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Abstract— Load forecasting has become an important field for research in recent years due to deregulation of market. 
Many approaches are used to forecast electrical demand which includes classical and statistical approach. In this study 
overviews of the researches have been done in last decade has been segregated and analyzed based on two criteria’s. 
Firstly, Methodologies employed/work done on the Input given to different models and Secondly, Work done on the main 
models itself. 
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I.  INTRODUCTION 

 Load forecasting plays very important role in the energy 
management system. It has become an essential content 
for price based electricity market. Accurate load forecasts 
are needed for prognosis of the future level of demand to 
serve as the basis for the supply side and demand side 
planning. Extensive research has been conducted in the 
last decade on load forecasting as a constituent for the 
uninterrupted power supply and power system operation, 
planning and maintenance. 
 
Based on the short term electrical load forecasting in the 
past decade, a total 156 IEEE Papers were found. 
Understanding of the basic abstract led to the filtration of 
40 different papers (which have worked on single node 
only) involving different approaches on the selected 
criteria. Out of these 40 papers, 14 papers have worked on 
improving the quality of input given to any model. The aim 
for this part of research was to focus on finding out 
different input refining techniques that have been used and 
their use in improving accuracy of prediction. The 
remaining 26 papers have worked on the main model used 
for forecasting with an aim to review and understand the 
models that have been used over the past decade. 
Understanding how they are combined with each other 
and how this combination increases the accuracy of 
forecasting. 
 
The paper is divided into three sections. First section 
includes the work done on the input, the second section 
describes the work done on the main model itself and the 
last section has the discussion along with the conclusion. 

A. Work done on Input Vector: 

 
The success of a forecasting technique does not only 
depend on the approach or the models used but also on the 

quality of input data which contains proper patterns 
representing the system dynamics. The data generally 
contains a lot of anomalies like missing data, wrong data or 
bad data, if the input data is not processed properly and 
given as it is to the model then this will decrease the 
efficiency of the model and lead to inaccurate forecasting. 
Similarly, it is also very important to give data of those 
variables only which have good correlation with load data. 
 
Research papers [4],[6] and [10] work on fuzzy logic 
model inputs. In [4] fuzzy clustering approach based on 
Gath & Geva algorithm is done in order to avoid the 
disadvantages of simple model (such as handling large set 
of data, time consumed and complexity).  The Gath Geva 
approach is a fuzzification of statistical estimators. It is 
also does minimization of objective function as done in 
Fuzzy c-means(FCM) algorithm, but Gath Geva algorithm 
do it faster as compared to FCM algorithm. With the help of 
Gath Geva algorithm the clusters made have a definite 
shape, due to which it is easier for the main model to 
segregate and identify the cluster of different inputs given 
to the model. Therefore, more complex system can also be 
handled easily. The partitions can be very different. The 
main drawback of this algorithm is the floating point which 
can occur due to exponential functions. Results that are 
obtained have a high value of Variance Accounted for 
(VAF). 
 
In [6] and [10] MOPSO (Multi Objective Particle Swarm 
Optimization) and Multi objective genetic algorithm are 
applied to constitute a pattern classification system based 
on fuzzy rules. These, fuzzy rules are simplified, optimized 
and the effects of redundant rules are eliminated 
accordingly. In both the paper the historical data was 
grouped into four separate classes – Weekday, Weekend, 
Public holiday and the days adjacent to public holidays. 
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With the help of these methods the accuracy of the special 
days increases. 
 
In [9], [12], [13] and [14] the input is organized by 
different techniques and then given to the ANN for training 
the network. In [9] the parameters of the neural network 
are reduced to make the algorithm of training networks 
more practical by applying principal component analysis to 
the load data. The new characteristic not only keeps the 
principal information of the original characteristic but also 
reduces the number of characteristics. Though PCA 
(Principal component analysis) is a very strong tool for 
high dimensional data but in case of outliers it is not able 
to preserve the information’s, in these cases weighted PCA 
will help to overcome the shortcoming of Back 
propagation(BP) algorithm i.e. slow convergence speed 
and even non convergence for the problem with large 
number of characteristics , Single parameter Dynamic 
Search(SPDS) algorithm is used for training. The results 
show that average relative error is almost less than half for 
SPDS algorithm then BP algorithm. Similar, to PCA another 
technique that has been used for decomposing the load 
into different parts is Wavelet Transform[14].The 
redundant frequency components that are developed 
during the Wavelet transform are removed with the help of 
Fast Fourier Transform(Anti Aliasing filter) 
 
