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Abstract—Fingerprint applications are 

widely used to identify person’s authenticity. 

It is an important part of Biometric system 

which is widely accepted because of its 

accuracy. The frequency domain analysis of 

fingerprint plays an important role for 

authentication of noisy fingerprint images. In 

our project we proposed a new technique to 

extract features of fingerprint image for 

perfect matching. The FFT plays an important 

role for extracting the features. The idea is to 

reduce the computational complexity of FFT. 

This is achieved by implementing CORDIC 

processor for FFT. The CORDIC processor in 

our project is hardware efficient which 

minimises the computational complexity. The 

FFT to extract features of fingerprint is 

implemented using CORDIC processor which 

consumes 390 LUTs on VIRTEX 4 FPGA. 

Keywords- CORDIC algorithm 

1.INTRODUCTION 

All of the trigonometric functions can be 

computed or derived from functions using 

vector rotations, as will be discussed in the 

following sections. Vector rotation can also be 

used for polar to rectangular and rectangular to 

polar conversions, for vector magnitude, and 

as a building block in certain transforms such 

as the DFT and DCT. The CORDIC algorithm 

provides an iterative method of performing 

vector rotations by arbitrary angles using only 

shifts and adds. 

           As shown in Fig. 1, the rotation of a 

Two-dimensional vector p0=[x0 y0] through an 

angle θ to obtain a rotated vector pn= [xnyn] 

could be performed by the matrix product 

pn=R.p0 where R is the rotation matrix: 

  R= ……………….. (1) 

By factoring out the cosine term in (1), the 

rotation matrix R can be rewritten as 

R=  …..(2) 

and  can  be  interpreted  as  a  product  of  a  

scale-factor K= with a pseudo 

rotation matrix Rc,given by 

RC= …….(3) 

The pseudo rotation operation rotates the 

vector p0by an angle and changes its 

magnitude by a  

 

Figure 4.1 .Rotation of vector on a two-

dimensional plane. 

factor K=cos to produce a pseudo-rotated 

vector Pn’=RcP0. To achieve simplicity of 



 
 
 

121 Suraj N. Shinde  
 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2 Issue 2 

February 2015       

hardware realization of the rotation, the key 

ideas used in CORDIC arithmetic are to (i) 

decompose the rotations into a sequence of 

elementary rotations through predefined 

angles that could be implemented with 

minimum hardware cost; and (ii) to avoid 

scaling, that might involve arithmetic 

operation, such as square-root and division. 

The second idea is based on the fact the scale-

factor contains only the magnitude information 

but no information about the angle of rotation. 

1.1ITERATIVE DECOMPOSITION OF 

ANGLE OF ROTATION:  

The CORDICalgorithm performs the 

rotation iteratively by breaking down the angle 

of rotation into a set of small pre defined 

angles, i=arc tan(2
-i
), so that tan I =2

-i 
could 

be implemented in hardware by shifting 

through bit locations. Instead of performing 

the rotation directly through an 

angle CORDIC performs it by a certain 

number of micro rotations through angle 

iwhere 

= …..…….. (4)  

That   satisfies   the   CORDIC convergence 

theorem.  But, the decomposition according to 

(4) could be used only for-

1.74329< <1.74329 called the convergence 

range. Therefore, the angular decomposition of 

(4) is applicable for angles in the first and 

fourth quadrants. To obtain on-the-fly 

decomposition of angles into the discrete base 

αi one may otherwise use the non restoring 

decomposition.0=0  andi+1= i - 

i. iwith i=+1 when i ≥ 0 and i=-1 

otherwise, where the rotation matrix for the  i
th

 

iteration corresponding to the selected 

angle iis given by 

R(i) = Ki  ……….. (6) 

                       Ki=1/  

with being the scale-factor, and the pseudo 

rotation matrix 

Rc(i) = Ki …………. (7) 

Note that the pseudo-rotation matrix Rc(i) for 

the i
th

 iteration alters the magnitude of the 

rotated vector by a scale-factorKi during the i
th

 

micro rotation, which is independent of the 

value of i(direction of micro rotation) used in 

the angle decomposition. 

