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Abstract: 

Load Forecasting plays important role in p lanning and operation of power systems. In this paper, the design of adaptive neuro-

fuzzy inference system (ANFIS), regression model and art ificial neural network (ANN) for load forecasting are applied  in  reg ion 

of Konya. ANFIS approach helps to reduce the problem related with tradit ional method and has the advantage of learning directly 

from the historical data. The ANFIS here uses data such as past load; weather information like humid ity, wind speed and 

temperatures. Once the ANFIS is trained for the past set of data, it can g ive an estimat ion of future load. Regression model is 

closely related to computational statistics; a discipline which also focuses in prediction-making through the use of computers. 

ANN is a data processing model similar to the operation of the human brain and nervous system. ANN can be configured for 

some specific applicat ions, such as pattern recognition, data classificat ion or forecasting through learning process. The a ctual data 

are taken from the meteorological o ffice and Turkish Electricity Trans mission Company (TETC) reg ional directorates of Konya. 

The results obtained from these three methods were comparat ively evaluated.  
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I.  INTRODUCTION 

 

Correct models for electric power load forecasting are 

important to the operation and planning of a power company. 

Load forecasting support an electric utility to take important  

decisions such as generating electric power and purchasing, 

infrastructure improvement and load transition [1]. In addit ion, 

load forecast is crucial for energy suppliers, distribution, 

transmission, financial institutions, and other participants 

engaged in electric energy production, and markets. Load 

forecasts have three categories: short-term forecasts, medium 

forecast and long term forecast. Firstly; short-term forecasts 

are usually used from one hour to one week, secondly; 

medium forecasts are used from a week to a year and thirdly; 

long-term forecasts are used longer than a year [2]. The load 

forecasting made at different time periods is essential for 

various operations within a utility company. In this study, 

maximum temperature, average temperature, maximum wind 

speed, average wind speed and humidity data were used in 

generated forecast models for the region of Konya.  

 

TABLE. I.TES T DATA FOR THE REGİON OF KONYA 

 

Maximum temperature, an average temperature, maximum 

wind speed, average wind speed and humid ity as input data 

were used in energy demand forecast for the region of Konya, 

generated in the forecast models. Also, total energy 

consumption as output data is used. Between January 2012-

December 2014 data are used. There are 36 data in each data 

set belong to these date ranges. It is selected at  random 27 

training data sets and 9 test data sets. The data sets of 

temperature, wind, humidity, data set of population and data 

set of the total energy consumption respectively are provided 

from Konya Regional Directorate of Meteorology, Turkey 

Statistical Institute web page and Turkish Electricity 

Transmission Company. Test data comparing with the training 

data are shown in Table 1. The test data are used in all the 

models proposed in this study. 

 

II.PROPOS ED METHODOLOGIES  

 

In this study, three methods have been proposed for medium-

term load forecasting. The first of these methods is ANFIS. 

Second method is linear regression model. The last method is 

ANN. This chapter describes the methodology of three 

methods. 

 
-ANFIS 

 

ANFIS is a combination of neural network and fuzzy logic 

approaches. Because of this feature, ANFIS carries the 

advantages of both methods. Generally we can explain 

principle of ANFIS operation as follow: Firstly historical data 

are collected and then the data are filtered to obtain data for use 

in training the suggested model. Then these data are randomly 

selected as the training and test data. Neuro-fuzzy systems 

involve two types of FIS: Mamdani FIS [3] and Sugeno FIS [3]. 

As well as, they have been widely accepted; they can also be 

applied to many real-world problems. Mamdani model is 

mainly focused on linguistic fuzzy modeling. Output of 
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Real 
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1082199 10,5 4,79 7,42 2,12 69,16 484 

1087841 21,2 16,31 7,8 1,62 55,2 494 

1107886 8,94 4,56 5,59 1,09 82,08 452 

1120454 11,43 5,86 6,53 1,43 66,79 531 

1152500 29,9 24,02 7,54 2,39 36,21 545 

1178796 15,49 9,05 4,37 0,93 63,43 606 

1188344 8,04 3,85 4,48 0,94 79,25 546 

1208900 32,79 26,21 6,98 1,51 35,58 592 

1211865 25,74 19,62 7,05 1,37 53,9 562 
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Mamdani FIS could be with ease converted to linguistic form 

