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Abstract – In bi-dimensional object concepts, the 

implementation of an image segmentation and feature 

extraction is typically applied over many pattern recognition, 

retrieval, or computer vision applications and tousled with 

several parameters of concerns, resulting in a model that is 

hard to explore and understand. This paper presents a 

collection of MATLAB source code based on Gabor wavelet 

algorithms and filter parameters used in image processing 

techniques. The algorithms are experimentally applied to 

image to understand the strengths of Gabor wavelet. 

Different feature extraction parameters are used for different 

representations of the filters and filtered images in the 

algorithms. Experimental results demonstrate the 

effectiveness and efficiency of the image localization scheme 

inherent in the Gabor wavelet technique. 
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I.  INTRODUCTION 
 

Gabor wavelet function is an excellent mathematical 

tool for illustrating concepts in many image processing 

application such as texture analysis, segmentation, 

classification and many more as demonstrated in the work 

of Lyons et al. (1998); Lee and Wang (1999); Arivazhagan 

et al. (2006). The Gabor wavelets are usually called Gabor 

filters in the scope of application. Gabor filters are now 

being used extensively in various computer vision 

applications. In pattern or vision recognition, image pre-

processing is usually the first and essential steps. In all 

such applications, it is necessary to analysis the spatial 

frequency components of an image in a localized function. 

To deal with the localized frequency analysis, it is 

essential to have a Gaussian envelope whose width adjusts 

with the frequency of the complex sinusoids. Gabor 

wavelet representation captures salient visual properties 

which are popular in the pattern recognition and image 

processing communities for texture segmentation. The 2D 

Gabor functions are similar to enhancing edge contours, as 

well as valleys and ridge contours of an image. Gabor 

filters have been widely used in image texture analysis due 

to their nature of spatial locality, orientation selectivity, 

and frequency characteristic (Arivazhagan et al., 2006). 

The power of the Gabor filter can best be demonstrated by 

applying it to a complex problem and distortion invariant 

object recognition (Wiskott et al., 1997). 

The idea of using Gaussian windows to describe signals 

goes back to Gabor (1946). Bi-dimensional (2D) Gabor 

wavelets are biological motivated convolution kernels in 

the shape of plane waves restricted by a Gaussian envelop 

function. The Gabor wavelet representation allows 

description of spatial frequency structure in the image 

while preserving information about spatial relations. A 

complex-valued 2D Gabor function in space domain is a 

plane wave restricted by a Gaussian envelop(Olshassen & 

Field, 1996; Wiskott et al., 1997). Figure 1 shows an 

example of a representation of a Gabor wavelet in both 3D 

plots and intensity plots of their amplitude along the image 

plane. 
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Fig.1. Representation of a Gabor wavelet in 3D plots in 

(left) and in the intensity plots (right). 

 

An image can be represented by Gabor wavelet 

responses by convolving Gabor filters of different spatial 

frequency/size and orientation/rotation. Both amplitude 

and phase are captured describing spatial frequency 

structure and spatial relations. The set of convolution 

coefficients for kernels of different orientations and 

frequencies at one image pixel is called a jet (Wiskott et 

al., 1997 & Lyon et al.,1998).  

The theoretical concept of Gabor wavelet is easy to 

understand, but how to achieve the discrete algorithms for 

practical applications is challenging. This paper therefore 

helps in gaining an understanding of what the Gabor 

transform tools can do especially in image processing and 

what result can be expected from its use. The approach we 

will present makes use of a 2D representation of the Gabor 

filter. 

 

II. OVERVIEW OF ALGORITHMS 
 

Gabor wavelets form class of self similar functions 

which yield better localization in space. A complex 2D 

Gabor filter in the image domain (x, y) consists of real and 

imaginary parts. The Gabor filter is basically a Gaussian 

(with variances x and y along x and y-axes respectively) 

modulated by a complex sinusoid (with center frequencies 

U and V along x and y-axes respectively) described by 

equation (1). 

 
(1) 
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Equation (1) can be computed using Algorithm1 written 

in MATLAB source code by Poursaberi (2004). 
Coding Algorithm 1: Gabor filter generator ver l. 
Inputs (parameters): Image, Variances and Center frequencies. 

