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Abstract 

Biometric authentication is most reliable and effective method of 

identification verification. Out of many techniques fingerprint recognition is 

generally used technique because of its uniqueness but sometimes this may 

fail in recognition if the finger is dry during enrollment and wet during 

verification. In such cases system fails to recognize the individual and the 

performance degrades. In the paper a fingerprint matching techniques using 

transform features is proposed. The technique was developed for dry 

fingerprints but in proposed model this techniques is applied on wrinkled and 

distorted fingerprint database using various scaling function. The proposed 

model use 1-d dwt using haar, daubechis 1 and daubechis 2 functions. The 

database used for this research is FVC2004 that includes 300 distorted and 

wrinkled fingerprint images. The performance of each function is evaluated by 

ANN classifier. 

Keywords: Fingerprint recognition, Wavelet transform, DWT, Fingerprint 

matching, Classifier, Wrinkled fingerprints 

 

1.  INTRODUCTION 

Biometric authentication involves face recognition, iris recognition, fingerprint 

recognition voice recognition etc. Nowadays many biometric techniques are used in 

every field such as agriculture, security, medical, etc. but the most unique and reliable 

method of authentication is fingerprint recognition.  The most ruling technology at the 

moment uses this techniques. [3] There have been many researches in this area and it 

has been accepted for a long time that fingerprint of every person is unique 
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throughout their lifetime. Fingerprints of every person contain details that make the 

fingerprints unique such as ridges, minutiae points, loops, bifurcation, ridge endings 

etc. This premise of distinctive fingerprints is approved by the analysis of probability 

that almost identical configuration of two distinct finger print can not be found 

[5].The requirement of products that uses biometric authentication is growing day by 

day in both civilian and law enforcement applications. Fingerprint recognition process 

can be categorized in two parts: identification and verification. In verification process 

user provide his identity with his fingerprint such as ID number and system stores it in 

a template. This Verification technique then match this template with fingerprint 

provided by user and redeem the template according to ID number. The identification 

process involves two steps: training and testing. In training part every signal of the set 

is trained using a dataset of training data [8]. From this training data necessary 

features are extracted leaving useless information from which the network is created. 

In the testing phase the signals which are input to model are tested with network 

model and this tested result is then compared with original data. The training process 

is shown in fig 1 [4]. Fingerprint authentication process generally involves three steps. 

Preprocessing, feature extraction, fingerprint matching. Preprocessing involves 

thinning, sharpening, smoothing, binarization. There are 3 basic parts of fingerprint: 

orientation field, ridge frequency field and minutiae set. Preprocessing of image is 

important stride to plainly distinguish the image. Diverse sorts of feature extraction 

strategies are used to separate the level 1, level 2 and level 3 elements, for example, 

minutiae sets, orientation fields and ridges patterns [7]. This paper explains the 

research work done on fingerprint recognition. The analysis utilizes wavelet transform 

procedures since the wavelet transform strategies make low cost framework on 

wrinkled and distorted unique finger impression dataset and look at the legitimacy of 

the calculations and the effect of wrinkling on the standard of the picture. The dataset 

utilized here is FVC2004 which incorporate 50 classes of misshaped fingerprints and 

6 samples for every class. The picture format is bmp 256 gray level, 

uncompressed.We analyze the validity of this feature extraction procedures on 

wrinkled dataset in the paper by testing and preparing the dataset. The fingerprint 

examples are matched utilizing different ANN in view of wavelet components that are 

removed from binary image by feature extraction systems. 

 

Fig 1: Components of Automatic fingerprint recognition process 
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2. RELATED WORK 

Sangram Bana [1] utilized morphological operations FAR and FRR to extract ROI. 

Test was performed utilizing FVC2004 dataset and the outcomes were processed in 

form of verification rate which was upto 65-75%. 

Prasanna Krishnasamy [5] compared the accuracy of two algorithms Bozarth Matcher 

and NIST NBIS on dry and wet fingerprints. The dataset used for this research was 

WWF which include 300 fingerprints out of which 185 are wrinkled. The EER for 

wet fingerprints for NIST NBIS was 3.23% and for Bozarth Matcher 4.12%. 

Pooja Navel [6] et.al proposed wrinkled fingerprint recognition using BPNN and min. 

distance feature between singularities. This propoundModel extracts features of 

fingers, which are not modified even after wrinkling. 