In [12] pattern recognition technique is used for selecting 
the input set to the ANN whereas in [13] for the input 
vector, it was established a search for any “chains with 
complete connections” in the signal of active power, based 
on Gibbs measure and a relative entropy analysis. These 
concepts give an idea about the variables or lagged values 
to be used in input vector. 
 
In both [1] and [2] based on Auto Correlation 
Function(ACF),  Partial Auto Correlation Function(PACF) 
and Cross Correlation Function(CCF) analysis input 
variables are selected for the model. In [2] the combination 
of time, time indicator, lagged load and respective weather 
variables are considered as forecast model inputs in order 
to enhance the accuracy of STLF. Correlation functions are 
best to describe the linkage between the dependent and 
the independent variables and hence the input variables. 
Whereas in [7] the anomalous load profiles are identified 
using the following approaches:- 

• Vector norm approach 

• Probability distribution function (PDF) approach 

• Hybrid approach  

Norm based approach is useful when the load profile has 
got a major shift in any of the load values as compared to 
last validated load profile. If there are few spikes in load 
profile then norm based approach may not consider it 
anomalous. On the other hand PDF based approach may be 
useful in detecting spikes. Suppose profile has significant 
shift in load values for most of the time interval but all 

these values are between the two limits set by PDF 
approach then PDF approach fails and hybrid of Vector 
norm and PDF is used. The hybrid approach helps to detect 
the outliers and smoothens the input load data series. This 
statistical based approach is very strong and is even better 
then PCA (Principal Component Analysis) approach or 
Wavelet transform approach when the outliers are more in 
number. 
 
In [3] again input variable is selected using correlation but 
he ANN is trained using 7 different algorithms out of 17 
available in MATLAB, then input modes are removed based 
on saliency and each network is restrained to match the 
inputs after feature selection after that the results of these 
restrained ANN’s  are ensemble. The paper shows that 
training all ANN’s with only One Step Secant algorithm 
gives better performance.  
 
In [8] the data is first prepared using integration, selection, 
preprocessing and transformation. Secondly a new method 
is used which takes weather into full consideration by 
decision tree algorithm in data mining algorithm. Lastly 
pattern evaluation is done. This method is good in cases 
where the load data depends mostly on the weather data. 
 
In [11], [4] and [5] work on input given to SVM. In [11] a 
semi parametric spectral estimation method is used to 
decompose a load data signal into a harmonic linear signal 
and nonlinear trend. The nonlinear trend is given to 
support vector machine (SVM). The final predicted signal is 
then found by adding the SVM predicted trend and linear 
signal part. Thus the robustness of SVM and strong 
statistical approach for linear signal are used to make the 
overall prediction very strong. In [4] genetic algorithms 
were used to determine proper values for the free 
parameter of SVM where as in [5] authors used regression 
trees to select the important input variables and to 
partition the input variable space for use in SVM. In [5] 
firstly rough set(RS) is used to reduce the redundant 
attributes among  various factors that affect the peak load 
forecasting , secondly Support Vector Regression (SVR) is 
applied to fit the peak load data by taking advantage of all 
the past information and similar dynamic properties. The 
results of RS + SVR are compared with ANN and SVR and it 
performs better than both.  
 
Thus a number of methods have been applied in the past 
decade to improve the input given to forecasting model. 

B. Work done on Model: 

Load forecasting accuracy plays a very crucial role 
therefore most load forecasting models and methods have 
already been tried out on load forecasting with varying 
degree of success.  
 
