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Abstract: In the field of electrical network, it is necessary, under different conditions, to learn about the
behavior of the system. Power Flow Analysis is the tool per excellent that allow as to make a deep study and
define all quantities of each bus of the system. To determine power flow analysis there is a lot of methods, we
have either numerical or intelligent techniques. Lately, researchers always work on finding intelligent methods
that allow them to solve their complex problems. The goal of this article is to compare two intelligent methods
that are capable of predicting quantities; artificial neural network and adaptive neuro-fuzzy inference system
using real electrical networks. To do that we used few significant discrepancies. These methods are
characterized by giving results in real time. To make this comparison successful, we implemented these two
methods, to predict the voltage magnitudes and the voltage phase angles, on two Moroccan electrical networks.
The results of the comparison show that the method of adaptive neuro-fuzzy inference system have more
advantages than the method of artificial neural network.

. Introduction

The complexity and the growth in size of electrical systems have necessitated the use of reliable
methods which can solve the problem of power flow analysis. The important development in hardware and
software technologies have transformed the solution of power flow analysis from complex task to a simple
process capable of getting very good solution. The techniques of artificial intelligence have made their own way
into a lot of fields in our lives.

Artificial intelligent (Al) is the ability of machines to use algorithms to learn from data, and use what
has been learned to make decisions like a human would. Unlike humans, though, Al powered machines don’t
need to take breaks or rest and they can analyze massive volumes of information all at once. The ratio of errors
is also significantly lower for machines that perform the same tasks as their human counterparts. Another benefit
of Al is that it allows machines and robots to perform tasks that humans consider to be difficult, boring, or
dangerous. In turn, this will enable humankind to do things that were once thought impossible [1]. A neural
network (NN) is a computing systems inspired by the biological neural networks. Neural networks have a lot of
types, some of them are simple and some others are complex [2]. artificial neural networks (ANN) are effective
in dealing with tricky issues, unclear problems or highly nonlinear with a lot of variables [3]. Adaptive neural
fuzzy inference system (ANFIS) uses the learningalgorithm of the artificial neural network and it is based on
fuzzy logic modeling. Since it combines between the properties of both, it can benefits from the advantages of
each method [4]. The purpose of estimating the state of an electrical system is to process the available
information and produce the best possible estimate of the actual state of this system. It is a numerical processing
scheme that provides a real-time database for many specific functions. With the state estimator we can predict
the values of voltage magnitudes and voltage phase angles and get similar results as the real one [5]. In this
paper we aim to predict the voltage magnitudes and the voltage phase angles at each bus of the two Moroccan
electrical networks, in real time and with great precision using two artificial intelligent techniques and based on
the analyzes we obtained from the study that we did, the method of ANFIS was the best compared to the method
of the ANN in terms of calculation time and precision. The study proposed in this paper is to predict voltage
magnitudes and voltage phase angles using ANN and ANFIS and make a comparison between this two
intelligent methods. A lot of articles dealt with subjects related to artificial intelligent methods in solving
different problems of electrical power. In reference [6], the paper discussed the use of ANN in solving load flow
problem. Other paper of reference [7], treated the study of optimal power flow using ANN. In [8], the authors
used the ANFIS for power flow analysis. In [9], we have a comparison between artificial neural network and
hybrid intelligent genetic algorithm in predicting the severity of fixed object crashes among elderly drivers.
Reference [10] proposed a machine learning for intelligent optical networks. In [11], they applied artificial
intelligence in electrical automation control. In [12], the technique of ANFIS was used for fault classification in
the transmission lines. To improve a large-scale power system stability the authors make a coordination of
ANFIS and type-2 fuzzy logic system-power system stabilizer [13]. ANFIS and other method were used to
calculate the short-term demand forecasting of a multi-carrier energy system and to optimize its energy flow
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[14]. There is other methods that were used in power system, for example a modified models of PSO algorithm
was used to get the estimation solution of power system state [15], in reference [16], the authors used the
continuous Newton’s for power flow analysis, reference [17] proposed the firefly algorithm for solving load
flow problem and authors of paper [18] discussed the optimal power flow based congestion management using
enhanced genetic algorithms. Reference [19] proposed a study about strengths, solutions and limitations of
ANFIS. Regarding the previous contributions, we managed to make at first an international communication and
a journal article. In the communication, we discussed the use of the two numerical methods; Gauss-Seidel and
Newton-Raphson and the artificial intelligence method neural networks to solve power flow problem [20].
Concerning the journal article, it dealt with three numerical methods; Gauss-Seidel, Newton-Raphson and fast
decoupled in addition to the method of neural networks for analyzing the power flow [21]. We succeed to do
also two other international communications. One was about predicting Moroccan real network's power flow
employing the ANN [22] and the other one was about predicting the voltage magnitudes and voltage phase
angles using ANFIS [23]. The main goal of this article is to compare the two intelligent methods Artificial
Neural Network and Adaptive Neuro-Fuzzy Inference System using two real electrical networks. In this article,
the sections will be as follow; the first section will concentrate on bibliographic studies, where we will give an
overview on power flow analysis, artificial neural network, adaptive neuro-fuzzy inference system and
significant discrepancies. The second section will present the application of the two intelligent methods on the
transmission systems. The last section will be dedicated for communication and discussion of the results
obtained.

