢T SLV01 99T 11 890°T SOE'TS 8Ty 808°C 69%'SL 17865 8180 VA4 SIE'l6 1260 0¢
095°60T 1€¢'68 40! 6L£°0T P8C'TIT 790'T SEV'IS 868'TY 6SL'C 68¢°SL £89'6S 008°0 860°CIT 61T’ 16 8¢0'T 6T
875601 LLE'68 9er'1 69701 LICTT L60'T S8¢'IS S69'CY 818'C 11¥'sL 685°6S 9190 S0ECIT c€Iv'ie 1780 8¢
$89°601 L9€°68 €It 6CF°01 (40! 1Tt 90¥°'1S 89Ty LELT LYY'SL 78865 90 £80°CIT 8¥CT'16 010°T LT
§99'601 11768 Tee't 98¢°01 16¢°TT ¥€6°0 PSS €69'TY vILT 6¥¥'SL LT8'6S ¥98°0 €8Tl sele 066'0 9T
8647601 LSE'68 9TVl 0s°01 S6¢'11 S80°T 08¥'1S 1eLey TL8T 1Le°GL 6VL'6S 9990 90Tl (YA 6760 ST
209'601 16¢°68 90¢€'T LEV'OT €99°TT 170°T 9T¢e'1S 868'TY 68L'C 115°6L £76'6S ¥78°0 cLrent 18716 S96'0 ¥C
095°601 L8€E'68 8¥T'1 L8TO01 P6c'1l VLO'T vev'is L19'TY 0LLT SLE'SL 609'6S €L9°0 290CIT 98T’ 16 8¥6°0 €T
76£°601 LET'68 16T'1 01¥°01 19¢°T1T It 91S'1S §95°Cy v0L'C SSY'SL Y1L'6S 7960 Il 0¥’ 16 6¥0'T (44
€79'601 768 91IT'T 0I¥'01 0L¥' 1T 1t €STIS VLLTY 069'C 69%'SL 8€L'6S S08°0 €00°CIT 9sT'16 L86'0 1c
859°601 LSS'68 P0¢'T 8T¥01 L9¢'TT 0201 S8¥'IS €08'Cy €8L°C 9S¥'SL LEL'6S 8101 cereat S0T'T6 9L0'T 0T
8TL'601 €068 €SPl 1ccor1 687’11 0€T'T L9€'TS ovL'Ty 114C 66€°SL 69L'6S 8LL°0 et wete €060 61
07s'601 Psy'68 LST'T Por°01 89T 11 SL6'0 8¥V'1S 08s'Cy €59'C 96¥'SL G8L'6S LIS0 00rert 11€°T6 9€6'0 81
L¥9°601 6L£°68 S6¢€'T SO¥°0T 6C¢'TIT (4301 VLTTS 869°CY 8€6'C 0F%'SL G78'6S SIL0 0T0CIT L6€'16 10T°T L1
159601 677'68 €6T'1 S0l STETl o't veeis S69'TY 98L'C 0I¥'SL 618'6S Lo 9sI'CIl 98T’ 16 0S6'0 91
799°601 ¥9¢'68 L6T'T L1€°0T L9€°TT cel't ¥6¢'1S 89Ty SLLT 0L¥'SL 1265 LSL°0 601°CIT €116 126°0 ST
989601 687°68 LT Yy ol [44/a! 690'T 69¢'1S WS €89'C SLTSL 09°'6S 688°0 8ITCIT 0LE'16 920’1 4!
$89°601 €LE°68 0LTT 8240 9s¢'Tl €or't 69715 658°CY 608°C 86€°SL SSL'6S L08°0 oreit 8¥E'16 088°0 €l
785601 PS¥'68 LyE'T 89%°01 €CETL 80T'T syIs Ackad 16L°C 69¢°SL LTL'6S ¥8L°0 6L8'T11 €5T'T6 0L6°0 4!
L¥9'601 L0€'68 6¢'1 9LT01 J8 40! [\ 18T°1S 8TL'TY TeLe 6TV'SL 9€9'6S 890 6L0°CIT 1€€16 1€0°T 11
0457601 12e'68 j{Ua! 68¢°01 See'll 60T 69%'1S 989°Cy ¥S8L'T §9¢°6L S¥L'6S 80 8ITCIIT oT¥'16 S96°0 01
8%9'601 667°68 oc'1 jaad0 9sT'11 980°'T 16T°1S WLy 89T VLV'SL 81465 9890 LLOTIT 09%'16 S06°0 6
865°601 6LT°68 Y6T'1 1L¢°0T L9S'TT 690'T L8E'TS LEL'TY 118°C 80€°SL 1€8°6S 7590 0TIl wy'16 S06°0 8
L6601 087'68 06€°'T €97°01 18¢'TI 8IT'T 8S¥'1S YLty £L9L'C 0TH'SL €58'6S 9990 €ETTIT €9¢'16 0€8°0 L
L15°60T 9T¥'68 L9¢'1 80%°01 40! 190°T [t yssTy €69°C OV'SL 9TL'6S 6690 1L0°C11 08¢'16 156°0 9
£€8°60T S9¢'68 18C'1T 0€7°0T 4 ANl 8%0'T S8¢'TS Y0L'TY 91LC €TS'SL 8¢8'6S €6L°0 8€0CIT L9Y'16 $08°0 S
012’601 79¢'68 vl 8I€01 OF¥ 11 €v0'1 09¢'1S Yooty 8I1LC 88T'SL 19865 €L9°0 8L0°CIT L0€'16 7680 14
€9¥°601 687°68 8EV'L 0yot1 L8Y'TT 8eI'T 1L€°TS 10Ty (4344 1L8°SL 96L°6S 850 yerell 11C'16 8%0'T €
6¥9°601 PSE'68 el Yy ol 8¢C'TIT Iert 8LE'TS LS8'TY 689'C 0¥'SL 998'6S €5L°0 SE0TIT L6€'16 €€6°0 4
199601 °Ty68 €9¢'1 9s€01 06¢'TT 9IT'l 6S¥'1S €59y LLLT SO¥'SL €19'6S 6180 8LT°CIT LET'T6 9980 1
IS HVIN  ddVIN dSIWd  dVIN ddVIN  dSINd IV ddVIN dSIWd dVIN  ddVIN  dSIWNd dVIN  HdVIA

