COMPUTER SYSTEMS RESEARCH 
Code Writeup of your program, example report form 2009-2010 

1. Your name: Kang Guo, Period: 2 

2. Date of this version of your program: 01/20/10 

3. Project title: Applications of Fourier Analysis in Image Recovery 

4. Describe how your program runs as of this version.

My image deblurring code involves elements found in previous programs I have written. I incorporate the Fast Fourier Transform, Fourier values multiplication and division, Inverse Fourier Transform, and a logarithmic transform. Images are stored in .pgm format so that 8-bit color values can be easily read. These pixel values are stored into arrays, and both images are applied with a Fast Fourier Transform. 

void transform1() 

{ 


int k,l,a,b; 


for(l=0;l<ROWS;l++) 


{ 



for(k=0;k<COLS;k++) 



{ 




complex abi; 




abi.real=0.0,abi.imag=0.0; 




for(a=0;a<COLS;a++) 




{ 





double theta=((k-(COLS/2))*(a)/(float)COLS)*-2*pi; 





abi.real+=data1[l][a]*cos(theta); 





abi.imag+=data1[l][a]*sin(theta); 




} 




abi.real/=COLS; 




abi.imag/=COLS; 




ptmp1[l][k]=abi; 



} 


} 


for(k=0;k<COLS;k++) 


{ 



for(l=0;l<ROWS;l++) 



{ 




complex abi; 




abi.real=0.0,abi.imag=0.0; 




for(b=0;b<ROWS;b++) 




{ 





double theta=((l-(ROWS/2))*(b)/(float)ROWS)*-2*pi; 





abi.real+=ptmp1[b][k].real*cos(theta)-ptmp1[b][k].imag*sin(theta); 





abi.imag+=ptmp1[b][k].real*sin(theta)+ptmp1[b][k].imag*cos(theta); 




} 




abi.real/=ROWS; 




abi.imag/=ROWS; 




ftmp1[l][k]=abi; 




rtmp[l][k]=sqrt(abi.real*abi.real+abi.imag*abi.imag); 



} 


} 

}

data1 stores pixel values (0-255), ftmp1 stores Fourier values, and rtmp1 stores magnitude values.

The Fourier values of both images are then multiplied.

void multiply() 

{ 


int i,j; 


for(i=0;i<ROWS;i++) 


{ 



for(j=0;j<COLS;j++) 



{ 




complex abi; 




abi.real=0.0,abi.imag=0.0; 




abi.real=(ftmp1[i][j].real*ftmp2[i][j].real+ftmp1[i][j].imag*ftmp2[i][j].imag); 




abi.imag=(ftmp1[i][j].imag*ftmp2[i][j].real-ftmp1[i][j].real*ftmp2[i][j].imag); 




abi.real/=ftmp2[i][j].real*ftmp2[i][j].real+ftmp2[i][j].imag*ftmp2[i][j].imag; 




abi.imag/=ftmp2[i][j].real*ftmp2[i][j].real+ftmp2[i][j].imag*ftmp2[i][j].imag; 




ftmp[i][j]=abi; 



} 


} 

}

ftmp1 stores Fourier values for the image, and ftmp2 stores Fourier values for the blur kernel; it is essentially the value of the Point Spread Function.

The Inverse Fourier Transform is very similar to the Fast Fourier Transform, the only thing that is changed is the negative sign in the exponent.

void logoperator() 

{ 


int i,j; 


double max=0; 


double min=9999; 


for(i=0;i<ROWS;i++) 


{ 



for(j=0;j<COLS;j++) 



{ 




if(rtmp[i][j]>max) 





max=rtmp[i][j]; 




if(rtmp[i][j]<min) 





min=rtmp[i][j]; 



} 


} 


printf("%f\t%f\n",max,min); 


double s=pow(max/min,0.5); 


max*=s,min*=s; 


double c=255/log(1+max); 


for(i=0;i<ROWS;i++) 


{ 



for(j=0;j<COLS;j++) 



{ 




rtmp[i][j]*=s; 




data[i][j]=(int)(c*log(1+rtmp[i][j])); 



} 


} 

}

After the transforms, the magnitude values are too large to fit in the range of 8-bit values (0-255). rtmp stores the magnitude values of the final image. 

The values are then printed out into a .pgm file and then displayed.

5. What do you expect to work on next quarter, in relation to the goal of your project for the year? 

In practical situations, a photographer will not know how a blurry photograph was blurred in the first place. With no knowledge of the Point Spread Function, image deblurring, also referred to blind deconvolution in this circumstance, becomes much more difficult. Iterative deconvolution methods that estimate the PSF one step and update the latent image the following step, such as the Richardson-Lucy algorithm are useful in these situations. The more iterations that are applied, the better quality the final image will be, but at the cost of noise and/or ringing artifacts.

Another issue that is prevalent in non-blind deconvolution is the presence of noise after dividing by very small Fourier values. The Wiener filter attempts to fix this. Again, more iterations will improve the quality of the image by reducing noise, but at the cost of a loss of image data and further “blurring”.

