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: 04/8/10 

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. Inverse Filtering has also been implemented, and a preliminary version of Tikhonov Regularization has also been implemented in Matlab.

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.

complex gamma;


gamma.real=0.00001;


gamma.imag=0.00001;


int i,j,count;


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


{



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



{




complex abi;




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




double a=ftmp2[i][j].real;




double b=ftmp2[i][j].imag;




if(sqrt(ftmp2[i][j].real*ftmp2[i][j].real+ftmp2[i][j].imag*ftmp2[i][j].imag)<sqrt(gamma.real*gamma.real+gamma.imag*gamma.imag))




{





a=gamma.real,b=gamma.imag;





count++;




}




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




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




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




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




ftmp[i][j]=abi;



}


}


printf("found %d values\n",count);

This code performs an inverse filter, in which small values are set to a common value, attempting to avoid division by very small Fourier values, and thus reduce noise created by deconvolution.

I=double(imread('shell.pgm','PGM'));

PSF=double(imread('psf.pgm','PGM'));

J=deconvreg(I,PSF);

imshow(8*J)

K=deconvlucy(I,PSF);

imshow(8*K)

The Matlab code is rather simple. After reading in the necessary images (blurred, and PSF), the pixel values are converted into double format for numeric processing. The functions deconvreg() and deconvlucy() are then called, and the resulting deblurred image is outputted. deconvreg() applies regularization to a normal non-blind deconvolution algorithm, while deconvlucy() estimates and update latent deblurred images iteratively. The resultant image must be scaled to be easily viewed.

