
2011 IEEE International Conference on Fuzzy Systems
June 27-30, 2011, Taipei, Taiwan

978-1-4244-7316-8/11/$26.00 ©2011 IEEE

A Noisy Data Regression Model Based on General 
Regression Neural Networks 

 

Shih-Chun Shao   Wen-Hui Chen 
Graduate Institute of Automation Technology 

National Taipei University of Technology 
Taipei, Taiwan 

t8618007@ntut.edu.tw   whchen@ntut.edu.tw  

Jun-Horng Chen 
Department of Communication Engineering 

Oriental Institute of Technology 
New Taipei, Taiwan 

jhchen@mail.oit.edu.tw
 
 

Abstract—Analysis of noisy data gathered from measurement 
devices is challenging in the power grid. In this study, an effective 
noisy data regression approach based on general regression 
neural networks (GRNN) is employed to deal with the problem 
for remote terminal units (RTU) in power SCADA systems. 
Experimental results show the proposed model is able to handle 
noisy data for practical applications, and has good performance 
in removing the unintended changes to the original data.   
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I.  INTRODUCTION  
Supervisory control and data acquisition (SCADA) systems 

are indispensable in the operation of modern power systems. A 
SCADA system is a centralized control and monitoring system 
that typically consists of a master station, communication 
networks, and remote terminal units (RTUs). In power SCADA 
systems, all the field data are collected by RTUs, and transmit 
to the host computer in the control center based on some 
protocol through communication networks. Data acquisition at 
the RTU includes meter readings and equipment status reports. 
In the data transmission process, there will be a chance that 
parts of the collected data are corrupted due to noise 
interference. Past research indicated the processing of the noisy 
data at RTU is necessary in SCADA systems [1]-[2].  

In the data transmission process, there are different data 
processing stages between field sites and the control center, 
including raw data acquisition, transformation, conversion, 
and transmission in various devices. Spikes or power surges 
can cause data corruption in the data transmission process, 
which makes the acquired data become unreliable. For data 
integrity, it is essential to process the raw data in the 
substation level before transmitting them to the host computer 
in the control center. How to handle the corrupted data for 
improving information accuracy becomes essential as it can 
have an impact on the system operation and can influence 
dispatchers during the decision-making process.  

To take the data corruption issue into consideration, the 
converted data in the RTU needs to be processed using data 
processing techniques before converting back to practical 
engineering values in the host computer. For improving the 
data accuracy, in [2], the authors applied fuzzy logic theory to 

deal with the problem of data uncertainty. In the application of 
fuzzy logic theory, the selection of membership functions is a 
key issue, and is time-consuming by try-and-error process. As 
inappropriate membership functions can cause bad results. The 
authors in [3] applied genetic algorithms to adjust the required 
parameters of the membership function to improve the 
estimation results. However, it is not easy to obtain the 
optimal membership function using few sample data.  

In this study, a computational approach based on general 
regression neural networks (GRNN) was proposed to construct 
a systematic fitting model for RTU noisy data processing. The 
proposed approach is employed to examine the analogue data 
collected by RTUs as a data preprocessing step to reduce 
errors existing in the conversion process before running the 
required data analysis. 

The rest of the paper is organized as follows. Section II 
introduces the proposed GRNN model for dealing with the 
noisy data. Section III provides an example to verify the 
effectiveness of the proposed GRNN model. Conclusions are 
finally drawn in section IV. 

 

II. METHODOLOGY 

A. GRNN Architecture 
The GRNN is a powerful regression tool proposed in [4] as 

an alternative neural network based learning paradigm. The 
network training speed of GRNN is extremely fast as it adopts 
a one-pass learning algorithm with a highly parallel structure. 
In addition, the parameter that needs to be determined in 
GRNN is much fewer than the widely used back-propagation 
neural networks (BPNN). Due to the simplicity of network 
structure and ease of implementation, GRNN has been applied 
to a variety of applications including noisy data removal [5], 
function approximation [6], active vibration control [7], and 
fault diagnosis [8].  