Outputs: output filter (G) and filtered image (gabout) 
 

 function [G,gabout]= gaborfilter (I,Sx,Sy,U,V)): 

    if isa (I,’double’)~ =1 

         I=double(I); 

     End 

 

     for x = -fix(Sx):fix(Sx) 

          for y = fix (Sy):fix(Sy) 

               G(fix(Sx)+x+1, fix(Sy)+y+1)=(1/(2*pi*Sx*Sy))* 

                       exp(-.5*((x/Sx)^2+(y/Sy)^2)+2*pi*i*(U*x+V*y)); 

        end 

        end 

      Imgabout = conv2(I,double(imag(G),’same’); 

     Regabout = conv2(I,double(real(G),’same’); 

 

 Gabout = uint8(sqrt(imgabout.*imabout+Regabout.*Regabout)); 

 

Another description of Gabor filter is given by equation 

(2): 

 
(2) 

Where  ,   

 = the orientation at pixel (x,y) and  

f = frequency of the sinusoidal function.  

In algorithm 2 (Poursaberi, 2004) the Gabor filter of an 

image is coded using the method of equation (2). 

 

Coding Algorithm 2: Gabor filter generator ver2 

Inputs (parameters): Image, Variances along x and y-

axes, Orientation () and Frequency (f) of the sinusoidal 

function. 

Outputs: output filters (G) and filtered image (Gabout) 

 

     function [G.gabout]= gaborfilter (I,Sx,Sy,f,theta); 

       if isa(I,’double’)~=1 

          I = double(I); 

    End 

 

    for x = -fix(Sx):fix(Sy) 

         for y = -fix(Sy):fix(Sy 

              xPrime = x *cos(theta) + y *sin(theta); 

             yPrime = y *cos(theta)-x*sin(theta)’ 

           G(fix(Sx)+x+1fix(Sy)+y+1) = exp(- 

   .5*((xPrime/Sx)^2+(yPrime/Sy)^2))*cos(2*pi*f*xPrime); 

end 

end 

 

 

Imgabout=conv2(I,double(imag(G),’same’); 

Regabout = conv2(I,double(real(G),’same’); 

 

gabout = sqrt(imgabout.*Imgaout +Regabout.*Regabout); 
 

Equation (3) presents another description of Gabor filter 

as follows: 

 
(3) 

i = 1, 2 

 
 

Other parameters are as earlier defined (Poursaberi, 

2004) and this is implemented as in Algorithm 3. 

 

Coding Algorithm 3: Gabor filter generator ver3 

Input (parameters): Image, Variances along x and y-axes, 

orientation () and Frequency (f) of the sinusoidal function. 

Outputs: Output filters (G) and filtered image (Gabout) 

 
function [G1,G2, gabout 2] = gaborfilter (I,Sx,Sy,f,theta); 

  If isa(I,’double’~ =1 

      I=double(I); 

end   

 

for x = -fix(Sx):fix(Sx) 

     for y = -fix(Sy): fix(Sy) 

         M1 = cos (2*pi*f*(x*cos(theta)); 

        M2= cos (2*pi*f*(x*cos(theta)+y*sin(theta))); 

       G1(fix(Sx)+x+1, fix(Sy)+y+1)=(1/(2*pi*Sx*Sy))* 

                   exp(-.5*((x/Sx)^2+(y/Sy)^2))*M1; 

      G2(fix(Sx)+x+1, fix(Sy)+y+1) = (1/(2*pi*Sx*Sy))* 

                  exp(-5*((x/Sx)^2+(y/Sy)^2))*M2; 

    end  

end  

 

Imagabout1=conv2(I,double (image(GI)),’same’ 

Regabout1=conv2(I,double (real (GI)),’same’ 

 

Imagabout2=conv2(I,double (image(G2)),’same’ 

Regabout2=conv2(I,double (real (G2)),’same’ 

 

Gabout1=sqrt(Imgabout1.*Imagabout1+Regabout1.*Regabout1); 

Gabout2 = sqrt(Imgabout2.*Imgabout2 + Regaut2.*Regabout2); 

 

Another version is the Bi-dimensional Gabor filter with 

DC component compensation (Movellan, 2002 & Dias, 

2008). By subtracting the DC response, the Gabor filters 

become insensitive to the overall level of illumination. 

