
Fundamentals of 

Image Processing
Laboratory Manual
[image: image10.png]



Enrollment No. _______________
Name of the student:_________________________________
[image: image1.jpg]



Government Engineering College, Rajkot
GOVERNMENT ENGINEERING COLLEGE, RAJKOT
[image: image7.wmf]10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10


CERTIFICATE

                         This is to certify that Mr/Miss ____________________________________Enrollment No. _____________ of B.E. (E.C.) SEM-VIII has satisfactorily completed the term work of the subject Fundamentals of Image Processing prescribed by Gujarat Technological University during the academic term ________________
Date:






Signature of the faculty
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	Sr. No.
	Name of Experiment
	Page No.

	1. 
	Write program to read and display digital image using MATLAB or SCILAB
	

	2. 
	Write a program in C and MATLAB/SCILAB for histogram calculation and equalisation. (Without using standard functions)
	

	3. 
	Write a program to perform convolution operation for 1D and 2D data in MATLAB/SCILAB
	

	4. 
	Write a program in C and MATLAB/SCILAB for edge detection using quick mask
	

	5. 
	Write and execute programs to remove noise using spatial filters
	

	6. 
	Write and execute programs to remove noise using frequency domain filtering operation
	

	7. 
	Write and execute programs of image manipulation
(Add, subtract, rotate, Zoom, Shrink, smoothing, sharpening etc.)
	

	8. 
	Write and execute program to compress given image
	

	9. 
	Write and execute program to watermark given image
	

	10. 
	Write and execute program for erosion and dilation of image
	


Instructions to the students:
· Solve exercise given at the end of each practical, write answers and execute it
· Write and execute all programs either in MATLAB or SCILAB. You can cut and paste results of image processing in soft copy of this lab manual
· Do not use standard MATLAB functions whenever specified. Write program yourself without using standard functions
· Get signature of staff regularly after completion of practical and exercise regularly

· Prepare separate notebook to solve the assignments
EXPERIMENT NO. 1
AIM: Write program to read and display digital image using MATLAB or 
          SCILAB
Introduction of SCILAB:

SciLab is a programming language for mathematical operations It provides development environment for mathematical programming. It is very much useful for matrix manipulation hence it is good choice for signal processing and image processing applications. It is similar to MATLAB. MATLAB is commercial software while SCILAB is open source software. It has one thousand four hundred in-built functions and it is growing day by day. Image and Video processing toolbox will be useful for this subject.
Students can download free SCILAB software from following website:

http://www.scilab.in
You can also create your log in on the website: http://39 and get scilab link from there.

Saving and Loading Programs in SCILAB: 

SCILAB can be used as a prototyping environment in which we try things out, examine the results and then adjust our programs to give better performance. We can give SCILAB commands on command prompt. For large number of commands, we can use SCILAB editor. We can write sequence of commands in SCILAB editor and then save as .sce files. We can execute .sce file to see the execution of the program.

Some commands and programs in SCILAB:

[1] Declaring matrices:

In SciLab, there is no need to declare variables; new variables are simply   introduced as they are required.
A = [1 2 3; 4 5 6; 7 8 9] 

The above SCILAB command declares following matrix:

A =  
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Keep following things in mind while declaring variables/matrices:

· No spaces    
· Don’t start with a number    
· Variable names are case sensitive
[2] Populating matrix elements with zeros:

SciLab also provides a number of functions which can be used to populate a new matrix with particular values. For example to make a matrix full of zeroes we can use the  function  zeros(m, n) which creates an m*n matrix of zeros as follows: 
B = zeros(3,3) 

B =  
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[2] Knowing size of matrix:
Syntax:

[rows, cols] = size(A);

This command gives size of matrix  

Above command gives result: rows=3, cols=3

[3] Reading Image file
We can use following command to read image file:

myImage=imread(‘File name with path’)

If name of the image file is test.bmp and if it is in /home/chv folder above commands can be written as:

myImage=imread(‘/home/chv/test.bmp’)

The image filename can be given as a full file path or as a file path relative to the SciLab current directory. The current directory can be changed from the main SciLab interface window or by cd (change directory command). The supported file formats include ‘bmp’, ‘gif’, ‘jpg’ and ‘png’.
After giving above command image data is available in myImage variable. You can use any variable name. 