Time series models are used since ages for load forecasting 
and they provide satisfactory results also. Few of the 
recent papers that have worked on these classical 
approaches in the last decade have increased the accuracy 
of these models. Here few of the research works on the 
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classical models (either hybrid or improved version) are 
discussed first and then we will move on to hybrid ANN 
models and models for SVM and other models. 
 
In [18] after the selection of the model as per the Box-
Jenkins methodology, the method of weighted mean for 
residual errors is applied, then this improved model is 
applied to get improved forecasting sequence, this method 
gives a good result when only load data is given as input 
vector. Whereas in [20] at the stage of parameter 
evaluation Recursive Least square method with forgetting 
factor is implemented. With the help of forgetting factor 
the effect of current observing data on parameter 
evaluation is strengthened and the effect of previous data 
is weakened.  
 
In [28] ARIMA model is combined with REGRESSION 
model and a new REGARIMA model is found. In it best 
Multiple Regression model is selected and the residual of 
this fitted regression model is taken as the input data for 
making ARIMA model. Best ARIMA model is also selected 
for determining the peak load data. REGARIMA performs 
better than ANN & ANFIS. This happened because the 
ARIMA model specializes in the random effects in the peak 
load data. In [31] consists in representing the electricity 
series consumption as a combination of multivariate 
SARIMA based model with additive Gaussian white noises. 
A robust covariance estimator was adapted in the 
modeling. The influence of bad effect of special days is 
been removed in this method.  
 
In [15] the daily load is predicted on dry and rainy seasons 
with the help of Multiple Linear Regression model. 
Multiple linear regression models uses data very 
efficiently, though they work pretty good when the data set 
is small. As this method is sensitive to outliers therefore it 
will be better to remove the outliers beforehand. 
 
In [29] Linear and Log Linear regression approaches are 
applied by considering Real GDP and population as 
variables. The original data is processed using Moving 
Average technique. The results are compared with ANN 
and shows that ANN performs better than Log linear & 
Linear regression. And Log linear performs better than 
linear regression. 
 
Similarly in [32] Linear regression is used to analyze the 
temperature sensitivity of load and using the results, 
temperature sensitivity of load is forecasted. 
 
In [19] the Principal Components (PC) of load time series 
are extracted by using singular spectrum analysis (SSA) 
and then fitting an Auto-Regression model for each PC and 
for each group of days is done separately. Depending upon 
the load shapes here also the week is divided into three 
groups: day next to weekend, weekday and weekend. After 
the multi-step prediction the load series is again 
reconstructed by SSA. Results of SSA- AR are better than 

NN(MAPE%).The time taken by this model is less and the 
performance is very good for one hour up to a day load. 
 
In [21] based on reconstruction phase space STLF is 
realized with the application of local linear prediction 
method. Saturated correlation dimension of the load 
sequence proves that load series is chaotic series. In [38]   
k–nearest neighbor algorithms used for classification of 
load data. The week has been divided into weekdays, 
weekend and days on both sides of weekend. Then Holt 
winter and SARIMA models are compared and SARIMA 
model outperforms the Holt winter model. This shows that 
ARIMA model is better in performance in cases when the 
load data is less and SARIMA takes care of seasonality as 
well. 
 
In last two decades much research has been carried out on 
the application of artificial intelligence techniques to the 
load forecasting problem. Research [41] examines a 
collection of papers published between1991-99 which 
used ANN for Short Term Load Forecasting. Since last 
decade the trend changes from using simple ANN to hybrid 
NN for increasing the accuracy and reducing the time for 
forecasting. Few of the papers which worked on the same 
are as follows:- 
 
In [30] AIS (artificial Immune system) learning algorithm 
which is inspired from the vertebral immune system is 
used. The results obtained shows that AIS MAPE% is 
comparable to Back Propagation (BP) algorithm but the 
numbers of iterations taken by AIS for converging are 
much lesser than BP. Therefore, time required for 
forecasting also decreases. Accuracy of simple ANN can 
also be increased by using two specific ANN’s, One for 
forecasting the load on working days and another for load 
on non-working days as well as the use of temperature 
variable as in [25] 
 
With the further advancement in hybrid artificial 
intelligence technique, ANN with genetic algorithm (GA) 
and ANFIS (Adaptive Neuro Fuzzy Inference system) came 
up, this improves the accuracy of SLTF from simple ANN.  
 
