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New Method for Automatic Fingerprint Recognition 

System: Entropy and Energy – Adaptive Network 

Based Fuzzy Inference System (EEANFIS) 

 
Abstract - Today, in the light of innovations in the field of 

biometrics, biometric images and the processing of biomedical 

images have gained importance. With the development of 

technology, the high rate of failure due to old techniques, such as 

the location of automatic fingerprint recognition methods have 

been overcome. The margin of error in fingerprint identification 

work carried out in order to minimize the number of automatic 

fingerprint identification operations can be found in the 

literature. In this study, a method is developed for automatic 

fingerprint recognition based Entropy-Energy and Adaptive 

Network Based Fuzzy Inference System (EEANFIS). For this 

purpose, first a fingerprint image database was developed. In 

preprocessing phase, the center-edge changing method was 

obtained using the method of variation in distance vector 

images. On the feature extraction and classification phases, the 

pre-processing steps for each of the images obtained from the 

energy, norm entropy, the logarithmic energy entropy and 

threshold entropy values were calculated for feature vector. 

Thus, a feature vector is obtained to which classification stage 

ANFIS classifier inputs are given. Finally, the ANFIS classifier 

in the testing phase of the correct classification performance is 

provided, and the success rate is calculated to be an average of 

85.71 %. This EEANFIS method correct recognition 

performance was compared with the Artificial Neural Network 

(ANN) classifier correct recognition performance by using same 

feature vector and ANN classifier correct recognition 

performance was obtained as 85.06%.  

 

Keyword: Automatic people recognition system; automatic 

fingerprint recognition system; fingerprint images; adaptive 

network based fuzzy inference system classifier; center-edge 

changing method. 

 

I. INTRODUCTION 

Fingerprint indexing and the manual approach have used in 

today’s research to improve the efficiency of manual 

fingerprint identification, although the clever methods are 

used to match a growing demand. Manual fingerprint 

indexing has a very asymmetric distribution which has led to 

divisions. It can read many more than one finger for a few 

species, which does not contribute to the effectiveness of the 

research. The fingerprinting procedure has taken too much 

time and processes of the phases have had very slow [1–4].  

These works have resulted in the development of 

automated fingerprint identification systems in the past few 

decades. Law enforcement agencies led the development of 

fingerprint identification systems. Recently, however, many 

illegal practices have increased identity fraud, and therefore 

the use of biometric technology to identify individuals is 

needed [2–7]. 

Biometric identification of the people can be fixed by 

using different biometric features such as physical 

(fingerprints, face, retina, iris) and behavioral (signature) 

biometrics. For example, fingerprints are physical in nature, 

but depends on the behavior of individuals. Therefore, some 

biometric features are tools, which identify the physical and 

behavioral characteristics [6–8]. 

Similarly, speech is also partly determined by biological 

structure. These individual biological structures together with 

the person’s speaking style generate speech. Often 

similarities are noted between parents, children and siblings 

in their sound, shape and even the signature. The same 

argument can also be applied to the face. Faces may be very 

similar for twins at birth, but during their development the 

faces will change, depending on the person's behavior [10–

13]. 

Are individuals requiring privileged access to particular 

information at this location authorized? Is the service only 

available for registered users? Answers to these questions are 

important to businesses and government agencies. Because 

biometric identifiers are easily misused for fraud, sharing will 

not be allowed. Parties in identifying the type of chips used in 

traditional tools and the knowledge-based methods are 

considered more reliable. Biometric identification is useful 

for the target user (to withdraw money without a pin number), 

improved safety (difficulty of access to pirates), or for 

enhanced activity as may be specified. In law enforcement 

applications, fingerprint-based identification has achieved 

tremendous success. The fingerprint detection tools are 

decreasing costs, offer inexpensive programming power and 

presence of increasing fraud / theft activities, commercial, 

civil and financial areas [10–13].  

Fingerprint identification was necessary due to the 

increasing number of commercial systems based on 

appropriate assessment protocols. The first fingerprint 

verification competition was a good start in terms of the 

establishment of protocols. Fingerprints (biometrics) rapidly 

joined various sites (e.g. mobile phones), the biometric 

system's overall accuracy of impact as well as security and 
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privacy issues have social acceptance, and its analysis is also 

essential [1–15]. 