1.2AVOIDANCE OF SCALING: 
The other simplification performed by 

Voider’s algorithm is to remove scale factor Ki 

from (6) the removal of scaling from the 

iterative micro rotations leads to a pseudo-

rotated vector p’n=Rcp0 instead of the desired 

rotated vector pn=KRcp0, where the scale-

factor K is given by  

 

K= i= ….... (8) 

 

       Since the scale-factor of micro rotations 

does not depend on the direction of micro 

rotations and decreases monotonically, the 

final scale-factor K converges to 

1.6467605.Therefore, instead of scaling during 

each micro rotation, the magnitude of final 

output could be scaled by K.Therefore,the 

basic CORDIC iterations are obtained by 

applying the pseudo-rotation of the vector to 

have, p
’
i+1=Rc(i)pi together with the non 

restoring decomposition of the selected 

angles i ,as follows 

xi+1 = xi -  

yi+1 = yi- ………(9)    

 i+1 = i -  
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CORDIC iterations of (9) could be used in two 

operating modes, namely the rotation mode 

(RM) and the vectoring mode (VM), which 

differ basically on how the directions of the 

micro rotations are chosen. In the rotation 

mode, a vector p0 is rotated through an angle θ 

to obtain a new vector p
’
n. In this mode, the 

direction of each micro rotation is 

determined by the sign of i: if sign of iis 

positive then =1 else =-1.In the vectoring 

mode, the vector p0 is rotated towards the x 

axis so that y component approaches to zero. 

The sum of all angles of micro rotations 

(output angle ωn) is equal to the angle of 

rotation of vector p0, while output 

x
’
ncorresponds to its magnitude. In this 

operating mode, the decision about the 

direction of the micro rotation depends on the 

sign of yi : if it is positive then αi=-1 else 

αi=1.CORDIC iterations are easily 

implemented  in both software and hardware. 

Fig. 2 shows the basic hardware stage for a 

single CORDIC iteration. After each iteration 

the number of shifts is incremented by a pair 

of barrel-shifters. To have an -bit output 

precision, (n+1) CORDIC iterations are 

needed. 

Note that it could be implemented by a 

simple selection operation in serial 

architectures like the one proposed in the 

original work or in fully parallel CORDIC 

architectures the shift operations could be 

hardwired, where no barrel-shifters are 

involved. Finally, to overcome the problem of 

the limited convergence range and, then to 

extend the CORDIC rotations to the complete 

range of± , an extra iteration is required to be 

performed. 

This new iteration is shown in (10) 

which is required as an initial rotation 

through± /2. 

 

xo= -  

yo=    ………………….. (10)    

 o= -i-  

Where = /2 

 

 
Figure 4.2 Hardware Implementation 

of CORDIC Iteration 

2. PROPOSED IMPLEMENTATION 

The flowchart for the implementation 

of the fingerprint recognition system is 

illustrated in the figure below.  

 

Figure 5.1 Block diagram of the process 

 The input image is first converted to 

text files by using MATLAB. The converted 

text file is given to the proposed system 

through VHDL test-bench. On the raw 

fingerprint image Smoothing is done in order 

to remove the noise content from it. Then 

smoothened fingerprint image is allowed to 

undergo the segmentation process to extract 

the ROI. The output of the segmentation 

process is then given to FFT processor to 

extract the global features. In FFT processor 

the twiddle factor calculation will be done by 

the CORDIC algorithm.. The result of FFT 

processor is stored as feature vector in the 

database.After this process, a test image is 

given as the input to the fingerprint 
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recognition system and all the above discussed 

steps are carried out. The output of final 

processing stage is then compared with the 

results stored in the database. Based on the 

percentage of similarities between the two, the 

decision of authentication is taken in terms of 

recognised or not recognised. 

