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An independent research under an article “Vehicle Classification Using 

Fourier-Mellin Transform” proposes a technigue for vehicle classification which find 

guidelines for developing a vehicle classification using an explicit component. The image 

processing and characteristics of image data are used to develop the vehicle 

classification. In addition, the research can be applied to benefit forensic science. The 

method uses the Fourier-Mellin transform to extract translation, rotation and scale 

invariant features and then use two dimensional (2-D) to find the correlation coefficient 

between features in the database and features derived from the test image.  The 

experimental work is divided into 2 parts: the first part is a process of learning which 

image features from a trainning set are stored — the feature from the part of the front 

grille, front headlight and front grille in a combination with the headlight of 200 Toyota 

car images which have a size of 256x256 pixels. The second part is the process of 

vehicle classification of the test image set which are derived from different 100 images 

of five series (20 images per a serie). In the experiment, feature comparison of the 3 

sections- the front grille, front headlight and front grille in combination with the 

headlight- are investigated. In the conclusion, the highest accuracy of verhicle 

classification is 86 percents which is derived from features of the front grille part.
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 : http://www.one2car.com/CarInfor/cardetails.aspx?caridx=L17090265&row=2, 2010 
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 : http://www.car2care.com/forum/viewtopic.aspx?page=2&t=7039, 2010 
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 : http://www.one2car.com/CarInfor/cardetails.aspx?caridx=I30090249&row=2, 2010 

 

 
 

 2.4  Wish 

 : http://www.one2car.com/CarInfor/cardetails.aspx?caridx=H12090483&row=2, 2010 
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 2.5  Camry 

 : http://cars.gidblog.com/2007/08/04/camry-price-increase/, 2010 

2.1.2  (Image Analysis)  
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2.1.2.1  (Image Segmentation)  

  

 gray scale  

 

  

2.1.2.2  (Feature Extraction)  

 shape  color  

2.1.2.3  (Image Transforms)  

 spatial frequency 

2.1.2.4  (Pattern Classification)  
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Gray-Scale

2.1.3  (Gray-Scale Image)  monochrome 
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 256  (0-255)  
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2.1.4  (Segmentation)  

 gray scale  

 

   

 0  1  " " 

 x  y  

y = mx + b    (2.1) 
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 y   x2, y1/3, xy   

 

 
 

 2.7  function linear 

 :  http://th.wikipedia.org/  

2.1.5  (Image Enhancement) 
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1.  (Spatial Domain) 

2.  (Frequency Domain) 
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- Single Pixel Methods 

- Gray Level Transformations  histogram equalization  contrast 

stretching 

- Arithmetic/Logic Operations  image subtraction  image averaging 

- Multiple Pixel Methods 

- Spatial Filtering  smoothing filters  sharpening filters 
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 fourier transform 
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Gray Level Transformation  intensity  intensity  

 function 

 

   (2.2) 

   

 r  input intensity  s  output intensity 

 

 
 

 2.8  

 : ISAN-DSP Group. Image Enhancement in the SpatialDomain, 6 

 

  –  

  r  s  s = T(r)  

 

 –   2.8 

 4   (linear) 

 (log transformations)  (Power-law transformations) 

 :  

contrast enhancement 
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 : ISAN-DSP Group. Image Enhancement in the Spatial domain, 7 
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 Log Transformations  Log Transformations  

2.10 

      (2.3) 

 r  input intensity  s  output intensity 
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 : ISAN-DSP Group. Image Enhancement in the Spatial domain, 8 

 c  r  0  log curve  2.10  
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 2.10 

 (the 

power – law transformations)  2.11 

 

 0 - 106 Hz  

Power-Law Transformations 
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 2.11  Power-Law Transformations 

 : ISAN-DSP Group. Image Enhancement in the Spatial Domain, 9 
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2.  (image processing)  
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 fourier transform 
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  “Energy Compaction Property” 

 

  “Correlation Reduction Property”  

 

 

2.1.7  (Frequency) 

  2   

1.  (High Frequency)  

  

2.  (Low Frequency)  

 

2.1.8  (Fourier Transform) 

 Baptiste Joseph 

Fourier  1768-1830 

 

  harmonic  fundamental  

fundamental   harmonic  



18 

 

fundamental  fundamental  first harmonic  

(Umbaugh, 2005: 207)  2.12  

 

 
 

 2.12  (square wave)  (fourier transform) 

(a)  (square wave) (b)  (fundamental) (c)  

  1 (first harmanic) (d)  2 (second harmonic) (e)  

  fundamental  3  (f)  

  20  (g)  (fourier transform) 