In this study, a method is developed for automatic 

fingerprint recognition based Energy - Entropy and Adaptive 

Network Based Fuzzy Inference System (EEANFIS) for this 

purpose, first a fingerprint image database was developed. In 

preprocessing phase, the center – edge changing method were 

obtained using variation in distance vector images. On the 

feature extraction and classification phases, energy, norm 

entropy, logarithmic energy entropy and threshold entropy 

values were calculated for each of the images obtained from 

the pre-processing step. A feature vector is thus obtained and 

it is given to ANFIS classifier inputs in classification stage. 

Finally, in the testing phase of the correct classification 

performance of the ANFIS classifier, the success rate is 

provided about average of 85.71%.  

 

II. BIOMETRIC SYSTEMS 

 

In biometric systems, the person in question has no specific 

physical or behavioral characteristics to decide which reality 

is the pattern identification system. Construction of a 

biometric system usable at the point of how important an 

issue is defined by the individual to decide. Depending on the 

application state, biometric authentication system is called 

authentication [1–5].      

In verification systems, the biometric characteristics 

obtained and previously stored in the system. They are 

compared with data stored in patterns to determine the 

individual's true identity. Whether the person is alleged to 

have decided it does not make one to one comparison. 

Verification system is not whether you accept or reject people 

[2–8]. 

To establish the identity of individuals from among 

multiple options a comparison is made individual by 

individual. The application of these terms is often used in the 

biometric field, sometimes with the same meaning as that 

used in verification. 

 

III. ADAPTIVE NETWORK BASED FUZZY 

INFERENCE SYSTEMS CLASSIFIER 

 
In Adaptive Network Based Fuzzy Inference System (ANFIS), 

both artificial neural network and fuzzy logic are used. ANFIS is 

consisted of if-then rules and couples of input-output, for ANFIS 

training is used learning algorithms of neural network [16-18]. The 

structure of ANFIS used for texture image classification in this study 

is given in Figure 1.  
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Figure 1. The structure of ANFIS used for texture image 

classification in this study. 

In this study, it is assumed the fuzzy inference system 

under consideration has 4 inputs (x1, x2, x3, x4) that are 

wavelet energies of sub-images, which are A, H, D, and V. A 

typical rule set with base fuzzy if-then rules can be expressed 

as   
 

 If  x1 A1    x2 B1   x3 C1   x4 D1   then 

usxqxrxpxf 43211 
    (1) 

Where, p, r, q, s, u are linear output parameters. This 

ANFIS is structured by using 5 layers, which are composing 

the input memberships, calculating the firing strength of 

rules, normalization, set the consequent parameters and 

calculating the overall output of ANFIS. In addition to this 

ANFIS has 16 (24) if-then rules. 
 

IV. ARTIFICIAL NEURAL NETWORKS CLASSIFIER 

Artificial Neural Networks (ANNs) have been used to 

model the human vision system [12], [19]. They are 

biologically inspired and contain a large number of simple 

processing elements that operate in a manner analogous to the 

most elementary functions of neurons. NNs learn by 

experience, generalize from previous experiences to form 

new ones, and can make decisions. Neural elements of a 

human brain have a computing speed of a few milliseconds, 

whereas the computing speed of electronic circuits is of the 

order of microseconds. The ANNs are parallel process 

elements which have the following characteristics [19–23]: 

 ANN is a mathematical model of a biological neuron. 

 ANN has process elements which are related to one 

another. 
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 ANN keeps knowledge with connection weights. 

Neural network models provide an alternative approach to 

implementing enhanced techniques. A simple process 

element of ANNs is given in Figure 2(a). A three-layer ANN 

structure is given in Figure 2(b). Here, symbols “


 ” and 

“ / ” represent Log-sigmoid and linear activation functions 

respectively.  
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Figure 2(a). A simple process element of ANNs, (b) A three-

layer ANN structure. 

 

Output of ith process element in this simple model is given 

Equation 2: 
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    (2) 

 

Where, a(.) is an activation function, and i  is the 

threshold value of ith process element. The knowledge 

processes of the process element are formed from two parts: 

input and output. The output of the ith process element is 

calculated with Equation 3 [19].    
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V.  DIGITAL IMAGE PROCESSING STAGES 

In the literature, there is information on a large amount of 

digital image processing hardware and software. In Figure 3, 

the basic steps for image processing are given [8–13]. 

Result

Problem Digital 

image

Pre-processing

Segmentation

Database Detection

 

Figure 3. Basic steps for image processing. 