In [33] preprocessing of data is done with the help of 
moving average filter and then data is fed to ANN, GA and 
ANFIS. Results show that ANFIS gives lower value for 
MAPE than GA and ANN. A hybrid neural model which is a 
combination of simulated annealing (SA) and PSO (Particle 
Swarm optimization) is made in [27]. PSO has an ability of 
global optimization and SA has a strong searching 
capability therefore SAPSO algorithm is better than BP 
algorithm. Thus the capabilities of different algorithms are 
combined to make the forecasting much better. Though 
PSO and GA are almost same and yield same quality of 
results but computationally PSO uses less number of 
function evaluations then GA. 
 
An ANFIS can help us find relation between the input and 
output data through hybrid learning to determine the 
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optimal distribution of membership functions. Whereas GA 
is a random search technique that is widely used to find 
the optimal solution. It is a class of population based 
algorithm and finds the optimal solution on the basis of the 
optimal point of a population.  
 
The SNN (Spiking Neural Network) are the third 
generation ANN which is more detailed models and they 
use the neural code of precisely timed spikes. SNN used in 
[26] shows that SNN model have more advantages over 
ANN- BP like increased accuracy , less training time 
required and better data handling capacity and 
adaptability.  
 
In [22] clustering of data is done as daily and seasonal 
variations, holiday behavior etc., then separate Neural 
Network models are constructed for different clusters. 
Here Elman NN (Which is a subclass of Recurrent Neural 
Network, it has got a feedback connection with a delay) is 
compared with RBF- NN and show better results. Elman 
NN is not biased and does not depend on any kind of 
partitioning scheme, number of epochs and number of 
runs. 
In [34] SOM (Self organizing Map) which is a type of ANN 
that is trained using unsupervised learning to produce a 
low dimensional, discretized representation of an input 
space of training samples in a cell map. The results of SOM 
are found better then BP & RBF-MLP. The main advantage 
of SOM based models over MLP or RBF based models are 
the inherent local modeling properties, which favor the 
interpretability of the results. 
In [24] a new approach called as QGA- FNN (Quantum 
Genetic Algorithm – merged with Fuzzy Neural Networks) 
is used. With the QGA method all the network’s weights 
and biases are encoded into several ANN system particle 
swarms and then the network parameters are trained 
using QGA method to locate networks optimal parameter 
solution. Next it resolves the optimal STLF with the FNN’s 
derived. The results are compared with few of the well-
known hybrid AI techniques and it shows that the 
performance increases in the following sequence: ANN-
EPANN (Evolutionary programming), GA-ANN (Genetic 
Algorithm), QGA-ANN (Quantum Genetic Algorithm, QGA –
FNN(Best Results) 
 
Radial Basis function (RBF) method, a variant of ANN, is 
widely used and has been proved better then ANN. The 
performance of traditional RBF method has been improved 
in [26] and [40] but using different methods. In [39] 
Quantum behaved particle swarm optimization (QPSO) 
algorithm is used, in this for finding the optimal adaptive 
values all network parameters were coded into individual 
particles. Particle Swarm Optimization has issues such as 
convergence is slow during the search, parameter 
estimation precision is poor and they get easily trapped in 
local minima. These issues are overcome by QPSO. 
Whereas in [40] the main forecasting task has been done 
by RBF Network and for optimizing the value of the 
Gaussian distribution width of the RBF nodes the Genetic 

Algorithm is used. The forecasting accuracy have been 
corrected and improved with the help of Fuzzy corrector. 
Here, the temperature factor is also considered. This 
hybrid method performs better than the following 
methods in sequence as follows:-GA-RBF-Fuzzy corrector 
ANFIS GA-RBF Feed forward NN RBF Network Standard 
Genetic Programming. 
 
