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Window Graphics Programming

Create a windows form application.
In the main window, add menu bar to open up the windows we are creating below, the code should look like this...

        private void drawingToolStripMenuItem_Click(object sender, EventArgs e)
        {
            Form win = new DrawingForm();
            win.Show();
        }


Simple Graphics

A Bitmap is an Image made up of pixels.

A Bitmap class allows us to create a new Bitmap.
Bitmap bmp = new Bitmap(200, 400);   width 200, height 400 pixels

To draw in the bitmap we must obtain a copy of its drawing surface, which is of type Graphics (in System.Drawing).

Graphics g = Graphics.FromImage(bmp);

The drawing surface, provides a number of methods for drawing on to it.
You can clear it first using Clear()

g.Clear(Color.Transparent);  Clear it completely
g.Clear(Color.LightBlue);     Overwrite with a particular color

DrawRectangle() allows you to draw a rectangle with a Pen, whereas FillRectangle() allows you to paint a filled rectangle with Brush.

[image: ][image: ]

To create a Pen, you specify its colour and width in pixels. Since we use Pen’s quite a lot, we should try to clear them as soon as possible by calling their Dispose() method.

Pen pen = new Pen(Color.Red, 4);

Use the pen....

pen.Dispose();   Finished with this pen

You customize your own colour like this..
Pen pen = new Pen(Color.FromArgb(255, 255, 30, 30));

The method for drawing unfilled shapes are all prefixed with “Draw” e.g. to draw a line the method is DrawLine().

Say we want to draw a line, we need to create a pen and the two points for the start and end of the line. Since we are talking about 2D, the points only need the x and y co-ordinates.

DrawLine(pen, x1, y1, x2, y2)

Pen pen = new Pen(Color.Red, 2);

g.DrawLine(pen, 20, 10, 50, 10);    // Horizontal line
g.DrawLine(pen, 20, 10, 20, 50);    // Vertical line
g.DrawLine(pen, 20, 10, 50, 50);    // Diagonal line

pen.Dispose();

You can also use a Point class...

Pen pen = new Pen(Color.Red, 2);

g.DrawLine(pen, new Point(20, 10), new Point(50, 10));    // Horizontal line

pen.Dispose();

Points are always measured from the top-left corner which is point (0, 0) i.e.



Likewise, any shapes position is always given in terms of its top-left hand corner. The star shape above is positioned at x=10 and y=20, but note its centre is actually further to the right and down.

A class called Rectangle, lets us specify the top-left corner and the width & height.

Rectangle rect = new Rectangle(10, 20, width, height);

As expected, the method to draw it is DrawRectangle().

Rectangle rect;

pen = new Pen(Color.Red, 4);
rect = new Rectangle(10, 20, 200, 400);
g.DrawRectangle(pen, rect);
pen.Dispose();

To draw a square, make the width and height the same.

To draw an ellipse, we again specify the containing rectangle.

g.DrawEllipse(pen, rect);

To draw a circle, make the width and height of the ellipse the same.

We often position things relative to the width and height of the drawing surface i.e. the bitmap we are drawing into. For example, to draw a 4 pixel border around the bitmap....

pen = new Pen(Color.Red, 4);
rect = new Rectangle(2, 2, _bitmap.Width - 4, _bitmap.Height - 4);
g.DrawRectangle(pen, rect);

Note: When you draw line, the width is divided equally either side of the line, likewise for all other shapes.



To find the centre, divide the width and height of the bitmap by 2. But remember, if you use this to position a shape then this would represent the top-left corner. To centre the shape, we have to move the shapes top-left corner – shapeWidth/2 pixels and –shapeHeight/2 pixels.



width = 60;
height = 60;  
rect = new Rectangle(_bitmap.Width/2 – width/2, 
                     _bitmap.Height/2 – height/2, 
                     width, 
                     height);
g.FillRectangle(Brushes.Red, rect);     

For filled shapes, the methods are prefixed with “Fill” i.e. FillRectangle(), FillEllipse(), etc.