 

The first step is to obtain the digital image for image 

processing. To do this, a sensor input and output must be 

digitized in the mark. The image sensor can be determined 

according to the application. In next step, the digital image 

obtained after the pre-stage process is the next step. The pre-

production stage of the process follows in order to obtain 

better results from the image. This pre-production stage 

contains the contrast, expansion and noise elimination 

processes. A partitioning operation is performed in the third 

stage. Segmentation is used to dissect an image within its 

structure. Autonomous segmentation of digital image 

processing is one of the most difficult processes. After 

segmentation, the output is the raw data. The computer must 

be able to process this data. At this point, the decision must 

be made on the outer limits of the data in the image of an 

object with regard to whether you are within the inside of the 

line [12–14].  

This section is also called pre-processing, and features the 

extraction stage. At this stage, basic morphological operations 

are introduced in the following order.  

 Gray-Level Screening: To process the image color 

the images are converted to black and white images of 0 and 

1s. Here, 0 and 1 represent black and white colors 

respectively. 

 Histogram Indication: A histogram is used to show 

the gray-level distribution in the image. 

 Image Thresholding: Thresholding is one of the most 

important approaches for the purposes of image segmentation 

[10]. In the thresholding process, the image objects within the 

image are separated from the background.  

The distribution of gray-level (image histogram) is used for 

thresholding images. According to this histogram, the objects 

and background pixels belonging to the image can be divided 

into two main groups. In this case, the easiest way to 

distinguish the object from the background is through a 

histogram. The threshold value T is determined by using a 

histogram. A threshold value T will be used to compare the 

pixel values in the image. Accordingly for any (i, j), if the f (i, 

j) pixel value is larger than the T (i, j) pixel, this f (i, j) pixel 

will belong to a point object, otherwise this f (i, j) pixel 

belongs to the plan, which will be a point in the image. 
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 Canny Edge Extraction Method: Edge extraction is 

one of the basic issues in image processing. The edges of an 

image change against drops, brightness, color, texture and 

shows. Canny edge extraction method is a multi-step 

extraction technique for edges. 

The main purpose of this method is to obtain a good image 

from the edges of unearthed objects. The canny edge 

extraction algorithm contains the items listed below: 

Unwanted details in the structure are reduced by passing 

(m, n) size images f (m, n) through a Gaussian filter noise. 

This process is also expressed in Equation (4) below:    

)n,m(f).n,m(G)n,m(g 
    (4) 

Here,   
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 is in the form of a 

Gaussian filter function. 

 The Center-Edge Changing Method: The center-

edge changing method is one-dimensional representation of 

the two-dimensional border. The center-edge changing 

method can be defined as a drawing. The r in the function 

represents a shape and this shape has a center of gravity 

located on the border between any points representing the 

Euclidean distance. The calculation of the Euclidean distance 

is also expressed in Equation (5) below [13–17]: 

2
m

2
m )yy()xx(r 

   

 (5) 

Where x is the horizontal component of the border of the 

point, xm is the horizontal center of gravity of the point, y is 

the vertical component on the border of the point, and ym is 

the vertical center of gravity of the point. Figure 4 is at any 

point on the boundary. In addition to this point, the horizontal 

position represents the reference angle. The graphic in Figure 

4 shows the sequence of the Euclidean distance, which is 

between center point of square and each points of edges of 

square [12].  
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Figure 4. Application of the center-edge changing 

method for a square. 

 

 Energy: The energy is the integral of powers [18]. In 

signal and image processing, the energy is total power of 

data.   
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         In here, E is energy. N is size.  

 Entropy: The concept of entropy was first used in 

signal processing and in particular in the field of 

communication by Shannon [13–16]. Entropy-based features 

give information about signal definitions. The concept of 

entropy may be a system with the aim of measuring the 

regularity of thermodynamics. It is a well-known concept in 

physics. The entropy measurement method measures the 

degree of the disorder of any sign [14].  

In recent years, entropy has been widely used in the field 

of signal processing and become a concept. Equations for 

different types of entropy widely used in signal processing 

are given below [3–7]: 

Norm Entropy: 

21)(  pandssE
i

p

i    (7) 

Logarithmic Energy Entropy: 

0)0log()(log)( 2

2  andssE
i

i
   

      (8) 

Entropy Threshold: 


i

i )s(E)s(E          (9) 

where  is a positive threshold value  

0)(1)(  iiii sEsandsEs   

VI.  APPLICATION OF AUTOMATIC 

FINGERPRINT RECOGNITION SYSTEM BASED 

ENERGY-ENTROPY AND ADAPTIVE NETWORK 

BASED FUZZY INFERENCE SYSTEM (EEANFIS) 

 
This automatic fingerprint recognition based Entropy-Energy and 

Adaptive Network Based Fuzzy Inference System (EEANFIS) 

method is mainly composed of four stages: pre-processing, feature 

extraction, classification and testing. During these stages are given 

below with: 

1. Pre-Processing Stage: In this stage, firstly a fingerprint images 

database was created. Then the pre-processing steps described in 

Chapter 4 are used. The above-mentioned fingerprint images in the 

first part of this stage have been translated from color to gray 

images. The fingerprint images are converted into gray-level images. 