2.1FINGERPRINT IMAGE 

The input fingerprint image is the gray 

scale image of a person, which has intensity 

values ranging from 0 to 255. A gray-level 

fingerprint image of size 640*480 from the 

data base fvc2004 is considered. In a 

fingerprint image, the ridges appear as dark 

lines while the valleys are the light areas 

between the ridges. Minutiae points are the 

locations where a ridge becomes 

discontinuous. A ridge can either come to an 

end, which is called as termination or it can 

split into two ridges, which is called as 

bifurcation. The two minutiae types of 

terminations and bifurcations are of more 

interest for further processes compared to 

other features of a fingerprint image. 

2.2SMOOTHING /NORMALISATION: 

The first step in fingerprint analysis is 

to standardize the pixel intensity by adjusting 

the range of grey-level values to a determined 

mean and variance. This step is important 

sincefacilitates the processing of subsequent 

stages where a typical threshold that depends 

on the intensity and contrast of the image is 

used. Normalization does not change the ridge 

structures in a fingerprint Let I(x,y) the grey-

level value at pixel (x,y), and Mo and Vo the 

desired mean and variance.  

 

The normalized image IN(x,y) is obtained as 

follows: 

(x,y) = +  if I(x, y) ≥ M 

(x,y) =  if I(x,y)<M 

Where M and V are the estimated mean and 

variance of I(x, y). 

2.3 SEGMENTATION: 

The aim of segmentation is to separate 

the foreground from the background areas. 

The foreground is associated with the region 

that contains information of interest with 

ridges and valleys. The background area does 

not contain valid information and it 

corresponds to the region outside the borders 

of the fingerprint. The background presents a 

very low grey-scale variance, whereas due to 

the presence of ridges and valleys the 

foreground exhibits a high variance. The 

method based on variance thresholding is 

employed to perform the segmentation. The 

variance V of a pixel (x, y) is defined as: 

V(x,y)=

 

 

being I(x,y) the pixel intensity, M and N the 

size of the block used to calculated the 

variance, and Exy the average mean of the 

intensity associated with this block. 

E(x, y) 

=  

If the variance result of a block is lower than a 

threshold, the pixel and its surrounding 

neighbours in a window of size W x L are 

segmented. The segmentation of the 

surrounded area is carried out assuming that 

grey-level of pixels belonging to a small 

window W x L have a similar intensity. Using 

this simplification the computational cost is 

substantially reduced without affecting the 

accuracy of subsequent stages. 

2.4 FEATURE EXTRACTION USING 

FFT: 
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We need to know a little about how the 

data is acquired in a system. When data in the 

form of images is acquired in a system, we 

feed the input to an algorithm, which runs on 

the data. For the algorithm to be really 

effective it needs to be computed accurately 

and fast. If the input data is too large or 

redundant, then the algorithm might be less 

effective. To make sure that the data fed into a 

system is not large and redundant, we perform 

feature extraction on our data. Feature 

extraction is basically a case of reducing the 

dimensions of an object. By reducing 

dimensions we mean that data in higher 

dimensional space is transformed into data in a 

few lower dimensions. Once feature extraction 

is performed the input data is transformed to 

give a set of features collectively called as the 

feature vector. This feature vector is supposed 

to extract the relevant information from the 

data set to serve our needs. 

The Fourier transform is used to 

generate the feature vectors based on the mean 

values of real and imaginary parts of complex 

numbers of polar coordinates in the frequency 

domain. 8 mean values of 4 upper half sectors 

real and imaginary parts of each R, G and B 

components of an image are considered for 

feature vector generation. Every complex 

number can be represented as a point in the 

complex plane, and can therefore be expressed 

by specifying either the point's Cartesian 

coordinates. This helps to generate eight 

components of a feature vector based on the 

complex plane. 

