Image Processing Implementation
Introduction

The purpose of image processing is to improve images, i.e. to highlight relevant information in a given image. No piece of information is created.
There are many image processing techniques, which are based on pixels chromatic attributes modification.
Common functions 
Base conversion

The following implementations require several functions which help converting decimal to binary numbers and binary to decimal numbers. 
using System;

using System.Collections.Generic;

using System.Text;

namespace TraitementImage

{

    class BaseConverter

    {

        public BaseConverter()

        {

        }

        public static string DecimalToBinary(int number)

        {

            string tmp = System.Convert.ToString(number, 2);

            string res = "";

            for (int i = 0; i < (8 - tmp.Length); i++)

            {
                res = "0" + res;

            }

            res = res + tmp;

            return res;

        }

        public static int BinaryToDecimal(string binaryString)

        {

            int dec = 0;

            int b;

            int iProduct = 1;

          for (int i = binaryString.Length - 1; i >= 0; i--,
                                                    iProduct *= 2)

            {

                string sValue = binaryString[i].ToString();

                b = (int)binaryString[i] - 48;

                dec += (b * iProduct);

            }
            return dec;

        }

   }

}

Minimum search 

The Minimum Size function return the minimum height and width of both input images. 

using System;

using System.Collections.Generic;

using System.Text;

using System.Drawing;

namespace TraitementImage

{

    class ImageProcessing

    {

        public ImageProcessing()

        {

        }

        private static Size MinimumSize(Size size1, Size size2)

        {

            Size res = new Size();

            if (size1.Height < size2.Height)

                res.Height = size1.Height;

            else

                res.Height = size2.Height;

            if (size1.Width < size2.Width)

                res.Width = size1.Width;

            else

                res.Width = size2.Width;

            return res;
        }

    }

}

 

Basic operations

Addition

This operation is performed component by component on images :

p(x,y) = p1(x,y)+p2(x,y) 
Here is the addition result of two images :
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Images addition
Implementation

public static Bitmap Addition(Bitmap image1, Bitmap image2)

        {

            Size size = MinimumSize(image1.Size, image2.Size);

            Bitmap res = new Bitmap(size.Width, size.Height);

            for (int i = 0; i < size.Width; i++)

            {

                for (int j = 0; j < size.Height; j++)

                {

                    Color im1 = image1.GetPixel(i, j);


                    Color im2 = image2.GetPixel(i, j);

                    int R = (int)im1.R + (int)im2.R;

                    if (R > 255) R = 255;

                    int G = (int)im1.G + (int)im2.G;

                    if (G > 255) G = 255;

                    int B = (int)im1.B + (int)im2.B;

                    if (B > 255) B = 255;
                    Color add = Color.FromArgb(R, G, B);

                    res.SetPixel(i, j, add);

                }

            }

            return res;

        }
The following code introduces the addition function usage :

Bitmap image1 = new Bitmap(@“c:\im1.bmp”);

Bitmap image2 = new Bitmap(@”c:\im2.bmp”);

Bitmap image =  ImageProcessing.Addition(image1, image2);

image.Save(@“c:\im3.bmp”);
 Subtraction
The subtraction is ruled by the following formula : 

p(x,y) = p1(x,y)-p2(x,y)
Here is the subtraction result of two images :
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Images subtraction
Implementation

public static Bitmap Subtract(Bitmap image1, Bitmap image2)

        {

            Size size = MinimumSize(image1.Size, image2.Size);

            Bitmap res = new Bitmap(size.Width, size.Height);

            for (int i = 0; i < size.Width; i++)

            {

                for (int j = 0; j < size.Height; j++)

                {

                    Color im1 = image1.GetPixel(i, j);

                    Color im2 = image2.GetPixel(i, j);

                    int R = (int)im1.R - (int)im2.R;

                    if (R < 0) R = 0;

                    int G = (int)im1.G - (int)im2.G;

                    if (G < 0) G = 0;

                    int B = (int)im1.B - (int)im2.B;

                    if (B < 0) B = 0;
                    Color add = Color.FromArgb(R, G, B);

                    res.SetPixel(i, j, add);