Then, gray-level image histograms of these gray-level images are 

obtained. The threshold value is determined by utilizing the image 

histogram of each of these fingerprint images. This value is 

determined according to the value above the threshold value for the 
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pixels in the image, and for the output values in the bottom a value 

of 1 has been assigned a value of 0. Thus the picture is separated 

from the background. Once separated from the background image, 

we apply the Canny edge extraction algorithm, thus the edges of the 

objects in these images can be determined. Finally, the center-edge 

changing method is applied to these fingerprint images.  

Morphological and Logical Operations: These are structural 

processes. Sometimes, an image of an object and the background it 

is to be distinguished from determine that the appropriate threshold 

values may not be sufficient. In this case, we need to carry out 

additional processing. The object can be separated from the 

background. These techniques are performed using some 

morphological and logical operators. The morphological and logical 

operators used in this study are gray-level screening, histogram 

indication, image thresholding, Canny edge extraction, and center-

edge changing. The results of these morphological and logical 

operations for fingerprint images are given in Figures 5–7 

respectively. 

 

 

 
 

 

 

Figure 5. Some of fingerprint images used in this study. 

 

 

Figure 6. A fingerprint image obtained after the application of 

the Canny edge detection process and center-edge changing 

methods. 

 

 

Figure 7. Fingerprint image distance vector found by applying 

the center-edge changing procedure.  

 

2. Feature Extraction Stage: In this stage, the fingerprint 

images pre-processed in Stage 1 (Pre-Processing Stage) are 

used. In this feature extraction stage, energy and the three 

different entropy values which are the norm, logarithmic 

energy and entropy threshold values, are calculated for each 

of these 40 x 80 = 3200 fingerprint images. Thus, the size of 

the obtained feature vector at the end of the feature extraction 

stage is 3200 x 4. Half of this 3200 x 4 size feature vector is 

used in the classification stage. Namely, a 1600 x 4 (40 x 40 

x 4) feature vector is given as input to the ANFIS classifier. 

The rest of this 1600 x 4 size feature vector is used in the 

testing stage of the correct classification performance of the 

EEANFIS method used in this study. 

3. Classification using Adaptive Network Based Fuzzy 

Inference System Classifier: This stage is the classification 

stage. Here, half of the 3200 x 4 (40 x 80 x 4) feature vector 

obtained in the feature extraction stage is used for 

classification. This feature vector is given as input to the 

ANFIS classifier. The rest of this 3200 x 4 (40 x 80 x 4) 

feature vector obtained in the feature extraction stage is used 

for testing the correct recognition ratio of the EEANFIS 

algorithm for fingerprint images in the testing stage. The 

training parameters of the ANFIS classifier used in this study 

are given in Table 1.  This EEANFIS method correct 

recognition performance was compared with the Artificial 

Neural Network (ANN) classifier correct recognition 

performance by using same feature vector and ANN classifier 

correct recognition performance was given on Table 2. 
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Table 1. ANFIS structure and training parameters. 

The number of layers  

5 (Input: 4, Rules number: 16,  Output: 1) 

 

Type of Input Membership Functions 

Bell-shaped 

 

Training parameters 

        Hybrid Learning Algorithm (Back-propagation for nonlinear parameters 

(ai, ci) and Least squre errors for linear parameters (pi, qi, ri, si, 

ui) ) 

 

Reaching epochs number to sum-squared error 

0.000001 

 

Table 2. Multi-layer neural network structure and training 

parameters. 

Number of layers 3 

Number of Layer Neurons  Input: 3, Hidden Layer: 10, 

Output: 1 

Initiate weights and biases The Nguyen-Widrow method 

Activation functions Log-sigmoid 

Training parameters 

Learning rule 

Back propagation 

Mean square error 0.00000001 

 

From among these values, for example, the number of 

hidden layers, the number of cells in the hidden layers, the 

learning rate and the value of the activation function, can 

after several tries be selected to provide the best performance. 