Instead of filling a shape with a Pen, we use a Brush. There are many types of brushes, but for now we will stick with solid colours. These brushes are defined for us as Brushes.

g.FillRectangle(Brushes.LightPink, rect);

You can create your own colour like this..
SolidBrush solidBrush = new SolidBrush(Color.FromArgb(255, 255, 30, 30));


Note: You can get the drawing surface for many controls e.g. you could dock a Panel in the Forms window and draw directly into it using the Paint event of the Panel.

private void panel1_Paint(object sender, PaintEventArgs e)
{
    Graphics g = e.Graphics;

     Draw here now using g, as above
}




Painters Algorithm

Is the order things are drawn important?

The answer is yes, background should be drawn before foreground.
For example, say we want a filled rectangle with a circle drawn within it. First we draw the rectangle then we draw the circle.

g.FillRectangle(Brushes.Red, rect);     // Background red filled rectangle
g.DrawEllipse(pen, rect);               // Foreground black circle



Add a form called DrawingForm, add the code to open it from the menu as described above.

Add events for Form Load and Resize from the Properties Window.
Add a PictureBox “pictureBox1” and Dock.Fill it.

	PictureBox

	Property
	Value

	Name
	pictureBox1

	Dock
	Dock.Fill







We’ll create a Bitmap with the same width and height as the form when it’s loaded and resized.

using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Linq;
using System.Text;
using System.Windows.Forms;

using System.IO;
using System.Drawing.Imaging;

namespace WindowsFormsGraphics
{
    public partial class DrawingForm : Form
    {
        private Bitmap _bitmap;

        public DrawingForm()
        {
            InitializeComponent();
        }

        private void DrawingForm_Load(object sender, EventArgs e)
        {
            _bitmap = new Bitmap(pictureBox1.Width, pictureBox1.Height);
        }

        private void DrawingForm_Resize(object sender, EventArgs e)
        {
            _bitmap = new Bitmap(pictureBox1.Width, pictureBox1.Height);
        }
    }
}

Next we’ll add a method to draw into the bitmap and display it in the PictureBox.

using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Linq;
using System.Text;
using System.Windows.Forms;

using System.IO;
using System.Drawing.Imaging;

namespace WindowsFormsGraphics
{
    public partial class DrawingForm : Form
    {
        private Bitmap _bitmap;

        public DrawingForm()
        {
            InitializeComponent();
        }

        private void DrawingForm_Load(object sender, EventArgs e)
        {
            _bitmap = new Bitmap(pictureBox1.Width, pictureBox1.Height);
            DrawBitmap(_bitmap);
            pictureBox1.Image = _bitmap;
        }

        private void DrawingForm_Resize(object sender, EventArgs e)
        {
            _bitmap = new Bitmap(pictureBox1.Width, pictureBox1.Height);
            DrawBitmap(_bitmap);
            pictureBox1.Image = _bitmap;
        }

        private void DrawBitmap(Bitmap bmp)
        {

        }
    }
}

Next clear the drawing area to LightBlue and try drawing some lines...

        private void DrawBitmap(Bitmap bmp)
        {
            // Bitmap is a type of Image
            Graphics g = Graphics.FromImage(bmp);
            Pen pen = new Pen(Color.Red, 2);
            Rectangle rect;
            
            g.Clear(Color.LightBlue);

            g.DrawLine(pen, 20, 10, 50, 10);    // Horizontal line
            g.DrawLine(pen, 20, 10, 20, 50);    // Vertical line
            g.DrawLine(pen, 20, 10, 50, 50);    // Diagonal line

            pen.Dispose();
        }

We’ll draw a rectangle to form a border around the bitmap we are creating...

