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Abstract. Power load forecasting is an important part of power grid scheduling,operation and 
maintenance.It is also the basis of economic operation and security of electric power system.It has 
important significance to the stability and development of electric power system.This paper 
introduces the theory of wavelet analysis,and combined with neural network to form a wavelet 
neural network forecasting model,analysis the characteristics of the wavelet neural network,wavelet 
neural network algorithm design.Comparison of the results of the wavelet neural network and BP 
neural network,it is proved that the wavelet neural network model has the characteristics of high 
prediction accuracy,fast convergence speed,better prediction effect. 

1. Introduction 
Short-term load forecasting is an important task of the electricity sector,it is to ensure the 

reliability and security of the power system,and improve the power grid of the economy from the 
overall level has a significant role in the planning,electric power planning and scheduling must be 
based on load forecasting[1].  

2. Short term load forecasting based on wavelet analysis 
2.1 Wavelet analysis 

Wavelet analysis is a mathematical method for signal analysis.Wavelet analysis method has been 
applied to many branches,such as functional analysis,numerical analysis,Fourier analysis[2],spline 
analysis,harmonic analysis, and so on.The main idea is to choose the suitable wavelet basis 
function )(tφ ,and then to the generating function of wavelet basis function{ }ba,φ : 
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And then through the analysis of basis function{ }ba,φ .The same as Fourier analysis,wavelet 
analysis has many kinds,such as continuous wavelet transform,discrete wavelet transform,fast 
wavelet transform,fast wavelet transform and it is also called wavelet multi-resolution 
analysis,etc.For a function )(tf ,the continuous wavelet transform is defined as: 
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The b represents the displacement of time,the a represents the time scale, ),( baWf referring to the 

original signal )(tf in the b space contains the wavelet function of a,which indicates the degree of 

correlation between the signal )(tf and the wavelet function )(
b

at −φ .The corresponding inverse 

transformation equations for continuous wavelet transform is: 
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In the type, φC satisfies the formula (2-4)  
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The wavelet transform and the commonly Fourier transform can be used to do frequency domain 

analysis.But Fourier transform can only get the signal frequency domain information in the whole 
time domain.If the signals superimposed )(tg at a given time 0t ,the volatility )(tf will generate an 
increase )(wF∆ in the Fourier transform )(wF of the signal,But we can not judge by the frequency 
domain information leading )(wF to a generation of time-domain component of the definition of 
domain )(tg ,don't know when has )(tg produce and its duration.In order to analyze the signal in the 
time domain,it can be used for short-time Fourier transform.The method is to apply a sliding 
window )( τ−tw (theτ reflects the position of the sliding window),and then conduct the Fourier 
transformation.When the w changes,the width and shape of the sliding window do not change.And 
the shape of the time frequency window of wavelet transform can be adjusted.When the scale a is 
larger,the time-frequency window time domain part of the wider,and analysis of low 
frequency,suitable for details.This step by step from coarse and fine for analyzing things called as 
multi-resolution analysis,wavelet transform is an important aspect of engineering 
application[3],[4].By multi-resolution analysis to analyze the load sequence,its characteristics of 
different frequency component,thus easy to reveal the regularity of load sequence,and get a more 
accurate load forecasting model[5]. 
2.2 Wavelet neural network 

Wavelet neural network is a new kind of neural network model based on wavelet analysis.It 
inherits the advantages of wavelet analysis and neural network,so it has better performance.At 
present,we can use two methods to realize the combination of wavelet analysis and neural 
network,which are discrete wavelet neural network and continuous wavelet neural network,the 
former is the first to use wavelet transform to pre-processing in advance,to extract the feature vector 
and then by the neural network to deal with them,shown in figure 1.The latter is wavelet function 
instead of hidden layer in the neural network,as shown in figure 2,the training of the network and 
the learning methods still adopts the traditional neural network's thought[6],[7],so that both the 
wavelet transform and neural networks will organically combine the advantages. 

 
Fig.1 discrete wavelet neural network 

 
Fig.2 Wavelet neural network 
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2.3 The design of Wavelet neural network algorithm  
Through the analysis of wavelet analysis and wavelet neural network,the wavelet neural network 

has great advantages in the practical application.Power system short-term load forecasting model 
for nonlinear load component can be used in forecast analysis on wavelet neural network 
algorithm[8],[9],In order to ensure the greatest degree of convergence of speed and accuracy. 