[4]. The other hand, Sugeno FIS is mostly used in the modeling 

of nonlinear systems [5]. As a result, these two types of FIS are 

appropriate for load forecasting. Networks of ANFIS like fuzzy 

systems are organized into two parts of introduction and 

conclusion and each of these parts are interrelated by network 

rules. The structure network of ANFIS has 5 layers as shown in 

Figure 1. [6]. the function of each layers are expressed as 

follows. First layer; fuzzy fiction process, received from every 

node input signals transferred to the other layer, second layer; 

implementing fuzzy and introduction section, third layer; 

normalizing membership function, fourth layer; implementing 

fuzzy rules and fifth layer, the last one, computes the output of 

fuzzy system, total output of four layers [7]. 

 

 
FIGURE.1.ANFIS  ARCHİTECTURE FOR TWO INPUTS 

AND TWO RULES  

 

-Regression Model  

 

One of statistical models is the regression analysis and it 

makes forecasting by building a strong relationship between 

the variables. There are a lot of techniques in regression model 

for analyzing and modeling many variables such as dependent 

and independent [8].Regression analysis like ANFIS and ANN 

is a model extensively  used for load forecasting. Also, it is a 

statistical model that establishes relation between  dependent 

and independent variables. In limited conditions, it could be 

used to understand causal relationships between the dependent 

and independent variables [9].  Regression models have same 

variables such as β that is unknown parameter, X that is 

independent variables and Y that is dependent variables. In 

different study and applications, various technical terms are 

used instead of dependent and independent variables.The 

relationship between function of X, β and Y is given below: 

 

Y ≈ f (X, β)                      (1) 

 

Generally, the approach is determined as E (Y | X) = f(X, β). 

To realize regression analysis, the function of f should be 

defined.  Occasionally, the function of f is rely  on knowledge 

relationship between Y and X. When this knowledge is not 

available, a flexib le or suitable structure for f is selected [10].  

Regression analyses have some purposes such as forecasting of 

future investigations, a common definition of data form and 

relationship between variables on data. After focusing the 

general regression model, used in this study, we need to 

referring linear regression model. A general equation for linear 

regression model is given below: 

 

Y = f (X1, X2, X3) + ɛ                           (2) 

 

And here f is an unknown function and ε represents error. 

According to equation (2), when there are not enough data, it 

is difficu lt to fo recast function of f. So  it  must be linear as 

given equation (3). 

 

Y = β0 + β1X1 + β2X2 + β3X3 + ɛ            (3) 

 

Here, βi (i = 0, 1, 2, 3) are defined as unknown parameters and 

β0 is defined the intercept term. Therefore, the problem is 

minimized for forecasting of four values rather than the 

complicated infinite dimensional f. 

 
-ANN 

 

Traditional calculat ion techniques based on computer can 

easily solve the any problems, but solution of the problems 

without support computer is not easy. Although unknown 

system such as motor control can’t be control well. But it can 

be easily processed by the brain and nervous system.  The 

mathematical model using by ANN which is similar to the 

operation brain’s structure cannot be fully understood [11].  

Artificial neural networks are usually used for data modeling 

and statistical analysis, this method is considered to alternative 

of nonlinear regression and cluster analysis techniques [12, 13]. 

So, they are often used in data classification and forecasting 

studies. Here is interconnected direction between each neurons 

and this direction is defined as neural network architecture or 

neural network topology [14]. Connection forms can be varied 

divided into two topologies.  These two topologies are shown 

in Figure 2. Simple feed forward topology where information 

flows from inputs to outputs in only one way is shown in 

Figure 2. (a) and simple recurrent topology where some of the 

information flows not only in one way from input to output, 

also flows in against way is shown in Figure 2. (b)  

                                          (a) 
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FIGURE. 2. (a) FEED-FORWARD (FNN) (b) 

RECURRENT (RNN) TOPOLOGY OF AN ARTİFİCİAL 

NEURAL NETWORK 

 

I. APPLICATIO N O F MID-TERM LO AD FO RECASTING 

 

In this section, regression analysis, ANFIS and ANN 

applications were made for mid-term forecasting. 