The overall structure of the proposed 

CORDIC-based FFT processor model is 

shown in the figure 5.2. The entire model is 

made of the address generation unit, the 

control unit, the dual-port RAM unit, the 4-

point butterfly unit and the CORDIC twiddle 

factor generation unit. The model is 

characterized by setting the parameter, 

sampling points and the accuracy to meet the 

actual needs.  

2.4.1 IMPLEMENTATION OF THE 

POPOSEDSYSTEM: 

 

Figure 5.2CORDIC based FFT Architecture 

The FFT processor presented here is 

based on radix-4 DIT algorithm in which the 

in-place computation is utilized to achieve an 

efficient use of the memories. To perform 

these operations concurrently, a dual-port 

RAM is employed. The control unit involves 

the timing control of the data storage, reading 

and writing to make the corresponding data 

and rotating factor coefficient to flow into the 

butterfly and CORDIC computing unit in 

sequence in FFT operation. Data and address 

of the twiddle factor can be easily generated 

by the counter. The address generation logic is 

very simple and does not limit the throughput 

of the system. 

2.4.1.1 CONTROLLER: 
It performs timing control of data 

storage and inputs flowing into butterfly unit 

in sequence with FFT operation. The 

controller is implemented by using counter 

and FSM. 

 

2.4.1.2 ADDRESS GENERATOR: 
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It generates the corresponding address 

which points to memory location of current 

inputs during a particular time interval. The 

address generation unit is simple and does not 

limit the throughput of the system. The 

address generation unit required for fetching 

data from and writing results into the dual-port 

memory in proper sequence is also 

incorporated within the chip which houses the 

controller as well. 

2.4.1.3 DUAL-PORTRAM: 

Dual-ported RAM (DPRAM) is a type 

of Random Access Memory that allows 

multiple reads or writes to occur at the same 

time, or nearly the same time, unlike single-

ported RAM which only allows one access at a 

time. 

 

Figure 5.3 Block diagram of Dual Port RAM 

It is used to store inputs at any given 

time period. It has been employed to perform 

the operations concurrently. A Dual port 

memory structure and the corresponding 

addressing scheme are used to realize in-place 

data access. The read address and write 

address are enabled by single write enable 

‘Wen’ signals.    

2.4.1.4 CORDIC MODULE: 
The CORDIC processor performs the 

vector rotations to compute the set of 

trigonometric functions. The principle idea of 

CORDIC algorithm is to decompose a rotation 

into a set of micro-rotations. The pipelined 

CORDIC arithmetic unit can be obtained by 

decomposing the CORDIC algorithm into a 

sequence of operation stages. The 

corresponding stages are expressed by the 

following iterative equations 

 Xi+1 = Ki (Xi - Yi*di*(2
-i
)) 

 Yi+1 = Ki (Yi - Xi*di*(2
-i
)) 

Where di = -1 if Zi< 0 

di = +1 if Zi ≥0 

Zi+1 = Zi– di * arctan (2
-i
) 

The single iteration of CORDIC 

operation is shown in figure above. The 

rotations are performed based on angle input. 

The direction of each rotation isdefined by di, 

where di depends on angle accumulator which 

is shown in equations above 

Ki is given by 

Ki = cos(arctan(2
-i
)) and di = ±1 

Product of ki’s can be represented by 

factor K which can be used as single constant 

multiplication either at beginning or end of 

iterations.  

 Ki= cos Ф 

 Ф = arctan(2
-i
)  

Where Ф is the rotation angle 

All the operations can be implemented 

by only addition and shifts. Therefore 

CORDIC algorithm does not require dedicated 

multipliers.All the iterations of CORDIC 

algorithm are performed in parallel by using a 

pipelined structure which ensures highest 

possible throughput, because a CORDIC 

transformation can be performed in each clock 

cycle. 