                }

            }

            return res;

        }
The following code introduces the subtract function usage :

Bitmap image1 = new Bitmap(@“c:\im1.bmp”);

Bitmap image2 = new Bitmap(@”c:\im2.bmp”);

Bitmap image =  ImageProcessing.Subtract(image1, image2);

image.Save(@“c:\im3.bmp”);
 

Logical operators

Logical "And"

Logical “AND” is ruled by the following formula :
p(x,y) = p1(x,y) And p2(x,y)  
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Implementation

private static string ApplyAndOperation(string a, string b)

        {

            string res = "";

            for (int i = 0; i < 8; i++)

            {
                int A = System.Convert.ToInt32(a[i].ToString());

                int B = System.Convert.ToInt32(b[i].ToString());

                bool boolA = System.Convert.ToBoolean(A);

                bool boolB = System.Convert.ToBoolean(B);

                bool C = boolA && boolB;

                res = res + (System.Convert.ToInt32(C).ToString());

            }

            return res;

        }

public static Bitmap And(Bitmap image1, Bitmap image2)

        {
            Size size = MinimumSize(image1.Size, image2.Size);

            Bitmap res = new Bitmap(size.Width, size.Height);

            for (int i = 0; i < size.Width; i++)

            {

                for (int j = 0; j < size.Height; j++)

                {
                    Color color1 = image1.GetPixel(i, j);

                    Color color2 = image2.GetPixel(i, j);

                  string binR = ApplyAndOperation(BaseConverter.
                     DecimalToBinary(Convert.ToInt32(color1.R)),  

                     BaseConverter.DecimalToBinary
                     (Convert.ToInt32(color2.R)));

                  string binG = ApplyAndOperation(BaseConverter.
                     DecimalToBinary(Convert.ToInt32(color1.G)),      

                     BaseConverter.DecimalToBinary
                     (Convert.ToInt32(color2.G)));

                  string binB = ApplyAndOperation(BaseConverter.
                     DecimalToBinary(Convert.ToInt32(color1.B)),
                     BaseConverter.DecimalToBinary
                     (Convert.ToInt32(color2.B)));

                    int R = BaseConverter.BinaryToDecimal(binR);

                    int G = BaseConverter.BinaryToDecimal(binG);

                    int B = BaseConverter.BinaryToDecimal(binB);
                    res.SetPixel(i, j, Color.FromArgb(R, G, B));

                }
            }

            return res;
        } 

The following code introduces the And function usage :

Bitmap image1 = new Bitmap(@“c:\im1.bmp”);

Bitmap image2 = new Bitmap(@”c:\im2.bmp”);

Bitmap image =  ImageProcessing.And(image1, image2);

image.Save(@“c:\im3.bmp”);
Logical "Not"
Logical “Not” is ruled by the following formula : 

p(x,y) = Not( p1(x,y) )

Here is the logical “Not” result of an image :
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Implementation

private static string ApplyNotOperation(string a)

        {

            string res = "";

            for (int i = 0; i < a.Length; i++)

            {

                if (a[i] == '0')

                    res = res + "1";

                else

                    res = res + "0";

            }

            return res;
        }

public static Bitmap Not(Bitmap image)

        {

            for (int i = 0; i < image.Width; i++)

            {

                for (int j = 0; j < image.Height; j++)

                {
                    Color color = image.GetPixel(i, j);

                    string binR = ApplyNotOperation(BaseConverter.
                        DecimalToBinary(Convert.ToInt32(color.R)));

                    string binG = ApplyNotOperation(BaseConverter.
                        DecimalToBinary(Convert.ToInt32(color.G)));

                    string binB = ApplyNotOperation(BaseConverter.
                        DecimalToBinary(Convert.ToInt32(color.B)));

                    int R = BaseConverter.BinaryToDecimal(binR);

                    int G = BaseConverter.BinaryToDecimal(binG);

                    int B = BaseConverter.BinaryToDecimal(binB);

                    image.SetPixel(i, j, Color.FromArgb(R, G, B));

                }
            }

            return image;
        }
The following code introduces the Not function usage :

Bitmap image1 = new Bitmap(@“c:\im1.bmp”);
Bitmap image =  ImageProcessing.Not(image1);

image.Save(@“c:\im3.bmp”);
Brightness

The principle is to change pixel components in order to get them closer to the higher limit (resp. lower limit) value, in a proportionnaly manner which will brighter up (resp. down) the image.