 

 

 

 

 

    FNN 

  
 

    

     

     

     

     

     

 

Input  

Layer 

Hidden 

Layer 

Output 

Layer 

 



International  Journal  of Engineering  Science and Computing, October 2016         2958                                           http://ijesc.org/ 

-Application of Regression Model  

 

The data used in the regression model are organized as a single 

data set. According to this data set, 6 different mathematical 

models have been established. Mean absolute percentage error 

(MAPE) value is used as performance criteria in  the evaluation 

of models. The dependent and independent variables used in 

the mathematical models are as follows.  

 Model 1 

Dependent variable: Energy Consumption Independent 

variables: Population, Moisture, Maximum Temperature, 

Average Temperature, Maximum Wind Speed, And And 

Average Wind Speed 

 Model 2 

Dependent variable: Energy Consumption Independent 

variables: Population, Moisture, Average Temperature, And 

And Average Wind Speed 

 Model 3 

Dependent variable: Energy Consumption Independent 

variables: Population, Moisture, Maximum Temperature, And 

and Maximum Wind Speed 

 Model 4 

Dependent variable: Energy Consumption Independent 

variables: Population, Maximum Temperature, Average 

Temperature, Maximum Wind Speed, And And Average Wind 

Speed 

 Model 5 

Dependent variable: Energy Consumption Independent 

variables: Population, Moisture, Maximum Wind Speed, 

Average Wind Speed 

 Model 6 

Dependent variable: Energy Consumption Independent 

variables: Population, Moisture, Maximum Temperature, And 

Average Temperature 

 

TABLE .II. TES T DATA RES ULTS FOR REGRESS İON 

MODEL 

 

The results obtained from the regression model are shown in 

Table 2.  

 

 

 

 

 

TABLE .III. MAPE FOR REGRESS İON MODEL  

 
In shown Table 3. Created for each model MAPE values are 

calculated. Table 3. Also shows that the best results from the 

Model-1 are obtained.  

 

-Application of ANFIS 

 

ANFIS model like the regression model is established as a 

single data set. As shown in Figure 3, this model is performed 

according to ANFIS model architecture.   

 

 
FIGURE.3. ARCHİTECTURE OF ANFİS MODEL 

 

 In this study, a model of ANFIS is created by using sugeno 

type FIS structure. There are two  different methods of Sugeno 

type FIS. These methods are Grid partition and Sub 

Clustering. As result of many trials carried out in the study, 

Grid partit ion method is preferred as shown in Table 4.  

 

TABLE. IV. THE AVARAGE ERROR RATE FOR 

ANFİS MODEL  

 

As shown in Table 4. According to test results; constant 

method, 222222 input membership function, linear output 

membership function, trimf and gaussmf input membership 

function models are the most appropriate models.  
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Model 
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Model 

3 

Model 

4 

Model 

5 

Model 

6 

Real 

Energy 

367,7 398,7 369,2 379,5 378,97 399,11 484 

390,98 391,51 400,04 392,54 391,83 392 494 

357,6 357,9 338,4 358,4 347,73 338,43 452 

423,6 423,7 414,1 413,5 424,53 433,43 531 

352,4 374 373,9 342,3 342,23 415,6 545 

413,6 393,2 361,1 349,3 371,02 382,2 606 

522,7 518,88 440,72 508,76 523,48 452,7 546 

374 381,4 338 382,2 338,43 393,7 592 

415,4 382,6 394,2 338,9 393,93 351,2 562 

Grid-Partit ion Method, Sugeno type ANFIS Model, 

Avarage Error 

Optimization 

Method 

Hybrid 

Number of 

input 

membership 

functions 

 

Rule 

Num

ber 

Output membership 

functions 

Constant 

Input membership 

functions 

Trimf Gauss

mf 

 

2 2 2 2 2 2 

     

64 

Average 

Error 

Training 0,01 0,021 

Test 54,9 66,77 
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The average error value of 200 cycles at end of the training 

data in ANFIS model is determined as 0,013 MWh and the 

average error value in test data is determined as 54,86 MWh. 

Result of the trials, when the higher value of cycles was 

applied, it was observed that the case didn’t changed. Training 

processes ended by finding suitable error rates. The data results 

in ANFIS model are shown in  Figure 4. And Table 5. 