In [37] Multiple Gene Genetic Programming (MGGP) is 
used where each individual of the population is a weighted 
linear combination of sparse trees and each tree in this 
combination are considered as a gene. In this paper 
Minimum and Maximum temperature data has been used 
along with the load data. In few of the researches Genetic 
programming outperforms the time series methods and 
the BP(Back Propagation) based ANN(both were used with 
Rough sets).Here, MGGP performs even better than RBF 
and single Gene Genetic Programming.  
 
In [36] Group method of data handling (GMDH) approach 
which is a method of identifying nonlinear systems with 
large number of input variables is used. Polynomial 
Network which is a self-organizing network is used. The 
combinatorial algorithm is better than multiple linear 
regression, ARIMA and traditional Neural Network models.  
 
In [35] reproducing kernel Hilbert space prediction model 
has been applied to the load data and then nonlinear 
matching template is constructed. This method performs 
better even if the data set becomes smaller. It outperforms 
the SVM (Support Vector Machine) model for smaller data 
set. 
 
In [17] the relationship between the load and ambient 
temperature data information is identified and then 
quantifying of this relationship is done through the use of 
parameter estimation technique obtained from Grey 
Forecasting Method. GM (1, 1) and GM (1, 2) are used. 
Prediction of load with data of location is done. 
 
Another novel Neural Network technique called support 
vector Machine (SVM) was proposed by Vapnik and his 
coworkers in 1995.SVM is a new way to train polynomial 
neural networks or radial basis functions neural network 
based on the Structural Risk Minimization (SRM) principle. 
 
In [16] and [23] standard SVM is varied to get better 
accuracy of forecasting. In [9] standard SVM formulation is 
modified in the same sense of ridge regression and taking 
equality instead of inequality constraints in the problem 
formulation. In this least square –SVM is used for pattern 
recognition and nonlinear function estimation and LS-SVM 
outperforms ANN. In [16] instead of using cross validation 
or gradient descent method for selecting SVM parameters, 
Genetic algorithm is used. The qualities of genetic 
algorithm such as powerful global optimization function, 
the implicit parallelism etc. are used to search the optimal 
values of SVM parameters ‘c’, 'k' and 'σ2'automatically. And 
hence the forecasting performance improves. 
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Thus many improvements have been done to improve the 
basic models of Fuzzy, ANN and SVM by either hybriding 
them with other models or improving their algorithms for 
solution search. 

C. Conclusion 

Short term Load forecasting plays an important role in the 
operation and planning of electric energy system. Variety 
of work has been done to improve the error in forecasting 
either by improving the input series/vector or by 
improving the model itself. 
 
The study shows that ARIMA model performs much better 
than other traditional or stochastic models. As ARIMA 
being a strong model, it has been combined with other 
models to improve the accuracy of the performance. 
ARIMA model outperforms the Artificial Intelligent models 
in cases where the load depends on many independent 
variables which are sometimes unknown. Hybriding of any 
model with ARIMA model increases the performance. As 
Artificial Intelligence techniques perform better in case 
where the load series depends on more number of 
independent variables, therefore varied amount of work 
has been done on AI techniques. The main artificial models 
are ANN and SVM. SVM is more robust then ANN. Different 
techniques have been employed to improve the 
performance of ANN by employing different algorithms for 
searching the optimal solution and the global parameters. 
Some of these techniques which have shown good results 
are PSO (Particle Swarm optimization), QPSO(Quantum 
behaved PSO),GA(Genetic Algorithm) and QGA(Quantum 
behaved GA).QPSO has fast convergence, good accuracy 
and does not trap in local minima, same is there with QGA. 
QPSO and QGA are better than PSO and GA respectively. 
Performance of SVM improves with GA. All these model are 
of no use when the input data provided is not good. The 
best way to select the input variable is using correlation 
functions. After selecting the input variable, the input 
vector should be improved using certain techniques which 
are good such as Gibbs measure, Wavelet transform, 
Principal Component analysis and Fuzzy clustering 
approaches. Multi-objective PSO and GA if applied for 
pattern classification of input also improves the result of 
Load forecasting. 
 
The drawback of ANN (i.e. thin lining between different 
input clusters) is overcome by SVM therefore, more work 
is required to be done for further improving SVM by 
making it hybrid with other models and approaches.  
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