At the figure 2, kXXX ,...,, 21 represent the input parameters of the wavelet neural 
network, mYYY ,...,, 11 represent wavelet neural network prediction output, ijw and jkw are wavelet 
neural network weights. 

The input signal sequence is kxi ,...,2,1= ,The formula for calculating the implied layer output is: 
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In the type, )( jh :output values for the hidden layer of the number j node; ijw :connection weights 
for the input layer and the hidden layer; jh :wavelet base function； jb :translation factor of basis 

function jh ; ja :the scaling factor of the wavelet base function jh . 
The wavelet basis function used the Morlet wavelet base function,and its mathematical formula 

is: 
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The formula for calculating output layer of wavelet neural network: 

∑
=

==
l

i
ik mkihwky

1
,...,2,1),()(

 
In the type, ikw :hidden layer to output layer weights; )(ih :the output of the number i hidden layer 

node;1:hidden layer node number;m:output layer node number. 
Wavelet neural network algorithm flow chart,Fig.3. 

 
Fig.3 wavelet neural network algorithm flow chart 

3. Examples and results of short term load forecasting 
In this paper,based on the May 10-15,2015 load data of a certain area of Liaoning province,on 

the basis of forecast on May 20 load data,through comparing the BP neural network and wavelet 
neural network. 

In this paper,BP neural network input layer is used as the 3 nodes,the hidden layer is 6 nodes,the 
output layer is 1 nodes,the system error is set to 0.0001,and the maximum training times is 3000 
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times.The neural network is trained in the training process, and the training 
speed: 8.0=η ,momentum factor: 8.0=α . 

After the training of BP neural network,the prediction results are compared with the actual 
values,as shown in table 1. 

Table 1  comparison between predictive value of BP neural network and actual value   
 

time 
prediction load actual 

load 
 

error 

0：00 0.2389 0.2124 0.1247 

2：00 0.0542 0.0894 -0.3937 

4：00 0.1072 0.1142 -0.0612 

6：00 0.2455 0.2359 0.0406 

8：00 0.6512 0.5579 0.1672 

10：00 0.6734 0.5889 0.1434 

12：00 0.6812 0.7042 -0.0326 

14：00 0.6990 0.7150 -0.0223 

16：00 0.7230 0.7209 0.0029 

18：00 0.7597 0.7462 0.0180 

20：00 0.7964 0.8032 -0.0084 

22：00 0.8001 0.8136 -0.0165 

At the same time,the load forecasting is using by wavelet neural network method.In the wavelet 
neural network,the system error and the maximum training times are the same as that of BP neural 
network,which is determined by the wavelet neural network,and there is no of the neurons[10] in the 
BP neural network.After wavelet neural network training,the prediction results are compared with 
the actual values,as shown in table 2. 

Table 2 Comparison between prediction of wavelet neural network and actual value  
 

time 
prediction load actual 

load 
 

error 

0：00 0.2259 0.2124 0.0635 
2：00 0.0632 0.0894 -0.2930 
4：00 0.1098 0.1142 -0.0385 
6：00 0.2256 0.2359 -0.0436 
8：00 0.6072 0.5579 0.0883 

10：00 0.6272 0.5889 0.0650 
12：00 0.6901 0.7042 -0.0200 
14：00 0.6993 0.7150 -0.0219 
16：00 0.7229 0.7209 0.0027 
18：00 0.7560 0.7462 0.0131 
20：00 0.7975 0.8032 -0.0070 
22：00 0.8108 0.8136 -0.0034 

Through the two tables,the prediction error of the two methods can be obtained,The average 
error of the wavelet neural network is 0.016,and the average error of BP neural network load 
forecasting is 0.031.Thus,the accuracy of wavelet neural network is higher than that of BP neural 
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network,and prediction of wavelet neural network is faster than BP neural network.In general,the 
prediction method of wavelet neural network is more superior than that of BP neural network. 

4. Summary 
Power system short-term load forecasting is the basis of the normal operation of the power 

grid,which has important significance to improve the economic benefit of the electric power 
sector.In order to promote the safe and economical operation of power system,this paper is mainly 
based on wavelet analysis and optimization of power system short-term load forecasting 
research.Combining wavelet transform and neural network,research on wavelet neural network 
algorithm,comparison of two methods of wavelet neural network and BP neural network,the 
wavelet network has the high accuracy.The wavelet neural network model has the ability of fast 
convergence and stronger training and learning ability,which has a positive effect on short-term load 
forecasting. 
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