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

        Discrete Transforms, 2005: 207 
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 discrete fourier transform  Fast 

Fourier Transform (FFT) 

 

  (Fourier Transform Properties) 
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-  (Translation) 

 (the translation property of the  

fourier transform)  

 2.13 
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 2.13  

 (a)  

 (b)  (a) 

 (c)  (a) 

 (d)  (row)  (column)  

  128 

 (e)  (d) 

 (f)  (d) 

 (g)  

  64 

 (h)  (g) 

 (i)  (g) 

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

 Discrete Transforms, 2005: 216 
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-  (Modulation) 

 2.14 

 
 

 2.14  modulation  

 (a)  

 (b)  (a) 

 (c)  16 

 (d)  (c)  16 

  

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

 Discrete Transforms, 2005: 217 
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-  (Rotation) 

  

 

   (2.5) 

  (2.6) 

 

       

 

  (2.7) 

  (2.8) 

  

 F(u, v)   2.15 
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 2.15  

 (a)  

 (b)  (a) 

 (c)  90° 

 (d)  (c)  16  

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

 Discrete Transforms, 2005: 218 

-  (Periodicity) 

DFT  N  

   N × N  
 

 (2.9) 
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 2.16  9  

 

 

 
 

 2.16  

 (a)  N × N  
  
  (b)  

 (c)  4  A, B, C, D   

 1   

(d)  (shift) 

 

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

 Discrete Transforms, 2005: 219 
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 (Displaying the Fourier Spectrum) 
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(2)  

(3)  

  

 256  (gray level = 8 bits) 

 256  256 
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 log  log  

 

  (2.11) 

 log  

 k  0-255  

2.1.9  Log-Polar 

Log-Polar Transform  

  log-polar 

transform  

  log-polar  

(row-shifted) (S.Arivazhagan, K.Gowri and L.Ganesan, 2010: 133) 

 Log-Polar Transform  2   

  1 

 S      S × [N/2]  2.17  

  

 2.17  (a)  Polar  (b) Log-polar  

 : Journal of Pattern Recognition Research 1 (2010) 131-139. Rotation and  

 Scale-Invariant Texture Classification using Log-Polar and Ridgelet Transform,  

 2010: 133 
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 2  polar 

 (b)  log-polar  S × R    (b)  

 2   

1.  (Low Level Image Processing) 

2.  (High Level Image Processing) 
 

 (Low Level Image Processing) 
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  (High Level Image Processing) 

    

   

  

  

   

  

   

 2.1.10  (Filtering) 
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 lowpass filter 

 highpass filter  

 bandpass filtering 

 band-reject filtering  specific part  

 Lowpass Filter   

 Lowpass filter 

  

 2.18 lowpass filter   multiplying 

spectrum  inverse transform  

 2.19 

 

     
 

 

 

 

 2.18  lowpass filter 

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

 Discrete Transforms, 2005: 232 

 

(a)  (b) , 

 non-ideal 

lowpass  :   

(c) Ideal lowpass-filtered 

=32
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 2.19  lowpass filter 

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

 Discrete Transforms, 2005: 233 

  

Highpass Filter  

 Highpass filter 

  2.20  

 

Gain 

1 
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(a) 

 
(b) 

    
(c)       (d) 

    
(e)      (f) 

Gain 

1 

0 
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 2.20 Highpass Filter Functions 

a) 1-D  highpass filter, b) 1-D  highpass filter, c)  

 2-D ideal highpass filter, d)  2-D  highpass filter,  

e) 2-D  highpass filter  Walsh- 

Hadamard, f) 2-D  highpass filter   

Walsh-Hadamard  : for the non-ideal filters,  =1,  = 0  

 

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

 Discrete Transforms, 2005: 236 

 Bandpass  Band-reject Filter 

 Bandpass  Band-reject filter 

 2  

 2.21 

 

 
 

 

 

 

a) 1-D  bandpass filter 

 

b) 1-D  bandreject filter 
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 2.21  Bandpass, Band-reject  Notch Filter 

 : Umbaugh. Computer Imaging Digital Image Analysis and Processing. Chapter 5, 

 Discrete Transforms, 2005: 238 

c)  (Fourier) 2-D 

 bandpass filter  

d)  (Fourier) 2-D 

 bandreject filter 

e) 2-D  bandpass 

filter  Walsh-Hadamard 

 

f) 2-D  bandreject 

filter  Walsh-Hadamard 

 

g) 2-D  notch filter 

 rejecting specific 

frequencies rejec 

h) 2-D  notch filter 

passing specific 

frequencies rejec 
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2.1.11  Fourier-Mellin 