[4] Displaying image

After reading image data using above function, we can display images in SciLab using imshow function. This function simply takes the array storing the image values as its only parameter. 
Syntax: 

Imshow(<variable name>)

Example:

imshow(myImage);
[5] Knowing size of image in pixels:
Size of the image in pixels can be found out by following command:

[Rows, Cols] = size(myImage)
[6] Flow control in SCILAB

If statements are simply used to make decisions in SciLab 
Syntax:

if <condition> then 

<do some work> 

else 

  <do some other work> 

end 

If we wish to perform thresholding of an image we could use following statements in SCILAB Program:

if ImageData(r, c) > threshold then 

        ThresholdedImage(r, c) = 255; 

else 

        ThresholdedImage(r, c) = 0; 

end
[7] Loops in SCILAB:

There is for loop and while loop in SCILAB.

While loop

While loop repeat a piece of work as long as a condition holds true. 
The while loop in SciLab uses the following syntax: 

while <condition> 

<perform some work repeatedly…> 

end
For loop in SCILAB is very popular for image processing because it is particularly useful for iterating through the members of a matrix. 

The SCILAB for loop uses the following syntax: 

for index = <start>:<finish> 

  <Perform some work…> 

end
Example:

Following SCILAB code iterates through each pixel of image, does summation of pixel values, finds average pixel value which represents average brightness of the scene. 

myImage=imread(‘/home/chv/test.bmp’)


[Rows, Cols] = size(myImage)

total = 0; 

for rowIndex = 1:Rows 

      for colIndex = 1:Cols
            total = total + ImageData(rowIndex, colIndex); 

      end 

end
average=total/(Rows*Cols)
[8] Saving two dimensional matrix in Image file

We read image, image data is available in two dimensional matrix. We process the matrix. After processing, we need to save the processed data in form of image. To save image data in image file, following command is used.

imwrite(ImageData, ' Testout.bmp', 'bmp'); 
This command writes ImageData in file “Testout.bmp”. It also supports ‘gif’, ‘jpg’ and ‘png’ file formats. 

[9] Program to flip the given image horizontally:

//Read in an image 

Moon = imread("Moon.bmp") 

Moon=rgb2gray(Moon) 

//Display the image 

imshow(Moon); 

//Determine the size of the image 

[rows,cols] = size(Moon); 

//Declare a new matrix to store the newly created flipped image 

FlippedMoon = zeros(rows,cols); 

//Generate the flipped image 

for r = 1:rows 

  for c = 1:cols 

    FlippedMoon(r,cols+1-c) = Moon(r,c); 

  end; 

end; 

//Display the flipped image 

imshow(FlippedMoon,[]); 

//Write an image to a file 

imwrite(mat2gray(FlippedMoon),'HoriFlippedMoon99.bmp');
:: WORKSHEET ::

 [1] Give following commands in SCILAB, observe output and write
        explanation of each command



t = 0:0.01:1



y=sin(2*%pi*10)
                   plot(y)

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[2] Create image of size 512x512 black square using monochrome, 256 
      gray-level. Read and display image using SCILAB commands
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[3] Execute following program for the image created in exercise[2] and  
    observe the result. Write comments on the result :

imgData=imread('white.bmp');
[Rows,Cols]=size(imgData);
imshow(imgData);
for i=1:Rows
    for j=1:Cols
        if(i>Rows/4 && i<3*Rows/4)
            if(j>Cols/4 && j<3*Cols/4)
                 imgData(i,j)=0;
            end
        end
    end
end
figure;
imshow(imgData);

Write your comments on the result after executing the program:

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[3] Write program to read image, create negative image, display original and
     negative image :

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Copy and paste original image and negative image here:

EXPERIMENT NO. 2
AIM: Write a program in C and MATLAB/SCILAB for histogram calculation 
          and equalization. (Without using standard functions)
Requirements:


· Add member function hist() in Image class for histogram calculation

· Add member function hist_equa() in Image class for histogram equalization.

· Add member function print_histogram() in Image class to display histogram of an image.

· Implement this member function in implementation program

· You can use 10(10 sample image to observe results 

Pseudo code:

Calculate histogram:


Loop over ROWS of the image

i = 1 to rows



Loop over COLS of then image
j = 1 to cols





Pixel value

k=data(i,j)





hist(k)=hist(k)+1



End COLS loop


End ROWS loop

Calculate sum of the hist:


Loop over gray levels


i = 0 to no. of gray levels





sum=sum+hist(i);





sum_of_hist(i)=sum;


End loop

Area of image = rows*cols

Dm=Number of gray levels in the output image


Loop over ROWS



Loop over COLS




k = data(i,j)




data(i,j) = (Dm/area)*sum_of_hist(k)



End COLS oop


End  ROWS Loop

Sample Program:
void image::histogram(char filename[])

 {

 int i,j,m;