H. Fakourfar [9] proposed fingerprint authentication using commercially available 

minutiae based matching SDK. The final result was computed on both dry and wet 

fingerprints. 

H. Fronthaler [10] proposed feature extraction techniques to detect any impairments 

in fingerprint image by utilizing various complex filters. The experiment was 

performed on FVC2002 and FVC2004. 

Juchang yang [11] built up a fingerprint validation framework utilizing invariant 

moments and non straight BPNN verifier. The test was performed utilizing FVC2004 

dataset and EER was 3.69%. 

Lavanya B N [12] developed minutiae extraction technique by Gabor filter 

enhancement. The research was done using FVC2004 database and the results were 

computed based on sensitivity and specificity. 

Ala Balti [13] proposed classification of fingerprints by computing Euclidean distance 

between the middle point and closest neighbor bifurcation details. The precision was 

processed with BPNN. The outcomes were assessed on FVC2002 database. 

M.P Dale [14] developed fingerprint matching technique utilizing transform features  

and their examinations. The research utilized DFT, FFT, DWT for feature extraction. 

The matching was finished by processing min. Euclidian separation between two 

component vectors. The outcomes demonstrated that DCT and DFT give better 

outcome in contrast with DWT 

Marius Tico [15] proposed recognition model utilizing wavelet transform using 

various scaling functions to extract features. The algorithm was tested using K-nearest 

neighbor classifier.  
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3. PROPOSED WORK 

The architecture of proposed model is shown in fig 2. The following steps were 

performed in this experiment. 

1. Images of the database were enhanced to Cleary identify them. 

2. The cropped images of the database were converted from grey level into binary 

image. 

 

 

 
 

Fig 2: Proposed model 

 

3. The images of the size 99*99 were resized into 256*256 to perform feature 

extraction techniques. 

4. Feature extraction was performed to create feature vectors. 1-D dwt was 

applied on every row of the images using haar, daubechis 1, daubechis 2 

scaling functions.  

5. The feed-forward, probabilistic neural network, and radial basis network were 

applied to classify the misclassified data and test the performance. 

6. The performance of the functions was computed in form of accuracy and equal 

error rate. The results were compared for all 4 functions using neural network. 

 

A. Image preprocessing:   

After image is acquired preprocessing is necessary to clearly identify the image [9]. In 

this experiment there were 300 acquisitions. Fig 3 shows a grey level fingerprint and 

its binarized image. The gray scale image of 99*99 were resized to 256*256 and 

converted into binary image. The threshold value for binarization is user defined, in 

this experiment the threshold was default value 0.5. The binarization function 

performs binarization in 32*32 local area to have the same intensity distribution of 0’s 

and 1’s.  
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(a) (b) 

Fig 3: (a) gray level image (b) Binary image 

 

B. Feature extraction: Feature extraction was performed to obtain wavelet features 

of the images in feature vectors[6].Feature extraction here is done by 1-d dwt using 

haar, daubechis 1 and daubechis 2 scaling function. 1-d dwt is performed on each row 

of the picture to get a solitary point of 1*256 for that row. This row vector is then 

changed over to segment (column) vector and a similar operation is performed on the 

segment (column) vector to get an feature vector of suitable size. In this test there are 

three feature vectors for each function of size 4*300 and 5*300 individually. Fig 4 

demonstrates a binary picture and its segment vector 256*1 utilizing haar, daubechis 1 

and daubechis 2. Feature extraction here retrieve level 1 and level 2 elements of a 

fingerprints. 

 

         
(a)                                              (b) 

Fig 4: (a) binarized image (b) column vector for the binary image. 

 

In fig 4(a) ridges of the upper area and lower area are curve shaped. Fig 4(b) shows 

the minutiae features of the upper area and lower area. From indices 0 to 160 minutiae 

features of the upper area is shown. From indices 160 to 280 lower area minutiae 

features are shown. The graph from 0 to 250 shows that there are big variations in the 

region. If one stage DWT is performed for this 256*1 vector, the graph we get is 

shown in fig 5(a). If 6 stage dwt is performed the resulting graph is shown in fig 5(b). 

