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Abstract: The steadily rising costs of energy is naught but wrought by man’s own doing; our over-reliance on precious, 
unrenewable fuel to power everything we use has led to a slow bleeding of a very finite resource pool. This paper proposes 
one such measure that utilizes the nascent Internet of Things framework in a lightweight system that is capable of 
manipulating and monitoring energy usage at a localized level, thus providing vital information that would aid in an optimal 
configuration of a building-wide energy dissemination system. In this work, an improved hybrid model based on the 
Autoregressive Integrated Moving Average (ARIMA) and Gaussian Sum Particle Filtering (GSPT) is proposed to predict 
energy usage. Observations with similar features can be grouped in the same cluster using clustering-based algorithm which 
is inspired by Imperialist Competitive Algorithm (ICA) and k-nearest neighbor (kNN) classification, which is referred to as 
ICA-kNN, and it is commonly used to reach optimum clustering N objects into K clusters. ICA-kNN algorithm is used to 
develop the hybrid model and optimize the ARIMA model parameters. The ICA process is not only able to immensely cut 
the computation load, but also to enhance the model performance. By combining the ARIMA and an optimized ICA-kNN 
algorithm, the GSPF accomplishes the best performance. Moreover, proposed model constructs an accurate tool to predict 
the global energy consumption issues which has not been encountered effectively so far.  
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I. INTRODUCTION 
 
It is perhaps interesting to note that while we are 
enjoying the full thrust of the rapid technological 
advancements and modernization of human life, we 
are most aware of the ever dwindling energy 
resources, quite possible lasting for only an extra 
estimated 250 years [1] or so, that are so vital in 
ensuring that we can maintain this particular status 
quo. Undeniably, the finite energy resources that we 
have in abundance today are not limitless, and sooner 
or later will we need to confront as well as employ 
some form of safety measures to guard against the 
dreaded eventuality of completely exhausting 
whatever we is that we use to power our technology. 
The impact of this is mostly felt when whatever 
limited resource we employ begins to command a 
higher cost as it gradually runs dry [2].  
Tao [1] conducted a research and presented a hybrid 
genetic algorithm for energy-aware cloud service 
scheduling for a library based on Pareto solution. The 
energy consumption data produced throughout a 
product life-cycle can be obtained dynamically and 
real-time by adopting IoT technologies.Regression 
analysis has conventionally been the most common 
approach in projecting energy consumption [2-6]. 
Artificial neural networks have also been adopted in 
order to predict energy consumption such as the 
conducted research by Kalogirouand Bojic [7] in 
which an artificial neural network has been trained by 
extracted data from simulation to draw a mapping 
between the input and output, and anticipate energy 
consumption. To be more general, neural networks 
have already known as a tool for data analysis in 

many areas. In addition, decision tree methodology 
has been gaining steam in production system as an 
efficient decision support [8]. These different data 
analysis and modeling methods have been compared 
and analyzed in wide range of applications. However, 
their comparison and analysis have not been 
considered in predicting energy consumption.  

 
In addition, long-term prediction has gone through an 
exhaustive enhancement. Long-term prediction is 
developed from the decomposition method [9] and 
univariate techniques such as: the autoregressive, the 
autoregressive integrated moving average and a novel 
configuration from integrating a high pass filter with 
an autoregressive were introduced in [10]. In [11], a 
remarkable work was presented in which regression 
analysis, decision tree, and neural networks were 
realized to anticipate the electricity energy 
consumption, and it also includes comparative 
benefits of the different data analysis techniques. 
Electricity load forecasting has been introduced 
adopting support vector regression schemes in [12], 
whereas in [13], support vector machines has been 
used with simulated annealing algorithms for the 
electricity load forecasting.Considering that the 
Autoregressive Integrated Moving Average (ARIMA) 
model [14] is suitable for capturing short-range 
correlations and has been used widely in a variety of 
forecasting applications, the ARIMA model is taken 
as a basic model in this study. However, the main 
disadvantage of the ARIMA method is that it has low 
accuracy in forecasting non-stationary or fluctuating 
time series. To alleviate this drawback, an optimized 
ARIMA model has been developed by us after the 
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basic model. In this paper, which is motivated by the 
ARIMA observation, an analytical study is carried 
out in order to determine if a prediction technique is 
advantageous or not.  
To solve the problem, it was proposed to test the 
ARIMA model in combination with a Gaussian Sum 
Particle Filtering (GSPT); this testing constitutes the 
main objective of this paper. The GSPT, which is 
proposed by GSPT [15], is a sequential algorithm for 
minimizing state error variance. The primary 
advantage of the GSPT is that the method can be 
applied in both linear and nonlinear systems and thus 
is able to compensate the shortcomings of the 
ARIMA model. In this study, an algorithm is 
proposed to dynamically update the clustering which 
involves mostly local operations and induces 
insignificant communication cost. The dynamic 
update of clustering requires to enable clustering-
based localized prediction by keeping the similarity 
within clusters at unnoticeable communication cost. 
The clustering algorithm presented in [15,16] is one 
of the most efficient algorithms, which is referred to 
as k-nearest neighbor (kNN). It identifies a group of k 
objects with the most similarity to the test object in 
the training set, and assigns a label on a particular 
class which is predominated in this neighborhood.  
Yet, the initial choice of the cluster centers 
determines the output of the K-means algorithm. 
Many evolutionary-based algorithm have been 

proposed to overcome this drawback such as GA, TS, 
and SA in [17], [18], and [19]. However, most of 
evolutionary-based algorithms suffer from the fact 
that they are considerably slow in finding optimum 
solution. With continuous development in this field, a 
novel evolutionary-based method has been introduced 
in [20] as Imperialist Competitive Algorithm (ICA) 
which was capable of solving difficult optimization 
problems. ICA not only exhibits a better answer, but 
similarly converges extremely fast comparing other 
ordinary evolutionary-based algorithms [21, 22]. The 
paper organization is as follows. Related works on 
prediction and clustering techniques for sensor 
networks is described in Section 2. In Section 3, the 
preparation methods and main modeling process are 
presented in detail. A performance comparison 
among the state-of-the-art techniques is provided in 
Section 4. In the end, Section 5 concludes this paper.   