This version of the 2D Gabor filter is basically a bi-

dimensional Gaussian function centered at origin (0,0) 

with variance(s) modulated by complex sinusoid with 

polar frequency (F,W) and phase (P) describe by equations 

(4) and (5). 

 

 
(4) 

While in polar coordinates, the expression becomes:  

 

 (5) 

The Gabor filter implementation is as follows (Movellan, 

2002 & Dias, 2008): 
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Coding Algorithm 4: Gabor filter generator 

Inputs (parameters): Image, Variances along x and y-

axis, Frequency of the sinusoidal function and the 

orientation of Gabor filter. 

Outputs: output filter (G) and output filtered image 

(GaborOut) 

 

   function [G,GABOUT] = Gaborfilter (I,S,F,W,P); 

      if is a (I,’double’) =1  

            I=double (I); 

     end 

 

     size = fix (1.5/5); % exp(-1.5^2*pi) <0.1% 

     k=1; 

     for x= -size: size 

           for y= -size: size 

 

    G(size+x+1, size+y+1 )=k*exp(-pi*S^2*(x*x+y*y))*. . . 

       (exp(j*pi*F*(x*cos(W))+P))- 

        exp(-pi*(F/S)^2+j*P)); 

     end  

end  

 

GABOUT=conv2(I, double(G),’same’); 

 

III. ILLUSTRATIVE EXPERIMENTAL RESULTS 
 

The MATLAB codes of the aforementioned algorithms 

were used to apply 2D Gabor filter to an input image of a 

door of size 640 by 480 pixels(Figure 2) with the 

following parameters: scales = 2 by 5; Orientation = 

0.7854 by 1.5708; Frequencies = 0.5 by 2 and center point 

= 13 by 13. Experimental results presented are particular 

to the type of image used. It is noteworthy that other 

existing implementation of Gabor filter varied in 

performances depending upon the image, coding methods 

and parameters used. Moreover, to draw useful 

conclusions, we categorize the Gabor wavelet function in 

four groups such as the Gabor filter (Figure 3), Gabor 

kernel (Figure 4), Gabor filtered image (Figure 5) and 

Gabor response (Figure 6). 

 
Fig.2. The original image of size 640 by 480 pixels. 
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Fig.3. Gabor filters with different scales, frequencies and 

orientation in intensity plots. 
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Fig.4. Gabor kernels with different scales, frequencies and 

orientations in 3D plots. 

 

 
Fig.5. Gabor filtered image with different scales, 

frequencies and orientations 
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Fig.6. Gabor response of the image with different scales, 

frequencies and orientations. 

 

Another option would be use approach of visualizing 

Gabor filter responses to 2D signals which is presented in 

Figure 7 through 10 respectively following the ideas of an 

improved 2D Gabor filter by Dias (2008). 

 
Fig.7. Input grayscale image of a door 
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Fig.8. Real part (left) and the Imaginary part (right) of the complex filter output. 
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Fig.9. Real part (left) and the Imaginary part (right) of the complex kernel. 
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Fig.10. Magnitude (left) and phase (right) of the complex response output. 
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In Figure 10, the response for Gabor filter oriented 

horizontally. The colour white indicates high amplitude of 

response, and black indicate low response. You will 

observe that the regions of vertical stripes are highlighted. 

 

IV. CONCLUSION 
 

This paper has investigated the feasibility of applying 

2D Gabor wavelet for feature extraction of image signals. 

The Gabor filter used in the feature extraction has been 

demonstrated in this paper to be powerful in texture 

analysis. By using Gabor wavelets, the image features can 

be accurately located for image analysis. The algorithms in 

the paper can be applied to a gray scale image, a synthetic 

image and a cartoon-like image. This work offers various 

possibilities of using Gabor wavelet in terms of academic 

research and image recognition, retrieval, or computer 

vision applications. 
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