Here is the result of brightness applied on an image: 
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Brightness value : + 90
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Brightness value : - 90
Implementation

The Brightness function makes it possible to modify the brightness of an image according to a parameter. The more positive the parameter is, the more the image is luminous, the more it is negative, the more the image is dark.

public static Bitmap Brightness(Bitmap image, int value)

        {

            Bitmap res = new Bitmap(image.Width, image.Height);

            for (int i=0; i< image.Width; i++)

            {

                for (int j=0; j < image.Height; j++)

                {

                    Color imColor = image.GetPixel(i, j);

                    int R = System.Convert.ToInt32
                            (imColor.R) + value;

                    int G = System.Convert.ToInt32
                            (imColor.G) + value;

                    int B = System.Convert.ToInt32
                            (imColor.B) + value;

                    if (R> 255) R = 255;

                    if (R < 0) R = 0;

                    if (G> 255) G = 255;

                    if (G < 0) G = 0;

                    if (B> 255) B = 255;

                    if (B < 0) B = 0;  
                    res.SetPixel(i,j,Color.FromArgb
                    (R,G,B));                    

                }

            }

            return res;
        }
The following code introduces the Brightness function usage :

Bitmap image1 = new Bitmap(@“c:\im1.bmp”);
Bitmap image =  ImageProcessing.Brightness(image1, BrightnessValue);

image.Save(@“c:\im3.bmp”);
 
Contrast

Contrast is the most complex operation of this article. Instead of shifting all the pixels in the same way, it is necessary to increment or decrement the differences between the groups of pixels.

If contrast is decreased, the colour of the pixels is moved to bring closer towards the average colour, and generally in the same proportions, the components of green, red and blue.

If contrast is increased, the colour of the pixels is moved to bring closer the maximum (resp. minimum), generally in the same proportions, the components of value higher (resp. lower) than the average. 

Here the result of contrast applied to an image
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Contrast parameter : + 40
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Constrast parameter : - 40
Implementation

The Contrast function makes it possible to modify the contrast of an image according to a given parameter which defines Contrast level. 

private static int CalculateContrast(int color, int ContrastLevel)

        {
            float pixel;

            float contrast = (100.0f +  
            System.Convert.ToSingle(ContrastLevel)) / 100.0f;

            contrast *= contrast;            

            pixel = System.Convert.ToSingle(color) / 255.0f;

            pixel -= 0.5f;

            pixel *= System.Convert.ToSingle(contrast);

            pixel += 0.5f;

            pixel *= 255.0f;

            if (pixel < 0) pixel = 0;

            if (pixel > 255) pixel = 255.0f;

            return System.Convert.ToInt32(pixel);

        }

        public static Bitmap Contrast(Bitmap image, int 
        value)

        {

            Bitmap res = new Bitmap(image.Width, 
            image.Height);

            for (int i = 0; i < image.Width; i++)

            {

                for (int j = 0; j < image.Height; j++)

                {

                    Color imColor = image.GetPixel(i, j);

                    int R = CalculateContrast
                       (System.Convert.ToInt32(imColor.R), value);

                    int G = CalculateContrast
                       (System.Convert.ToInt32(imColor.G),value) ;

                    int B = CalculateContrast
                       (System.Convert.ToInt32(imColor.B), value);                    
               res.SetPixel(i, j, Color.FromArgb 
               (R,G,B));                   

                }
            }

            return res;
     }
The following code introduces the Contrast function usage :

Bitmap image1 = new Bitmap(@“c:\im1.bmp”);
Bitmap image =  ImageProcessing.Contrast(image1,ContrastValue);
 