 
II. OUR PROPOSED FRAMEWORK  
 
The modeling process was organized as follows. 
First, the basic ARIMA model of energy consumption 
series was calculated; second, the ARIMA parameters 
were optimized by the ICA algorithm until the 
optimum colony was calculated. Finally, the 
optimized hybrid model combining the GSPT and 
ICA-kNN optimized ARIMA was established. The 
entire modeling process is depicted in Fig. 1 

 

 
Fig 1. Flow chart of the proposed model. 

 
The K-nearest neighbor search has the ability 
that it will constantly return exactly K neighbors 
(if there are at least x points in Y).Combining 
kNN with ICA can be accomplished by different 

methods. As a first method, kNN can be 
assigned for the population generation which the 
output of this generation will initialize ICA. 
Here, the proposed algorithm is referred to as 
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ICA-kNN. Based on ICA-kNN, kNN is useful to 
improve the position of colonies after generating 
initial countries.  
 
III. PERFORMANCE EVALUATION  
 
Traditional performance indices, such as the average 
relative error (ARE), the square root of the mean 
square error (RMSE) and the mean absolute error 
(MAE) are used as measures for prediction accuracy. 
These indices are shown as follows: 

푅푀푆퐸=
∑ (푦 − 푦 )

푛                              (13) 
 

푀퐴퐸 =   ∑ |푦 − 푦 |
푛                                (14)   

 

퐴푅퐸 =  ∑ (|푦 − 푦 | 푦⁄ )
푛                       (15) 

 

Where 푦  is the real value, and 푦  is the predicted 
value of 푦 . To assess the performance of the 
developed method precisely, according the measures 
defined above, the indices of different models in three 
point-of-use are shown in Fig. 8. For example, 
consider the ARE in point-of-use 1, in which the 
values are between 35% and 42% on the basic 
ARIMA model and the ICA-kNN-optimized ARIMA 
model but are reduced to 25% in the optimized hybrid 
model. In another example of RMSE in point-of-use 
2, the value of the basic ARIMA model is 1.8575. 
After ICA-kNN optimization, the RMSE of the ICA-
kNN-optimized ARIMA model is already reduced to 
1.2, and the RMSE of the optimized hybrid model is 
0.8. The experiments from different areas always 
present the same results, namely that the optimized 
hybrid model is superior to the ICA-kNN-optimized 
ARIMA model, which is, in turn,superior to the basic 
ARIMA model. 

 

 

 

 
Fig. 2. Indices of different models in three point-of-use. 

 
Through the different comparisons, it is revealed that 
the basic ARIMA model and the ICA-kNN-optimized 
ARIMA model, the precision of the optimized hybrid 
model is improved. As an example of in point-of-use 

1, Figure 2 shows that all of the RMSE (0.8664), 
MAE (0.6628) and ARE (34.8%) of the improved 
hybrid model are the smallest of the three evaluation 
indices. Similarly, in the other two points, the RMSE, 
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MAE and ARE of the optimized hybrid model are 
also the smallest. Therefore, all of the indices involve 
that the optimized hybrid model can successfully 
decrease the error of the predicted values compared to 
the other two predictingapproaches. 
 
CONCLUSIONS  
 
A new optimized hybrid predictionmodel based on 
ARIMA and the GSPThas been designated by this 
study. The performance of the optimized hybrid 
model was assessed by the threepoint-of-use above, 
and the results of the optimized hybrid model were 
outstanding in prediction. These results also propose 
that the ICA-KNN algorithm and GSPTare valuable 
methods of planning and optimizing the ARIMA 
model in energy consumption prediction. There are 
several benefitsvia the offered method. First, the use 
of the GSPTmethodrecovers the disadvantage of the 
ARIMA model, which is unable to change 
thearchitecture of the model when the time series 
contains new information. Second, the proposed 
ARIMA model as optimized by the ICA-
KNNproposesbetterenhancements that are more 
satisfactory in the current study. In certain cases, the 
original parameter in the ARIMA is complex that it is 
not essential for predicting energy consumption; in 
such cases, the idea of mergingICA-KNN with 
ARIMA is extremelysignificant. Based on the 
aforementioned reasons, it is advised thatthe 
proposed optimized hybrid model has better 
predicting accuracyand ability.Energy consumption 
prediction is a difficult issue. Thus, the optimized 
hybrid model, mergingARIMA with the GSPT, 
provides aneffective method forinvestigatingenergy 
consumption prediction. The different results in the 
diversepointsshow that the method developed in this 
study iseffective and easy to implement. With a 
prepared setting, thismethod can be extremely 
beneficial as an accurate tool to predict the global 
energy consumption issues which has not been 
encountered effectively so far. 
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