I1. Bibliographic Studies
11.1. Power flow study

Power system engineering is very important in electrical networks, and the calculation of power system
problems presents the key of power flow analysis. The importance of the latter cannot be overstated. It is
essential for predicting the behavior of power systems in the steady state and as part of the process for transient
conditions. It is a fundamental tool for practicing power system engineers engaged in system planning,
operation, and control [24].

The power flow problem was first solved using the simplest techniques, soon to be replaced by more
sophisticated methods. The development of computer methods for power flow analysis actually benefited from
the availability of only slow-speed, limited-memory computers. It was necessary always to seek techniques that
would optimize their performance, such as Artificial Intelligent techniques. As a resulttoday's commercial power
flow programs offer the advantage of high-speed operation, along with the availability of cheap, high-speed
computers [24].

11.2. Artificial neural networks

Artificial neural networks are computing systems inspired by observations of the biological systems.
An artificial neural network can be described as mapping an input space to an output space [25]. Neurons are
connected to other neurons. The Figure 1 shows a simple model of neural network, we have three neurons feed
the single neuron, with one output come from the single neuron [25].
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Figure 1. Model of artificial neuron

11.2.1. Artificial neural network structure

The basic structure of an ANN consists of artificial neurons that are grouped into layers. The most
common ANN structure consists of an input layer, one or more hidden layers and an output layer. For more
details check references [20-22]. There are two training methods; supervised and unsupervised. The Supervised
training employs a “teacher” to help in training the network by giving it the desired output of the specific input.
The most important thing is that supervised learning demands an input and a corresponding target. Unlike the
supervised training, the unsupervised training doesn’t use a teacher in the training process, so it doesn’t need a
desired output. The learning process is a somewhat open loop, with a set of adaptation rules that govern general
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behavior. Note that unlike the supervised-training method, the unsupervised method does not need a desired
output for each input-feature vector [25].

11.2.2. The feed forward neural network

Backpropagation is an algorithm used in training the network for supervised learning, it is a gradient-
descent approach that it uses the minimization of first-order derivatives to find an optimal solution. As the most
training algorithms, the goal of backpropagation is to adjust the weights in the network to produce the desired
output by minimizing output error. The training algorithm iteratively tries to force the generated outputs to the
desired target output [25]. Most artificial neural network uses supervised learning as a training method, usually
the backpropagation algorithm and the most common model is a feedforward neural network containing the
transfer function “sigmoid” [25].