In GRNN, each training sample is operated as a kernel 
during the training process. The regression surface is 
established by using Parzen window estimator. The estimation 
of GRNN is based on non-parametric regression analysis to 
make the best fit of the observed data. As such, GRNN does 
not require prior knowledge of the regression function. These 
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features are useful for obtaining a better estimation of noisy 
data in the problem of RTU data processing. 

Assume that the underlying scalar function to be 
approximated is denoted as y=f(x) where x∈Rm is an 
independent variable and y∈R1 is a dependent variable. 
Regression in the GRNN is carried out by calculating the 
expected conditional mean of y given x as shown in (1). The 
Parzen probability density estimator g(x,y) with Gaussian 
function defined in (2) is based on sample values xi and yi of 
the random variable x and y, where n is the number of training 
samples and m is the dimension of x. 
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The probability estimator g(x,y) assigns the sample 

probability of width σ  for each sample xi and yi, and the 
probability estimate is the sum of those sample probabilities. 
The non-negative constant σ  called smoothing parameter or 
spread constant is the only parameter that needs to be 
determined in the GRNN-based approach, and is related to 
how much the neural network will generalize. Therefore, the 
performance of the GRNN is affected by the adjustment of 
spread constants. 

When the spread constant is made large, the estimation is 
forced to be smooth but it does not represent the training 
samples very precisely. On the other hand, a small value of 
spread constant allows the estimation that represents the 
training samples very well but it has many wiggles in the 
fitting curve. Therefore, a tradeoff between smoothness and 
minimal error has to be made between precision and 
smoothness. 

Substituting the joint probability estimator in (2) into the 
conditional mean in (1) yields the desired estimated value as 
follows, 
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where Di is defined as  
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The distance, Di, between the training sample and the point of 
estimation is used as a measure of how well each training 
sample can represent the position of estimation. With (3) it is 
possible to estimate values of the fitting function based on 
training samples. 

B. Noisy Data Regression Using GRNNs 
The use of GRNN to build a regression model for noisy data 

from RTUs is described in this subsection. A feed-forward 
neural network, as shown in Fig. 1, is used to estimate the 
regression variable y from a measurement vector x.  

 
Fig. 1  Schematic diagram of the GRNN architecture. 
 

There are four different types of layers in the structure of 
the GRNN model: input layer, pattern layer, summation layer, 
and the output layer. The input neurons in the input layer are 
merely distribution units, which provide all of the 
measurement variables to the second layer, the pattern layer. 
The pattern layer is a latent regression layer. Each neuron in 
the pattern layer is corresponding to a training sample or one 
cluster center. The calculations performed in each pattern 
neuron are the normal distribution centered at each training 
sample.  

The summation layer performs a dot product between a 
weight vector and a vector composed of the signals from the 
pattern layer. It includes two units. One is the denominator 
summation unit, and the other is the numerator summation 
unit. The first unit adds up the weight values coming from 
each of the hidden neurons. The numerator summation unit 
adds up the weight values multiplied by the actual target value 
for each hidden neuron.  

The output layer generates the desired estimation of y, 
denoted by ŷ . It divides the value accumulated in the 
numerator summation unit by the value in the denominator 
summation unit, and uses the result as the estimated value. 
This estimated value is an exponentially weighted average of 
all observed values yi.  

 The training of GRNN does not need to determine the 
connection weights between the neurons in different layers but 
to adjust the spread constant to make the estimation model 
best fit the sample data. In other words, the generalization 
ability of GRNN is controlled by this spread constant. 
Traditionally, the value of spread constant of GRNN is usually 
selected by a try-and-error process. In the GRNN-GA model, 
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the genetic algorithm is used to optimize the spread constant 
of GRNN.  

Genetic algorithms (GA) are population-based search 
algorithms based on the mechanics of natural selection and 
genetics. GA is able to globally exploring a solution space 
searching for potential solutions, and has been applied to solve 
many optimization problems [9]-[11].  

The process of GA begins with a randomly selected 
population of chromosomes. Each chromosome string contains 
possible solution to the spread constant of GRNN. GA is used 
for searching an appropriate spread constant that can minimize 
the mean square errors between the target values and training 
samples. The fitness function f is defined as follows, 
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where n is the number of samples.  
 