 FILE *f1;

 int sum_of_hist[100];

 f1=fopen(filename,"rb");

 int  k=rows*cols;

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

 {

 hist[i]=0;

 }

 fread(data,sizeof(int),k,f1);

 for(i=1; i<rows;i++)

 {


for(j=1; j<cols; j++)


{


m=data[i][j];


hist[m]=hist[m]+1;


}

 }

 fclose(f1);

 print_histogram();

 getch();

 /* Histogram Equalisation*/

int sum=0;

int Dm;

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

{


sum=sum+hist[i];


sum_of_hist[i]=sum;

}

int area=k;

printf("Enter no. of gray levels in output image:");

scanf("%d", &Dm);

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

{


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


{



int n=data[i][j];



data[i][j]=sum_of_hist[n]*Dm/area;


}

}

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

{


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


{



int n=data[i][j];



hist[n]=hist[n]+1;


}

}

printf("Equalised histogram:\n");

print_histogram();

getch();

}

 void image::print_histogram()

 {

 int i,j;

 printf("\n\n");

 printf("    Occurence of gray levels ---->\n");

 printf("      ");

 for(i=0;i<=25;i++)printf("_");

 printf("\n");

 for(i=0; i<16; i++)

 {

 printf("%2d  |",i);

 for(j=1; j<=hist[i];j++) printf("*");

 printf("\n");

 }

 printf("\n\n");

 }

Sample Program in MATLAB:

%Program for calculation and equalisation of the histogram
close all;

clear all;

filename=input('Enter filename with path: ','s');
data=imread(filename);

imshow(data);

[rows cols]=size(data)

myhist=zeros(1,256);

for i=1:rows

   for j=1:cols



m=double(data(i,j));


myhist(m+1)=myhist(m+1)+1;


end
end
figure;

bar(myhist);

sum=0;

for i=0:255

sum=sum+myhist(i+1);

   sum_of_hist(i+1)=sum;

end
area=rows*cols;

%Dm=input('Enter no. of gray levels in output image: ');
Dm=256;

for i=1:rows

   for j=1:cols

      n=double(data(i,j));

       data(i,j)=sum_of_hist(n+1)*Dm/area;

    end

 end

for i=1:rows

   for j=1:cols


      m=double(data(i,j));

         myhist(m+1)=myhist(m+1)+1;

      end


end
end
figure;

bar(myhist);

figure;

imshow(data)

EXPERIMENT NO. 3
AIM: Write a program to perform convolution operation for 1D and 2D data 
          in MATLAB/SCILAB
Program for 1D convolution:

clear;

clc;

x=input("Enter value of x: ")

y=input("Enter value of y: ")

n=length(x)

k=length(y)

for z=n+1:n+k-1

    x(z)=0;

end

for u=k+1:n+k-1

    y(u)=0;

end

for i=1:n+k-1

    s(i)=0

    for j=1:i

        s(i)=(x(j)*y(i-j+1))+s(i)

    end

end

subplot(3,1,1)

plot2d3(x)

subplot(3,1,2)

plot2d3(y)

subplot(3,1,3)

plot2d3(s)
Take value of x: [ 1 2 3 4 5 6 7 8 9 0 10 11 12 13 14 15]

                     Y: [-1 1]

Observe result of convolution and write your comments:

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Program for 2D convolution:
clear;

clc;

x=input("Enter value of x in matrix form: ")

y=input("Enter value of y in matrix form: ")

[xrows,xcols]=size(x);

[yrows,ycols]=size(y);

result=zeros(xrows+yrows,xcols+ycols)
for r = 1:xrows-1 
  for c = 1:xcols-1 
               sum=0;
               for a=0:yrows
                   for b=0:ycols
                       sum=sum+x(r+a,c+b)*y(a+1,b+1);
                   end
               end
               result(r,c)=sum;
  end 
end 

Enter following 2D matrix for x: 


[image: image4.wmf]10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

[image: image8.wmf]10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10


Enter following 2D matrix for y:
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Observe output values and write your comments

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Write program of 2D convolution for image i.e. get variable x by reading image pixels, use any 3x3 mask as variable y, process the result and write your comments
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Copy and paste original image processed image here:

EXPERIMENT NO. 4
AIM: Write a program in C and MATLAB/SCILAB for edge detection using 
          quick mask
MATLAB Code using standard function:

clear all;

filename=input('Enter File Name :','s');

B=imread(filename);

A=rgb2gray(B);

imshow(A);

BW1 = edge(A,'prewitt');

BW2 = edge(A,'canny');

BW3 = edge(A,'sobel');

BW4 = edge(A,'roberts');

BW5 = edge(A,'log');

BW6 = edge(A,'zerocross');

imshow(BW1)

figure, imshow(BW2)

figure, imshow(BW3)

figure, imshow(BW4)

figure, imshow(BW5)

figure, imshow(BW6)

Exercise:

Get mask for “Prewitt”, “Canny”, “Sobel” from the literature and write MATLAB/SCILAB program for edge detection using 2D convolution as used in practical number 3. 