OIA SVL VS ato MSN  ‘oN umy

"JIA PUe ‘SYL ‘VS ‘10 ‘MSN Ul YAS-V4-S13U3 4O dduewloidd ¥ 319VL

frontiersin.org

10

Frontiers in Energy Research


https://doi.org/10.3389/fenrg.2022.977854
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#articles

Zhang et al.

10.3389/fenrg.2022.977854

A < 1250 . B 9500 - . . .
= NSW £ i A g aLp . . )
= A Ay i r r it 2 g0 F LI o N 4
S g000f ;‘7’3 3; \{ "@ § ‘5 £ ¢ ?"11’ :”ﬁ‘; f \f i S ms0r 4 ‘_,,,f',,‘ s "%‘" 2191\- i {ﬁ ,,’ﬁ’. ;“(z & ’gi (’j'[‘ / i
e okl 3 2 sl 0] ! {
A A A ﬁlf FRRVARVER VAR RV B U U (UAVATI VAN
2 5500 . : : : = 50005 155 250 375 500 528
0 125 250 375 500 528
time (30min) 1400 time (30min)
Cc g 2100 ,\S~A , . D g s
S oot 71 [ ; ] 2 10 ﬂok ll“‘\f"ﬂ\/!" 4""“\‘{ .Jﬂq, j\‘
o b/ vv\g, ¢ '*4 o ) Y, o ‘\, Yoo .A,‘ A\ 4 j
g NV VATIATAW BA A A 3 | Y8
< 900 - = L s . \
® 0 125 ‘25030 g3 500 528 ® 800, 125 250 375 500 528
t
E g 9500 ime (30mio) . original data time (30rmin)
s vie I, ——DASWR
S 6500f 4 i) n .»ﬁa,' { !“L _ —— LS-FFA-SVR
2 ] 7 { §
o i e Wil WANFIR N 4 —— WOA-SVR
% ol VWY Y VW N FFA-SVR
© 0 125 250 375 500 528
time (30min)
FIGURE 8
Results of the SVR with different optimizers.
TABLE 5 Performance of the LS-FA-SVR based on MAE, MAPE, and RMSE compared to other models.
Region DA-SVR WOA-SVR LS-FA-SVR FA-SVR
MAPE MAE RMSE MAPE MAE RMSE MAPE MAE RMSE MAPE MAE RMSE
NSW 1.089 95.816 119.326  1.089 95786  119.294  0.954 91.328  112.111 111 96.88 119.92
QLD 0.920 63.994  80.608 0.921 64.020  80.597 0.750 59.759  75.423 0.92 64.15 80.72
SA 3.379 48.791 59.686 3.376 48763 59.656 2.757 42708  51.397 3.41 49.12 60.13
TAS 1.376 20.961 14.797 1.376 14.796  20.964 1.095 11.389  10.393 1.38 13.93 14.49
VvIC 1.702 116.478  94.186 1.701 94.169 116498  1.330 89.354  109.622  1.70 94.26 116.60

