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Abstract— As the world becomes increasingly more digital, the number of passwords people have to manage is becoming a 

serious problem. In order to handle these serious problem, Biometric authentication came to exists. This Paper acquaints a 

highly buffered Banks using Biometrics which also abate the memory space of Bank’s Centralized Database Center by EZW 

(Embedded Zerotree Wavelet) Algorithm. EZW   is simple and efficient. EZW finds its applications in Image Compression, 

Remote Sensing, Medical applications like ECG, EEG. The Proposed System combines the advantages of Biometrics (Finger 

Print Recognition) and Compression (EZW Algorithm). Arduino ATMEGA328 and R305 fingerprint sensor hardware are used 

to implement the Finger print verification and storage system. The security level of accessing the banking locker system can 

be improved and the memory space of the bank’s centralized server can be reduced. 
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I. INTRODUCTION 

In Banks, Locker System is used to access a user’s account details. This Locker System is indulged with two keys. One key is 

utilized by the Manager and another key by the Customer. Both the key is needed to open the locker of a particular user. There 

are some threats in this System like misplacing the key, duplicate key. Time consumption is also high for this System. In 

user/password authentication system, the password might be hacked by intruders [1]. Thus Locker System flounders to provide 

Security for the Banking applications. In order to provide good security, Biometrics is used in Banks. Biometric Recognition 

can be described as an automated method to accurately recognize individuals based on distinguishing physiological or 

behavioral traits [3]. Physiological traits (passive traits) refer to a fixed or stable human characteristics like Finger Print, Hand, 

Face, Iris, etc. Behavioral traits (active traits) measures human characteristics such as Voice, Signature, Typing Pattern, etc. By 

using various Biometric Encryption Technique, Security level is increased in Banks [9], [12]. Even though the security level is 

increased, we required more memory space to save the customer’s data. In the proposed system by compression, the memory 

space is reduced. 

A. Finger Print Recognition 

Finger Print Biometrics is largely regarded as accurate biometric recognition method [11]. Finger Print Scanner are feasible at 

low cost and can be integrated in laptops and other portable devices. Finger Print recognition Systems analyze the unique pattern 

of Ridges and Valleys and the arrangement of small unique marks on the fingerprint called Minutiae. Finger Print Scanner is 

used to detect the user’s identification. The Finger Print Scanner reads the Ridges and Valleys. This is reformed into Digital 

image by means of Analog to Digital Converter. The Finger Print Scanner can be interfaced with some external devices for 

communication. 

B. Image Compression 

For storing the Finger Print Image in the Bank’s Centralized Database large amount of memory is required. To designate 

memory space, Finger Print Image is compressed with the help of any Image Compression Techniques. Image Compression 

removes the redundant information [5]. Image Compression Technique is used to store the appropriate information by reducing 

the memory space. Image Compression is divided into two types-Lossless Compression and Lossy Compression. Various Image 

Compression Algorithms are LZW, EZW, Huffmann, etc. 

II. PROPOSED SYSTEM 

The proposed model involves Biometric along with Compression Technique. In foreign countries, each and every lockers have 

two fingerprint module to unlock the lockers in the banks. It required more memory space for one branch. In order to reduce 

the memory space, all the branches of the bank are centralized and the customer’s data are stored in the centralized database 

center. 

Figure.1 shows that there are two processes (1) Enrollment (2) Verification. For both processes the image is captured 

from the Finger Print Sensor and the image is download from the sensor by SYDemo Software. Then the image is preprocessed 

for extracting the features. The extracted image is compressed and send to centralized data center through transmission channel. 

For Verification, the compressed image is compared with the images stored in the Bank`s Centralized Database. If the 

Fingerprint matches, the user can access his/her account details.  
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Fig. 1: Block Diagram of Proposed System 

A. Preprocessing 

Preprocessing of the fingerprint image involves four steps. 

 Histogram Equalization 

 Low Pass Filtering 

 Binarisation 

 Thinning 

1) Histogram Equalization 

In order to enhance the contrast of the Finger Print image Histogram Equalization is formed. It defines mapping of gray levels 

p into gray levels q such that the distribution of gray level q is uniform. This mapping stretches the contrast for gray levels. 

Since contrast is expanded, the image features can be easily extracted. The probability density function of a pixel intensity level 

rk is given by 

𝑃𝑟  (𝑟𝑘) =
𝑛𝑘

𝑛
                 (1) 

Where 0  rk  1, k = 0, 1, 2….. 255, nk is the number of pixels at intensity level rk and n is the total number of pixels.  