 

  log-polar 

 FFT  The Mellin Transform

   2.22 

 
 2.22  

 : Riaan van den Dool. Image Processing Tools. Fourier-Mellin Transform, 2004 

 

Input Image 

I [m,n] 

FFT Magnitude 

|F{I [m,n]}|

Cartesian to Log-Polar 

F[k,l] L|epd, d| 

Mellin Transform 

M[u,v] = F{ L|10pd, d|}

Output Image 

Io[u,v]
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2.1.12  (Resampling) 

 

  

 resampling interpolation 

  

 (Image Processing 3: Image Restoration, 2012: 23) 

Interpolation   function 

  interpolation  image processing  3 

  

1. Nearest Neighbor Interpolation : NN 

2. Bi-linear Interpolation: BL 

3. Cubic Convolution Interpolation: CC 

  

Nearest Neighbor Interpolation: NN 

  pixel value 

 pixel value  brightness  pixels  

Bi-linear Interpolation: BL 

  pixel value  

pixel value  brightness  4 pixels  

Cubic Convolution Interpolation: CC 

  pixel value   

pixel value  brightness  16 Ppixels  

2.1.13  (Cross Correlation) 
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 (spatial domain) 

 Lewis 

 (  , 2553: 45) 

2.1.14  (Recognition) 

  

 

  

 ( , 2010)  

  

 

 

 

 4   ( : , 2010) 

  2.1.6.1  (Template Matching)  

  2.1.6.2  (Statistical Approach) 

  2.1.6.3  (Structural Analysis) 

  2.1.6.4  (Neural Network) 
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Thiang, Guntoro, and Lim (2001) 

  3     

 (matching) 
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 0.8-0.85 

Sun, Bebis, and Miller (2002) 

  

 

 

 2    haar wavelets  

gabor filters   Support Vector Machines (SVMs) 

  wavelet  gabor 

 

  wavelet  

  gabor 

filter  

  

  gabor  

haar wavelet   2  3.03% 

 gabor  haar wavelet  5.19%  8.52% 
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Han, and others (2006)   2 

  Histogram of Oriented Gradient (HOG)  SVMs 

 

  

 SVM 

  

 Tsai, Hsieh, and Fan (2007) 

  

  “ ” 

 

  3    

   

 

 

 94.9 

Yunqiong, Zhifang, and Fei (2007) 
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 (template matching)  (edge orientation 

histograms)  

 Zhaoyu, Pingping, and Changjiu (2008) 

  

 gabor biologically plausible 

 

 

Gueham and others (2008) 

  fourier-mellin transform 

 (translation)  (rotation)  (scale)  feature  

feature matching  two dimensional (2-D) correlation 
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   noise   

 

 Cai and others (2009)  

(fuzzy clustering)  (image 
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 vector  fuzzy clustering 
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 Jin, Long, and Zhang  (improved genetic algorithm) 
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   256x256  
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 2  
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 3.2  
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 (Fourier Transform) 

 

   

 Fast Fourier Transform (FFT) 
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  (fourier transform) 
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 4  

(Bandpass Filter)

  Fast Fourier Transform (FFT)  

 

  

  

 

 0.1  0.8  1 

 3.4 

 

   
 

 3.4  (bandpass filter) 

 5  Log  

 3   

(Nearest Neighbor Interpolation : NN) 



45 

 

 nearest neighbor 

 (   , 2552)  3.5 

 

 

 

 

 

 

 

 3.5  log     

 6  Log  (Fourier Transform) 

 log 

 log 

 fourier mellin  (FM feature database) 

 3.6 

 

 

 

 

 

 

 

 

 3.6  log  (fourier transform) 
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3.5  

 
 

 3.7  
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 3.7   

 1  

  500  

 2   

 

 8   1   256  (0-255) 

 3 

 ( )   

 0  1  " " 

 x  y  

    

   y = mx + b    (2.1) 

 

 4   

linspace  3.8 

 ( ) 
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 ( )  Fast Fourier Transform (FFT) 
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 4 

(Fourier Transform) 

 

   

 Fast Fourier Transform (FFT) 

 

 5  

(Bandpass Filter)

 Fast Fourier Transform (FFT)  
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 fourier transform  1 
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 (Nearest Neighbor Interpolation : NN) 

 nearest neighbor 
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 7  Log  (Fourier Transform) 

 log 

 

 log  

 8  Feature Matching 

 log  7  

 1  

two dimensional (2-D) correlation 

  3.1 

 

 (3.1) 

 

     

     

 ,        
= , m=1,2,…N. n=1,2,…N. i=1,2. N=256. 

 

 3.1  m x n 

  m x n 

 m x n 
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