The optimum solution can be obtained by minimizing the 

fitness function defined in (5). The fitness function is used to 
evaluate the quality of each chromosome. The lower fitness 
value chromosome at each searching step will be chosen to be 
the parent of the next generation, while the higher fitness one 
will be discarded. In creating the new offspring, the selected 
parent chromosomes will get through the reproduction process 
by performing GA operations, such as crossover and mutation 
as described in [12]. The process continues updating newer 
and more suitable chromosome until a predefined stopping 
condition is satisfied.  
 

III. EXPERIMENTAL RESULTS 

The performance of the proposed GRNN model was 
evaluated by a set of RTU data and is described in this section. 
The optimal spread constant of the GRNN model is 
determined according to the mean square error (MSE) 
criterion using GA searching technique.  

The program codes in this experiment are written in 
MATLAB language for all the simulations. The performance 
evaluation used in this study is the mean absolute percentage 
error (MAPE) in accuracy. This value is calculated by first 
taking the absolute deviation between the actual value yi and 
the estimated value iŷ . Then the total ratio of deviation with 
its actual value is calculated. The percentage of the average of 
this ratio is the mean absolute percentage error. The process of 
calculating the MAPE is shown in (6). 
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where n is the total number of test data. 
 
To examine the performance of the proposed GRNN model, 

a comparison with an existing method was given. The test data 

was adopted from [3]. Suppose that a bus voltage recorded 
from a substation varies from 180 kV to 260 kV (nominal 220 
kV with 18% variations). The voltage values are converted to 
the value in pulse counts, ranging from 19800 to 28600 (110 
counts per kV). Table I lists the test examples and their 
corresponding calibrated values. In Table I, the measurands in 
the second column are measurements that contain errors, 
which are transformed to the pulse output via A/D converters 
in terms of counts. Actual values in the fourth column are 
calibrated quantities without errors. 

 
TABLE I 

TEST EXAMPLES AND THEIR CORRESPONDING CALIBRATED VALUES 
 

No. of 
samples 

Measurand 
(kV) 

Counts Actual values 
(kV) 

1 180 19800 180.911 
2 190 20900 190.0015
3 200 22000 200.00 
4 210 23100 210.0005 
5 220 24200 220.00 
6 230 25300 230.0005 
7 240 26400 240.2563 
8 250 27500 250.00 
9 260 28600 259.6281 

 
In this experiment, the parameters of GA are initialized with 

a population of 40 chromosomes, and the crossover 
probability and mutation probability are taken as 0.85 and 0.01, 
respectively. Fig. 2 depicts the relation between the number of 
iterations and the corresponding spread constants. The MSE is 
plotted versus the number of iterations in Fig. 3. The optimal 
spread constant was set at 0.6647 to leverage the smooth of 
fitting function and the mean square error.  

The performance evaluation of the Fuzzy-GA (FGA) model 
proposed in [3] and the proposed GRNN model is listed in 
Table II. From the results, it can be seen that the performance 
of the proposed model outperforms that of the FGA model. 
These results justify the proposed approach is able to 
approximate the fitting function more accurate than that in [3]. 

 

 
Fig. 2  The iteration-spread constant graph. 
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Fig. 3  The MSE-spread constant graph. 

 
TABLE II 

PERFORMANCE EVALUATION  BETWEEN GRNN AND FGA MODELS 

Counts 
Actual 

value (kV) FGA model 
(kV)  

The proposed 
GRNN model  

(kV) 
19800 180.911 181.822 182.5051 
20900 190.0015 190.003 190.1614
22000 200.00 200.000 200.0015 
23100 210.0005 210.001 210.0004 
24200 
25300 
26400 
27500 
28600 

220.00 
230.0005 
240.2563 
250.00 

259.6281 

220.000 
230.001 
240.512 
250.00 

249.243 

220.0005 
230.0379 
240.1800 
249.9565 
257.9410 

 MAPE 0.5124 0.1868 

 
 

IV. CONCLUSION 
This paper has presented an efficient noisy data regression 

model for the RTU application using GRNN approach. The 
main merits of the proposed method include its simple 
computational framework, precision in nonlinear 
approximation, and fast learning speed. Although we only 
provide the voltage parameter for demonstration, the proposed 
approach can also be applied to other analogue quantities in the 
measurement of remote terminal units. 
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