The histogram is derived by plotting Pr (rk) versus rk.  A new intensity Sk of level k is defined as 

Sk =  ∑
nj

n

k
j=0  =  ∑ Pr ( rj

k
j=0  )Equ.                                (2) 

2) Low Pass Filtering 

To smooth the high frequency regions of the image, Low Pass Filtering is necessary. For this purpose, Wiener Filtering is used. 

The in build MATLAB function “wiener 2” is used to obtain the pixel wise wiener filtered image. 

J = wiener2 (I, [m n]) 

Wiener Filter removes additive noise and inverts the blurring simultaneously. The local mean and variance around 

each pixel are estimated as follows. 

Mean𝜇 =
1

𝑀𝑁
∑ 𝑎(𝑛1, 𝑛2)𝑛1,𝑛2∈𝜂        (3) 

Variance𝜎2 =  
1

𝑀𝑁
∑ 𝑎2(𝑛1, 𝑛2) − 𝜇2

𝑛1,𝑛2∈𝜂     (4) 

Where  is the N-by-M local neighborhood of each pixel in the image A.  Then low pass filtering is obtained by 

creating a pixel wise Wiener filter using these estimates 

𝑏(𝑛1, 𝑛2) = µ +
𝜎2−𝑣2

𝜎2 (𝑎(𝑛1, 𝑛1) − µ)                       (5) 

Where 2 is the noise variance. 

3) Binarization 

Finger Print image Binarization is to transform the 8-bit gray scale image to a 1-bit image with ‘0’ value for Ridges and ‘1’ 

value for Valleys. The Ridges in the Finger Print are highlighted with black color while Valleys are highlighted with white 

color. There are two types of Binarization-Global Binarization and Local Binarization. A Local Adaptive Binarization method 

is performed to binarize the Value (1 or 0) according to the intensity mean in a local neighborhood (8x8 pixels), as follow 

µ𝑚𝑛 =
1

𝐴𝐵
∑ ∑ 𝐺𝑠(𝑖, 𝑗)

(𝑚+1)𝐴−1
𝑖=𝑚𝐴

(𝑛+1)𝐵−1
𝑗=𝑛𝐵   Equ.            (6) 

µmn   - mean of region (m x n) thsub image of  

Size (AXB).       

Gs (i, j) - original image 

The pixel wise binarized image is given by  

Inew(n1, n2) = {
 1 , if Iold(n1, n2) ≥ µmn

0,                    otherwise
                 (7) 
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B. Thinning 

The width of the finger print pattern carries no useful. Information for our purpose and is eliminated by thinning operation. 

Thinning algorithms reduce connected patterns to a width of a single pixel while maintaining their topology. Modified Zhang 

Suen Thinning Algorithm gives better results compared to others. It repeatedly details contour points respecting a number of 

condition until one-pixel wide 8-connected skeleton is obtained. 

C. Minutiae Extraction 

After a finger print is preprocessed, the next step is to extract the minutiae from the preprocessed image. The crossing number 

method is used to perform minutiae extraction. This method extracts the ridge endings and bifurcation from the skeleton image 

by examining the local neighborhood of each ridge pixel using a 3x3 window. 

After Minutiae Extraction the image will be stored along with the details of the user in the Banks Accumulated Database. 

III. HARDWARE MODEL 

The prototype model is designed in such a way that the fingerprint is scanned by the sensor which is interfaced to PC. The 

image is download from the sensor to the PC by means of SYDemo software. The image is then preprocessed and Compressed 

by EZW algorithm in MAT Lab simulation. The signal from the MAT Lab is send to ATMEGA328 Arduino. Based on the 

signal, Arduino control the LED which is the locker in the bank. 

 
Fig. 2: Block Diagram of Prototype Model 

Fig. 2 shows the proposed hardware model which consists of a R305 Fingerprint Sensor interfaced with PC. A 16x2 

LCD Display is used to display the name of the user, whose locker is opened. RGB LED is used to indicate the opening/closing 

of locker. If LED is Red, then the person`s Fingerprint is not matched and "No Valid Finger on the Sensor" will be displayed 

in LCD. If LED is Green, then the Fingerprint is matched and locker of the particular person is opened and Name of the user 

will be displayed in the LCD. 

A. R305 Fingerprint Sensor 

R305 fingerprint sensor is UART (Universal Asynchronous Receiver and Transmitter) based Fingerprint. This is a Fingerprint 

Sensor with TTL UART interface for direct connections to microcontroller UART or to PC. The user can store the Fingerprint 

data in the module and can configure it in 1:1 or 1: N mode for identifying the person. A level converter (MAx232) is required 

for interfacing with PC serial port. After interfacing with PC, SYDemo software is used to download the image from the sensor 

for further processing. 