Automatically, 64 rules are created by ANFIS for 222222 

models. 
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 FIGURE. 4.FORECASTİNG AND REAL VALUES IN 

ANFIS  

Table. 5. Shows that comparison test value with generated 

model of ANFIS results.  

 

TABLE. V.TES T DATA RES ULTS  FOR ANFIS MODEL 

 

MAPE values of ANFIS model are shown in Table 6. 

According to results of these values, member functions of 

gaussmf model give higher performance than trimf model.  

 

TABLE. VI.MAPE FOR ANFIS  MODEL 

 

-Application of ANN 

 

As shown in Figure 5. ANN model structure is used by using 

neural network to make prediction. This structure is feed 

forward back propagation ANN model and this model have 6 

input and 1 output. Network type of feed-forward 

backpropagation is used in most of the generated YSA models 

for forecasting in literature and Levenberg-Marquardt 

(TRAINLM) algorithm is preferred as training function for 

network type of feed-forward backpropagation. The training of 

the network with TARINLM algorithm provides very quick 

solution [7]. As shown Figure 5, population,  maximum 

temperature, average temperature, maximum wind speed, 

average wind speed, humidity are used as input data and total 

energy consumption is used as output data in the ANN model 

constructed to forecast. In Figure 5. Shown that composed the 

forecast model for ANN is used as input data and as output 

data. Network training is carried out for each network by using 

different number o f hidden layer neurons such as 5, 7, 9, and 

11.  

 

 
 

FIGURE .5. ARCHİTECTURE OF ANN MODEL  

 

As shown Figure 6. Value of ‘’R’’ for all test data is defined as 

0, 99706. Because this value is close to 1, training process is 

ended. 

 

 
FIGURE.6.REGRESS İON CURVES BELONG TO ANN 

MODEL 

 

The least MAPE value can be seen in model of 11 hidden layer 

as shown Table 7. And Table 8. 

 

TABLE. VII. MAPE FOR ANN MODEL 

  

 5  Hidden 

Layer 

7 Hidden 

Layer 

9 Hidden 

Layer 

11 Hidden 

Layer 

MAPE 

(% ) 

 

0,311 0,628 0,275 0,272 

 

Trimf  387 435 486 516 531 541 581 510 544 

Gauss 323 458 500 532 545 558 583 509 549 

Real 

Energy 
484 494 452 531 545 606 546 592 562 

  Trimf Gaussmf 

MAPE (% ) 0.692 0.588 
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TABLE. VIII.TES T DATA RES ULTS FOR ANN 

MODEL 

 

IX.RES ULT 

 

 Load forecasting has a significant role, in the transition to the 

conventional network infrastructure from the s mart  grid 

infrastructure. Electrical systems infrastructure must be 

capable of meet ing the energy demand that will be occurred in 

later years in order to provide quality and uninterrupted 

energy. Therefore, it is important to create accurate and 

reliable forecasting methods. In this way, the energy system 

infrastructure costs can keep optimum level. In the mid-term 

load forecast of Konya, three different methods are used 

including ANFIS, linear regression analysis and ANN. In 

these models, population, maximum temperature, average 

temperature, maximum wind speed, average wind  speed, 

humid ity as input data and total energy consumption as output 

data are used. In this study, MAPE error rate is used for 

comparison. Regression analysis has been created 6 different 

models and in these models the best result has been acquired 

the from model-1. Many different methods have been tried in 

ANFIS model and the best result has been obtained from the 

gausstrimf method. It has been observed the best result get 

from the 11 hidden layer model in many trial results for ANN. 

In this study, the most successful result in all models is ANN’s 

11 hidden layer model with  0,272 MAPE value.  In the coming 

years, the load forecast of Konya region can  be made by using 

non-statistical methods and some expert systems. As a further 

level, researchers can use algorithms to create his own instead 

of using ready learning algorithms. 
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498,61 441,57 453,95 446,4 484 

481,446 461,386 461,362 484,884 494 

445,97 456,72 436,03 435,96 452 

475,87 613,38 531,15 529,61 531 

556,257 475,753 553,1 517,775 545 

591,998 534,85 557,886 582,95 606 

577,2 577,18 577,01 577,15 546 
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