 

Figure 5.5.CORDIC unit architecture 
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2.4.1.5 FFT BUTTERFLY PROCESSOR: 

 It performs a radix-4 FFT operation on 

inputs at a particular time interval. The 

butterfly computation is the basic operator of 

an FFT processor. The operations of four 

complex additions and three complex 

multiplications need to be performed in each 

sequence of radix-4 butterfly processor. 

Complex multiplication by twiddle factor can 

be replaced by pipelined CORDIC 

algorithm.Radix-4 algorithms have a 

computational advantage over radix-2 

algorithms because one radix-4 butterfly does 

the work of four radix-2 butterflies, and the 

radix-4 butterfly requires only three complex 

multipliers compared to four complex 

multipliers of four radix-2 butterflies.FFT 

calculates DFT with a great reduction in the 

amount of operations, leaving several existent 

redundancies in the direct calculation of DFT. 

For great values of N, the computational 

efficiency is gotten being broken DFT 

successively in smaller calculations.The output 

of each 4-point FFT is a linear combination of 

four signal sampling sequences which are 

rotated and scaled by aK factor. The procedure 

will repeat log4Ntimes. The N point DFT can 

be found out by radix-4 DIT FFT algorithm. 

The algorithm can be described as shown in 

figure 5.6. 

2.4.1.6 MATCHING: 

In this stage we have to verify the 

Fingerprint image. After the feature extraction 

we have to do fingerprint verification. In 

fingerprint matching stage the extracted image 

is verified with the data base. The large 

number of approaches to fingerprint matching 

can be coarsely classified. Here I have used 

the Pattern based matching technique for 

matching the test fingerprint image with the 

stored one. Pattern based algorithms compare 

the basic fingerprint patterns (arch, whorl, and 

loop) between a previously stored template 

and a candidate fingerprint. This requires that 

the images be aligned in the same orientation. 

To do this, the algorithm finds a central point 

in the fingerprint 

 

Figure 5.6 Signal Flow Graph of Radix-4 DIT 

FFT Butterfly 

image and centres on that. In a pattern-based 

algorithm, the template contains the type, size, 

and orientation of patterns within the aligned 

fingerprint image. The candidate fingerprint 

image is compared with the template to 

determine the degree to which they match. 

3. RESULTS OF FPGA IMPLEMENTATION: 

The feature extraction is done by FFT 

processor and stored. The second fingerprint 

image is also processed as discussed above 

and finally matched with testimage which is 

stored. If all bits are matching then a 

Recognise signal will go HIGH otherwise 

Recognize signal will be LOW as indicated in 

figure7.4 

Logic Utilization Used 
Availab

le 

Utilizati

on 

Number of slices 202 67584 0% 

Number of Flip 

Flops 
79 135168 0% 

Number of 4 input 

LUTs 
390 135168 0% 

Number of bonded 

IOBs 
76 768 9% 

Number of GCLKs 1 32 3% 

Table 2.The synthesis results of chosen 

functions 
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The feature extraction is done by FFT 

processor and stored. The second Fingerprint 

image is also processed as discussed above 

and finally matched with test image which is 

stored. If all bits are matching then a 

Recognise signal will go HIGH otherwise 

Recognize signal will be LOW as indicated in 

figure7.4 

 

4. CONCLUSION AND FUTURE WORK 

The implemented architecture is 

dedicated to the computation of trigonometric 

and arctangent functions. Nevertheless, it can 

be adapted to all functions by reprogramming 

the FPGA. Our module uses radix-2 number 

representation, this leads to small circuits by 

replacing the costly multiplications by a small 

number of additions. The obtained operators 

provide very small average error with 

reasonable maximum error what’s makes our 

algorithm suitable for many applications.The 

algorithm runs effectively on the routines 

involved in the fingerprint processing using 

MATLAB. This architecture is implemented 

in low-cost devices like FPGA (Field 

Programmable Gate Arrays). The main 

contribution of this paper  is that the proposed 

system is able to process fingerprint image of 

obtaining features in less time and less area. 
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