The figure 5(b) is the final result. 
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5(a) 

 

 
 

5(b) 

Fig 5: 5(a) graph with 1 stage dwt, 5(b) graph with 6 stage dwt 

 

 

4. FINGERPRINT MATCHING 

The neural networks can be trained to perform pattern classification. The easiest 

neural system utilized for classification comprises of a layer of input unit and a 

solitary yield unit. Neural Network are generally unrefined models depended on 

neural structure of the human brain [13]. An ANN is a data handling worldview that is 

enlivened by organic sensory system (nervous system) for example, the cerebrum that 

handles the information. The main component of this worldview is the novel structure 

of the data preparing framework. It is made out of a substantial number of profoundly 

interconnected handling element(neurons) working in a harmony to take care of 

particular issues [6] .The brain essentially trained by experience and henceforth an 

ANN from preparing with trial inputs. ANNs is similar to individuals that learn by 

examples. An ANN is arranged for particular applications, for example, design 

acknowledgment or information characterization, through a learning procedure. 

Learning in natural frameworks includes conformity to the synaptic associations that 

exist between the neurons. To evaluate the execution of feature extraction methods 

neural system is broadly utilized [4]. In this test the database incorporate 6 tests of 
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each finger. Along these lines, we have 300 examples and each sample is separated 

into 6 sections. Each of this part is prepared by feed forward neural system, 

probabilistic neural system and radial basis neural system.The wavelet transformed 

minutiae features extracted by proposed calculation are put away as feature vectors 

and each of these feature vector is verified with input picture by utilizing these three 

neural systems. The extricated feature vectors are utilized as input information to 

prepare the systems. Every one of the three systems were made by giving the input 

vectors and target vector. The testing is finished by contrasting the training data and 

input data. The outcomes were ascertained in type of performance and EER of each 

scaling function 

 

5. RESULTS  

The FVC2004 dataset was used to test the performance. The database contains 300 

samples of wrinkled and distorted fingerprint images. The algorithm was checked by 

comparing every image of the database against the feature vectors. The false positive 

rate, false negative rate, true negative rate, true positive rate was computed by 

creating confusion matrix for all three feature vector using every network. The 

performance of the network is given in form of accuracy and EER. Tp, Tn, Fp, Fn 

rates are calculated by following formulas.  
 

False negative rate=
𝑓𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑎𝑙𝑙 𝑜𝑢𝑝𝑢𝑡 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒
   (3) 

 

False positive rate= 
𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑎𝑙𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
    (4) 

 

True positive rate= 
𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑎𝑙𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
     (5) 

 

True negative rate= 
𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑎𝑙𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒
    (6) 

 

The performance of the feed forward network  on haar, daubechis 1, daubechis 2 is 

shown in fig 6. 
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 6(c) 

Fig 6: Performance graph of feed- forward, pnn, radial basis network for haar, 

daubechis1, daubechis 2. The table 1 shows the accuracy and EER of each network of 

every function. The formula to calculate accuracy and EER is shown in eq 7 and 8. 

 

Accuracy=   
𝑇𝑛+𝑇𝑝

𝑇𝑛+𝑇𝑝+𝐹𝑛+𝐹𝑝
      (7) 

 

EER=   
𝐹𝑝+𝐹𝑛

𝑃+𝑁
                        (8) 

 

Table 1 : Accuracy and EER of each function by all three networks 

 Accuracy  EER 

Fun. 

name 
FF Pnn Rd FF Pnn Rd  

Haar 98.0% 97.2% 96.0% 0.2 0.0 0.0  

Db1 96.0% 78.6% 74.0% 0.07 0.3 0.4  

Db2 87.0% 98.2% 96.0% 0.3 0.0 0.2  

 

Fig 7 shows the performance graph of radial basis network on each function 
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7(c) performance at db2,spread=2 

 

Fig 7: Performance of radial basis network at haar, db1, db2 functions. 

 

 

6. CONCLUSION 

In this paper a fingerprint matching techniques using transform features is presented. 

The system was utilized for perceiving dry unique fingerprints beforehand yet in this 

analysis the execution of this strategy is assessed on wrinkled fingerprint database. 

The examinations were performed utilizing FVC2004 database and the database was 

adjusted by necessities. The execution of each function is assessed by ANN classifier. 

Three Classifier were applied on every function and matching accuracy was evaluated 

using confusion matrix. The experiment results show that db2 function gives better 

results than haar and db1. Performance can be improved when feature vector is 

obtained using more number of input images. 
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