The EEANFIS method is developed for automatic people 

recognition from their fingerprint images. The structure of 

this EANFIS algorithm is provided in Figure8.  

 
Figure 8. Structure of EEANFIS algorithm used in this study. 

 

 

4. Testing Stage of Correct People Recognition 

Performance of EEANFIS: This is the 4
th

 stage accomplished 

by using the EEANFIS algorithm to test the accuracy of the 

recognition results. For this purpose, the remainder of the 

3200 x 4 (40 x 80 x 4) feature vector obtained in the feature 

extraction stage is used for testing the correct people 

recognition ratio of the EEANFIS algorithm for fingerprint 

images in the testing stage. So, a 1600 x 4 (40 x 40 x 4) 

feature vector is used in this stage. The detection accuracy of 

the proposed EEANFIS algorithm obtained is given in Table 

3. 
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Table 3. Correct people recognition rates for the proposed EEANFIS approach. 

People 

Number of the correct 

recognition fingerprint 

images 

Number of incorrect 

recognition fingerprint 

images 

Correct recognition 

rate (%) 

People-1 
37 3 91.5 

People-2 
36 4 91 

People-3 
33 7 88 

People-4 
33 7 81.5 

People-5 
30 10 82 

People-6 
32 8 81 

People-7 
39 1 95.5 

People-8 
33 7 81.5 

People-9 
34 6 86 

People-10 
36 4 92 

People-11 
33 7 84.5 

People-12 
30 10 75 

People-13 
32 8 82 

People-14 
35 5 85.5 

People-15 
38 2 95 

People-16 
33 7 83.5 

People-17 
32 8 82 

People-18 
35 5 88.5 

People-19 
39 1 98.5 

People-20 
33 7 82.5 

People-21 
34 6 86 

People-22 
38 2 95 

People-23 
31 9 75.5 

People-24 
33 7 88 

People-25 
34 6 86 
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People-26 
29 11 71.5 

People-27 
33 7 82.5 

People-28 
31 9 77.5 

People-29 
32 8 85 

People-30 
36 4 90 

People-31 
34 6 85 

People-32 
30 10 72 

People-33 
38 2 93 

People-34 
39 1 97.5 

People-35 
33 7 82.5 

People-36 
32 8 80 

People-37 
35 5 87.5 

People-38 
34 6 86 

People-39 
38 2 95 

People-40 
34 6 86 

Total 
1361 239 85.18 

 

A demonstration of the effectiveness of the proposed 

invariant features of the automatic fingerprint recognition 

system based EEANFIS algorithm is given in Table 3. As 

can be seen from Table 3, the overall correct recognition rate 

was about 85.71%. This EEANFIS method correct 

recognition performance was compared with the Artificial 

Neural Network (ANN) classifier correct recognition 

performance by using same feature vector and ANN 

classifier correct recognition performance was obtained as 

85.06 %.  

As shown that these results, the correct recognition 

performance of this EEANFIS method is more superior to 

the correct recognition performance of this ANN classifier. 

 

VII.  EXPERIMENTAL RESULTS AND 

DISCUSSION 

 

In the literature there are many pattern recognition studies 

[19–24]. In these studies, many different feature extraction 

methods are used. In this study, the center-edge changing 

and entropy calculation methods are used for feature 

extraction. There are some advantages to these methods, 

such as invariance under rotation and scaling operations.  

In this study, a method is developed for automatic 

fingerprint recognition based Entropy-Energy and Adaptive 

Network Based Fuzzy Inference System (EEANFIS) 

method. For this purpose, first a fingerprint image database 

was developed. In preprocessing phase, the center and the 

edges were obtained using the method of variation in 

distance vector images. On the feature extraction and 

classification phases, energy, norm entropy, the logarithmic 

energy entropy and threshold entropy values were calculated 

for each of the images obtained from the pre-processing step. 

A feature vector is thus obtained and it is given to ANFIS 

classifier inputs in classification stage. Finally, in the testing 

phase of the correct classification performance of the ANFIS 

classifier, the success rate is provided about average of 

85.71 %.  

The main reason for the incorrect classification of 

fingerprint images concerns similar shapes. A few of the 

fingerprint images are unreliably identified due to their 

similar shape. As shown in these results, the pre-processing 

stage is the most important part of this EEANFIS method for 

the correct recognition of fingerprint images. 

 

 



 

 100 

REFERENCES 

 

[1] Gonzalez RC and Woods RE. Digital Image Processing. 