11.3. Adaptive neuro-fuzzy inference system

Adaptive neuro-fuzzy inference systems (ANFIS) are an integration of neural networks and fuzzy
systems that can give a good modeling approach of difficult problems. ANFIS is a model that combine between
the interpretability of a fuzzy inference system with the adaptability of a neural network.

11.3.1. Adaptive neuro-fuzzy inference systems structure

ANFIS consists of five layers, where each layer corresponds to the realization of a step of a fuzzy
inference system of the Takagi Sugeno type. To get the desired performance of the adaptive system, it’s
important to properly select the type, the number and the parameters of the membership functions. The good
choice of the ANFIS structure facilitate learning and adaptation [4]. For more details check reference [23].

I1.3.2. ANFIS’s learning process

ANFIS applies the mechanism of learning neural networks on fuzzy inference techniques. ANFIS uses
a two-pass learning cycle: forward propagation and back propagation [23]. During the training process,
membership functions parameters are adjusted using the backpropagation learning algorithm, or in combination
with another type of algorithms such as the least square to identify the best prediction value. This combination
makes it possible to build a hybrid method that ameliorates the disadvantages of each algorithm [4].

I11. Execution Of The Methods
In this article we will discuss the results obtained by using the ANN and ANFIS methods to predict
voltage magnitudes (VM) and voltage phase angles (VPA) in two different electrical networks. The first
network is the ONE 14 bus system and the second one is the ONE 24 bus system. These are two real electrical
networks in Morocco.

111.1. ONE 14 bus system power flow analysis
Tests are carried out on the ONE 14 bus system; it represents a portion of the Casablanca electrical network.
The Figure 2 represent this system which is composed of 3 generator buses and 11 load buses.
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Figure 2. One line diagram of ONE 14 bus system
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111.1.1. Application of ANN

Training phase of ANN: The Figure 3 presents the models of ANN to predict VM and VPA. At the left,
we have the NN model to predict VM and at the right, the model to predict VPA. In the training phase we used
the mean square error to test the performance of the ANN models. The following graphs of Figure 4 present that
performance. The curves of train, validation and test does not show any major problem with the training. The
validation and test curves are very similar. The results obtained tell that there is an excellent linear relationship
between outputs and targets.
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Figure 3. ANN models to predict voltage magnitudes and voltage phase angles
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Figure 4. Training performance of the ANN models

111.1.2. Application of ANFIS

Training phase of ANFIS: The Figure 5 presents the models of ANFIS to predict VM and VPA. For the
model at the left to predict VM, we have two inputs which are active and reactive power of load buses, we used
five membership functions type “gbellmf” and one output which is VM. For the model at the right to predict
VPA, we have two inputs which are active and reactive power of load buses and active power and voltage
magnitudes of generator buses, we used seven membership functions type “gbellmf” and one output which is
VPA. The number of epoch that we needed to get the results for VM is 95 and for VPA is 18.

Figure 5. ANFIS models to predict voltage magnitudes and voltage phase angles
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111.1.3. Graphic Representations of voltage magnitudes and voltage phase angles
The following graphs of Figure 6 present the VM and VPA calculated by using ANN and ANFIS methods

compared to Newton Raphson method that we took as reference.

Voltage magnitudes of ONE 14 bus system Voltage phase angles of ONE 14 bus system

Figure 6. Graphic representations of voltage magnitudes and voltage phase angles

111.2. ONE 24 bus system power flow analysis
Tests are carried out on the ONE 24 bus network. The 225 kV transmission and sub-transmission

system network is composed of 24 buses with 6 generator buses and 18 load buses. The Figure 7 presents the
one line diagram of this system, it is the same system used in the paper of reference [22].
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Figure 7. One line diagram of ONE 24 bus system [22]