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sample C Program:

Image.h
# include <iostream.h>

# include <conio.h>

# include <stdio.h>

# include <string.h>

# define rows 10

# define cols 10

class image

{

private:

 int data[10][10];

public:

 void write_image(char[]);

 void read_image(char[]);

 void edge_detect(char[]);

};

 void image::write_image(char filename[])

 {

 FILE *f1;

 int i,j;

 int k=rows*cols;

 f1=fopen(filename,"wb");

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

 {


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


{



cin>>data[i][j];


}

 }

 fwrite(data,sizeof(int),k,f1);

 fclose(f1);

 }

void image::read_image(char filename[])

 {

 FILE *f1;

 int i,j;

 f1=fopen(filename,"rb");

 int  k=rows*cols;

 fread(data,sizeof(int),k,f1);

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

 {


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


{



cout<<data[i][j]<<" ";


}


cout<<endl;

 }

 fclose(f1);

 }

 void image::edge_detect(char *filename)

 {

 int i,j,a,b,sum,diff,maxdiff,outimage[rows][cols];

 int threshold=8,max=15, min=0;

 short QM[3][3]={{-1,0,-1},{0,4,0},{-1,0,-1}};

 long m;

 FILE *f1;

 f1=fopen(filename,"rb");

 int  k=rows*cols;

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

 {


for(j=0; j<cols; j++)  outimage[i][j]=0;

 }

 fread(data,sizeof(int),k,f1);

 for(i=1; i<rows-1;i++)

 {


for(j=1; j<cols-1; j++)


{


sum=0;


for(a=-1; a<2; a++)


{



for(b=-1;b<2;b++) sum=sum+data[i+a][j+b]*QM[a+1][b+1];


}


if(sum<0) sum=0;


if(sum>16) sum=15;


outimage[i][j]=sum;


}

 }

 cout<<"\nEdge detection using Quick mask:"<<endl;

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

 {


for(j=0; j<cols; j++) printf("%02d ", outimage[i][j]);


cout<<endl;

 }

 fclose(f1);

 }

Image.cpp

# include "d:\image\image.h"

 void help();

 void main(int argc, char* argv[])

 {

 image I;

 char file_name[30];

 clrscr();

if(argv[1])

{


if(!argv[2])


{



printf("Enter file name: ");



scanf("%s",file_name);


}


else


{


strcpy(file_name,argv[2]);


}

if(!strcmp(argv[1],"write"))


{I.write_image(file_name);}

else if(!strcmp(argv[1],"read"))


{I.read_image(file_name);}

else if(!strcmp(argv[1],"edge"))


{ I.edge_detect(file_name); }

else if(!strcmp(argv[1],"hist"))


{ }

else


{help();}

}

else {help();}

}

void help()

{

printf("\n\t\t Image Processing Tutorial !");

printf("\t\t\tUsage :\n");

printf("\t\t\timage <operation> <filename>\n");

printf("\t\t\tFor example :\n ");

printf("\t\t\timage write data : To write image in \"data\" file\n");

printf("\n\t\t\tOther Operations:\n");

printf("\n\t\t read: read image\n");

printf("\n\t\t edge : Edge detection\n");

printf("\n\t\t hist : display histogram of image\n");

}
Output:
Original Image of size 10(10:
Edge detection after applying quick mask:

[image: image9.png]
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Exercise:

[1] Modify above program  for edge detection using kirsch, prewitt & sobel mask 

[2] Add member function LPF() to image class for spatial filtering of given image

     Hint:  Use following  low pass convolution mask for low pass filtering



1/6 * 
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Note for the students:
Students should grow this lab manual and write experiment numbers 5 to 10 as per their creativity and imagination. List given in the index is minimum requirement. You can add more experiments also. Lab Manual of each student should be unique. 
You have to show soft copy whenever faculty ask for it. Please upload your Matlab program and lab manual copy to your Email Id or alternatively you can store it in CD/Pen drive to protect your work
After completion of five experiments (SET 1), you have to take print out and get signature of the faculty. After completion of SET1 you have to start work for SET2. After completion of SET2, take print out and get signature 
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