New York, NY, USA: Addison-Wesley Press, 1993.  

[2] Kulkarni AD. Computer Vision and Fuzzy–Neural 

Systems. New York, NY, USA: Prentice Hall Press, 

2001. 

[3] Shannon CE. A mathematical theory of communication. 

Bell System Technology Journal 1948; 27: 379–423. 

[4]  Tonga S Bezerianosa A Paula J Zhub Y and Thakora N. 

Nonextensive entropy measure of EEG following brain 

injury from cardiac arrest. Elsevier Physica A, 2002; 

305: 619–628. 

[5] Principe JC, Euliano NR and Lefebvre WC. Neural and 

adaptive systems. New York, NY, USA: John Wiley & 

Sons, 2000. 

[6] Overwijk MHF and Reefman D. Maximum-entropy 

deconvolution applied to electron energy-loss 

spectroscopy. New York, NY, USA: Pergamon Micron, 

2000. 

[7] Li X. Edge directed statistical inference with applications 

to image processing. PhD Thesis, Princeton University, 

2000. pp. 131. 

[8] Forsyth DA and Ponce J. Computer Vision: A Modern 

Approach. New York, NY, USA:  Prentice-Hall, 

Englewood Cliffs, NJ., 19-34, 2002. 

[9] Parker J. Algorithms for Image Processing and Computer 

Vision. New York, NY, USA: John Wiley, 1996.  

[10] Shapiro LG and Stockman G. Computer Vision. New 

York, NY, USA: Prentice Hall Press, Englewood Cliffs, 

NJ, 45-67, 2001. 

[11] Shannon CE. A mathematical theory of communication. 

Bell System Technology  

       Journal 1948; 27: 379-423.  

[12] Principe JC Euliano NR and Lefebvre WC. Neural and 

Adaptive Systems. New    

       York, NY, USA: John Wiley, 2000. 

[13] Overwijk MHF and Reefman D. Maximum-entropy 

deconvolution applied to  

       electron energy-loss spectroscopy. New York, NY, 

USA: Pergamon Micron, 2000. 

[14] Coifman RR and Wickerhauser MV. Entropy-based 

algorithms for best basis  

       selection. IEEE Transaction on Information Theory 

1992; 38: 713–718. 

[15] Diaz E. Microbial Biodegradation: Genomics and 

Molecular Biology. Poole, UK: Caister  

       Academic Press. 2008. 

[16] Tannock GW. Probiotics and Prebiotics: Scientific 

Aspects. Poole, UK: Caister   

       Academic Press. 2005.   

[17] Mengesha et al. Clostridia in anti-tumor therapy. 

Clostridia: Molecular Biology in the  

       Post-genomic Era, UK: Caister Academic Press.  2009.   

[18] Rong L and Li D. A web based expert system for milk 

cow disease diagnosis system  

        in China, Computer and Computing Technologies in 

Agriculture 2008; 2: 1441–1445.  

[19] Avci E. A new optimum feature extraction and 

classification method for speaker  

       recognition: GWPNN. Expert Systems with 

Applications 2007; 32: 485–498.    

[20] Avci E. An expert system based on wavelet neural 

network-adaptive norm entropy for scale invariant 

texture classification. Expert Systems with Applications 

2007; 32: 919–926. 

[21]Avci E. Comparison of 

wavelet families for texture classification by using 

wavelet packet entropy adaptive network based fuzzy 

inference system. Applied Soft Computing 2008; 8: 

225–231. 

[22] Avci E. An automatic system for Turkish word 

recognition using discrete wavelet neural network based 

on adaptive entropy. Arabian Journal for Science and 

Engineering 2007; 32: 239–249.  

[23] Dogantekin E Avci E Erkus O. Automatic RNA virus 

classification using the Entropy-ANFIS method. Digital 

Signal Processing 2013; 23: 1209-1215. 

 

 

http://www.horizonpress.com/biod
http://www.horizonpress.com/biod
http://www.horizonpress.com/pro3
http://www.horizonpress.com/pro3
http://www.springerlink.com/content/g802uk1p8131/?p=4e9d5671dcdc445d9ed8ee5ece9d878e&pi=0
http://www.springerlink.com/content/g802uk1p8131/?p=4e9d5671dcdc445d9ed8ee5ece9d878e&pi=0
http://www.sciencedirect.com/science/article/pii/S1051200413000195
http://www.sciencedirect.com/science/article/pii/S1051200413000195