To verify the proposed model LS-FA-SVR, we conducted a forecasting experiment with the same electric load in NSW, QLD, SA; TAS and VIC. The comparisons of electric load values
forecast using WOA-SVR, DA-SVR; FA-SVR, and the new proposed LS-FA-SVR are shown in Table 5 (Mirjalili and Lewis,2016; Mirjalili, 2016). It is clear that the new model

LS-FA-SVR has the lowest MAE, MAPE, and RMSE, among all four models.

kernel and the regularization parameter of SVR can be optimized
by the LS-FA. In this study, the numbers of fireflies, absorption
coefficient, and iteration of LS-FA are 15, 1, and 20, respectively.
Based on these, the prediction of short-term load in NSW, QLD,
VIC, SA and TAS can be obtained.

3.6 Empirical analysis

To avoid some accidental situations which would cause
unreliable conclusions, we conducted 30 runs for experiments in
five regions, and three error indicators are recorded in Table 4 in
each run.

Comparing the LS-FA-SVR with FA-SVR, the difference
between them is whether the logarithmic spiral has been
improved. It can be found that after introducing the logarithmic
spiral into the model, the MAE, MAPE, and RMSE in five
regions all decrease, which indicates that the LS is necessary
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for forecasting the electric load. Moreover, this study compared
LS-FA-SVR with two new optimizers which were developed
in 2016. The two benchmark models are DA-SVR and WOA-
SVR. Through the comparisons, the three error indicators have
decreased significantly. For example, the RMSE of THE LS-
FA-SVR in NSW is 112.111, yet the values of DA-SVR and
WOA-SVR are 119.326 and 119.294, respectively. The smaller
the values of MAE, MAPE, and RMSE, the better the model
will be. According to the aforementioned results, it is clear
that the proposed model LS-FA-SVR outperforms the three
benchmark models for five regions, and they are shown in
Figure 8.

We applied the LS-FA-SVR model to the forecasting
experiments for the five experimental datasets and stated the
results in Table 5. As the last row of this table shows, the
mean values of MAE, MAPE, and RMSE in NSW are 91.328,
0.954, and 112.111, respectively. Meanwhile, the mean values of
MAE, MAPE, and RMSE in QLD are 59.759, 0.750, and 75.423,
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respectively. Moreover, Figure 8 clearly shows that the model LS-
FA-SVR interprets the curves of the original electric load in NSW,
QLD, SA, SAT, and VIC, which indicates that the new model
gets a satisfactory performance and a high forecasting accuracy.
Comprehensively considering the results of MAE, MAPE, and
RMSE in NSW, QLD, SA, TAS, and VIC, it can be concluded that
the LS-FA-SVR model is the best overall, and its prediction is the
best.

4 Conclusion and future work

Accurate forecasting of the electric load can provide valuable
references for economic managers and electric power system
operators. The study proposed a hybrid model LS-FA-SVR for
improving the forecasting accuracy, where the parameters of
SVR are optimally determined by the optimization algorithm
LS-FA. This hybrid approach can search over a wide range to
expand the detection probability in the early period. It can
increase the search efficiency in the late period. Hence, the LS-
FA has a good performance to prevent the operation from falling
into local optima and to ensure the convergence for searching
the parameters of SVR. In addition, the empirical results show
that the MAE, MAPE, and RMSE values of LS-FA-SVR are all
modestly smaller than those of WOA-SVR, DA-SVR, and FA-
SVR. Compared with these other methods, the new method
has a strong ability to find the optimal solution, and the run
time is shorter. In other words, LS-FA-SVR is an attractive and
effective model which combines a novel optimization algorithm
to determine the parameters of SVR. In future work, several
research directions can be tried. More related variables can be
taken into consideration. One possibility is to apply other factors
which may influence electrical demand, such as the population
and GDP, to obtain more comprehensive results (Li et al., 2017).
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