 
Fig. 3: R305 module and fingerprint recognition with various features 

B. Arduino 

Arduino is a basic single board Microcontroller designed to make application, or environments easily adaptive. The hardware 

consists of a broad designed around an 8 bit Micro controller or 32 bit ARM. Current models feature think like a USB interface, 

analog inputs, and GPIO pins which allows the user to interface additional boards. 
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Fig. 4: Arduino UNO 

Arduino boards are relatively inexpensive compared to other Microcontroller platforms. Arduino software on windows 

and Linux OS. Simple, Clear programming environment. Arduino software is published as open source tools, available for 

extension by experienced programmers. Arduino is based on Atmel's ATMEG8 and ATMEGA328 µC’s. 

C. RGB LED 

RGB (Red, Green, Blue) LEDs look just like regular LEDs, however, inside the usual LED package, there are actually three 

LEDs, one red, one green and yes, one blue. By controlling the brightness of each of the individual LEDs you can incorporate 

any color you want. The RGB LED has four leads. There is one lead going to the positive connection of each of the single 

LEDs within the package and a single lead that is connected to all three negative sides of the LEDs. 

 
Fig. 5: Diffuse RGB LED 

Here Red Color indicates that the locker is close. Green Color indicates that the locker is open. 

 
Fig. 6: Output in Serial Monitor while Verification  

 
Fig. 7: Output in Serial Monitor while Enrolling and Verification  
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Fig. 8: Hardware Model 

Figure.6, 7 &8 shows the output of the prototype hardware model. For enrollment, the output was displayed in the 

serial monitor because this is the back end. The verification process is the front end i.e. in user mode which display in the LCD 

to the user. 

IV. SOFTWARE MODEL 

To compress the Finger Print Image from R305 finger print sensor, EZW Image Compression Algorithm is used. Wavelet-

based coding supplies fundamental improvements in image quality at higher compression ratios [13]. In EZW algorithm, the 

compression ratio is better than other wavelet algorithm. The image from the sensor which is download using SYDemo software 

for compression. 

A. EZW (Embedded Zerotree Wavelet) 

EZW is a transparent, effective and computationally rapid Image Compression Algorithm [5]. A bit rate is selected by the user 

and the image will be encoded to the selected bit. Here the Bit Streams are generated in order of importance. The important 

distinctive of EZW is that the same spatial location is used to represent the wavelets coefficients in different sub bands. EZW 

finds its pertinence in Image and Video compression, Medical applications like ECG, EEG, Remote Sensing, etc.., EZW 

Algorithm has two objectives (1)For a given compression rate, optical image quality can be obtained. (2)Simple Bit Stream 

Truncation is used to obtain Incremental quality levels. EZW Algorithm yields better compression results when compared with 

other algorithms. EZW Algorithm Maintain Two Separate Lists. (1) Dominant List- coordinates of coefficients not yet found 

significant. (2) Subordinate List-magnitudes of coefficients already found to be significant. 

B. Dominant Pass (Significance Map Pass) 

Zero tree coding is used in significant map and can be signified by four symbols: (1) Zerotree Root (ZTR)-coded when value 

is a root of zerotree. (2)Positive Significant (POS)-coded when value is larger than threshold. (3)Isolated Zero (IZ)-coded when 

value is smaller than threshold but not a root of zerotree. (4)Negative Significant (NEG)-coded when value smaller than minus. 

C. Subordinate Pass (Refinement Pass) 

It provide next lower significant bit on the magnitude of each coefficient on subordinate list. Halve the quantizer cells to get 

the next finer quantizer. If magnitude of coefficient is in upper half of old cell, provide ‘1’. If magnitude of coefficient is in 

lower half of old cell, provide ‘0’. 

V. RESULT AND DISCUSSION 

 
Fig. 9: Preprocessing Result 
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Fig. 10: Preprocessing Result 

 
Fig. 11: Compressed Image 

The figure.9 & figure.10 shows the result image of each stage while processing. Then the final image was compressed 

(figure.11) and stored. The compression ratio is improved here compare to other [5]. 

VI. CONCLUSION 

This Paper has designed a Biometric Finger Print Module for Banking Applications along with Image Compression Technique. 

To improve the security level in the bank locker system, the proposed prototype uses Arduino Uno hardware and Finger print 

sensor module. The storage space is minimized by compressing the finger print images by using Embedded Zero tree Wavelet 

algorithm. The Result obtained is comparatively better than existing Compression Techniques. This paper provides better 

security for bank locker users. It also simultaneously reduces the memory space of the database of the bank’s centralized server. 
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