111.2.1. Application of ANN
Training phase of ANN: The Figure 8 presents the models of ANN to predict VM and VVPA. At the left,

we have the NN model to predict VM and at the right the model to predict VPA. The curves of Figure 9 don’t
show any major problem with the training. The validation and test curves are very similar. The results obtained
tell that there is an excellent linear relationship between outputs and targets.
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Figure 8. ANN models to predict voltage magnitudes and voltage phase angles
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Figure 9. Training performance of the ANN models

111.2.2. Application of ANFIS

Training phase of ANFIS: The Figure 10 presents the models of ANFIS to predict VM and VPA. For
the model at the left to predict VM, we have two inputs which are active and reactive power of load buses, we
used seven membership functions type “gbellmf” and one output which is VM. For the model at the right to
predict VPA, we have two inputs which are active and reactive power of load buses and active power and
voltage magnitude of generator buses, we used seven membership functions type “gbellmf” and one output
which is VPA. The number of epoch that we needed to get the results for VM is 80 and for VPA is 70.

Figure 10. ANFIS models to predict voltage magnitudes and voltage phase angles
111.2.3. Graphic representations of voltage magnitudes and voltage phase angles

The following graphs of Figure 11 present the VM and VPA calculated by using ANN and ANFIS methods
compared to Newton Raphson method that we took as reference.
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Figure 11. Graphic representations of voltage magnitudes and voltage phase angles
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IV. Results Interpretation
In this section, we will compare the results that we get by implementing the two artificial intelligence methods
ANN and ANFIS to predict VM and VPA.

1V.1. The training and calculation time

The Figure 12 presents the training and calculation time. According to the graph at the left, we can
clearly see that the time required by the ANN method for the model to be trained is much bigger than that
required by the ANFIS method. As present the graph at the right, the calculation time required to predict the VM
and the VPA by the ANFIS method is significantly smaller than the calculation time required by the ANN
method.

Training time Calculation time

Figure 12. Graphic representations of training and calculation time

1V.2. Significant discrepancy analysis

The Figure 13 presents the mean square error (MSE) and the root mean square error (RMSE). The
smaller the means squared error, the closer we are to the real value. The bottom line is that, for our case study, it
is clear that the ANFIS method is more advantageous than that of the ANN and combining between several
methods has borne fruit.
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Figure 13. Graphic representations of MSE and RMSE

V. Conclusion

Electrical networks have experienced a huge growth following the development of computer and soft
computing. The calculation of the power flow is necessary to define the state of the electrical network in terms
of stability, reliability and economic cost. The implementation of power flow study allow us to determine all
values wanted. Due to the important of this subject researchers work a lot on new methods to solve problem of
power flow analysis. Using unfamiliar techniques to solve difficult problems in special field is one of the
biggest challenge for researchers around the world. Implementing intelligent methods such as ANN and ANFIS
to predict voltage magnitudes and voltage phase angles was not an easy task due to a lot of challenges such as
the lack of historical data and the difficulties of constructing ANN and ANFIS models. The intelligent methods
perform all the calculations to find the desired values. In this article we tried to compare between two intelligent
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methods ANN and ANFIS. The study shows that ANFIS is stronger compared to ANN in terms of training time,
execution time and average error, which means that combining several methods is very useful to get better
results in terms of time and precision. It’s difficult to choose between them or to say one method is better than
the other, but it depends on the nature of the problem itself and which method is perfect for it. However,
intelligent methods seem useful and effective for these complex problems. Combining several intelligent
methods is useful to overcome the disadvantages and amplify the advantages of each.The intelligent methods
perform all the calculations to find the desired values. In this article we tried to compare between two intelligent
methods ANN and ANFIS. The study shows that ANFIS is stronger compared to ANN in terms of training time,
execution time and average error, which means that combining several methods is very useful to get better
results in terms of time and precision. It’s difficult to choose between them or to say one method is better than
the other, but it depends on the nature of the problem itself and which method is perfect for it. However,
intelligent methods seem useful and effective for these complex problems. Combining several intelligent
methods is useful to overcome the disadvantages and amplify the advantages of each.
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