        private void DrawBitmap(Bitmap bmp)
        {
            // Bitmap is a type of Image
            Graphics g = Graphics.FromImage(bmp);
            Pen pen = new Pen(Color.Red, 2);
            Rectangle rect;
            
            g.Clear(Color.LightBlue);

            g.DrawLine(pen, 20, 10, 50, 10);    // Horizontal line
            g.DrawLine(pen, 20, 10, 20, 50);    // Vertical line
            g.DrawLine(pen, 20, 10, 50, 50);    // Diagonal line

            pen.Dispose();

            // Draw rectangle around edge of window to form border
            pen = new Pen(Color.Red, 4);
            rect = new Rectangle(2, 2, _bitmap.Width - 4, _bitmap.Height - 4);
            g.DrawRectangle(pen, rect);
            pen.Dispose();
        }

Draw a filled rectangle and square

        private void DrawBitmap(Bitmap bmp)
        {
            // Bitmap is a type of Image
            Graphics g = Graphics.FromImage(bmp);
            Pen pen = new Pen(Color.Red, 2);
            Rectangle rect;
            
            g.Clear(Color.LightBlue);

            g.DrawLine(pen, 20, 10, 50, 10);    // Horizontal line
            g.DrawLine(pen, 20, 10, 20, 50);    // Vertical line
            g.DrawLine(pen, 20, 10, 50, 50);    // Diagonal line

            pen.Dispose();

            // Draw rectangle around edge of window to form border
            pen = new Pen(Color.Red, 4);
            rect = new Rectangle(2, 2, _bitmap.Width - 4, _bitmap.Height - 4);
            g.DrawRectangle(pen, rect);
            pen.Dispose();

            // Fill a rectangle
            rect = new Rectangle(100, 100, 30, 60);
            g.FillRectangle(Brushes.LightPink, rect);

            // Draw square, width=height
            rect = new Rectangle(300, 100, 60, 60);
            g.FillRectangle(Brushes.LightPink, rect);

        }


Demonstrate Painters Algorithm by filling a square and drawing a circle on top of it. Width and height of 60 pixels

        private void DrawBitmap(Bitmap bmp)
        {
            // Bitmap is a type of Image
            Graphics g = Graphics.FromImage(bmp);
            Pen pen = new Pen(Color.Red, 2);
            Rectangle rect;
            
            g.Clear(Color.LightBlue);

            g.DrawLine(pen, 20, 10, 50, 10);    // Horizontal line
            g.DrawLine(pen, 20, 10, 20, 50);    // Vertical line
            g.DrawLine(pen, 20, 10, 50, 50);    // Diagonal line

            pen.Dispose();

            // Draw rectangle around edge of window to form border
            pen = new Pen(Color.Red, 4);
            rect = new Rectangle(2, 2, _bitmap.Width - 4, _bitmap.Height - 4);
            g.DrawRectangle(pen, rect);
            pen.Dispose();

            // Fill a rectangle
            rect = new Rectangle(100, 100, 30, 60);
            g.FillRectangle(Brushes.LightPink, rect);

            // Draw square, width=height
            rect = new Rectangle(300, 100, 60, 60);
            g.FillRectangle(Brushes.LightPink, rect);

            // Painters algorithm
            // Draw background first then draw foreground objects over the top of it.
            pen = new Pen(Color.Black, 1);
            rect = new Rectangle(_bitmap.Width / 2 - 30, 
                                _bitmap.Height / 2 - 30, 60, 60);
            g.FillRectangle(Brushes.Red, rect);     // Background red filled rectangle
            g.DrawEllipse(pen, rect);               // Foreground black circle

        }

Out of interest you may want to save a copy of this picture, set the Click event on the PictureBox from the Properties window (or by double clicking on it in the form). We’ll save it in the applications current directory (bin\Debug) with the name screenshot.bmp. In this case, we will save it as a windows BMP file but you can save it as GIF, JPEG, etc (ImageFormat gives you a list of formats).

using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Linq;
using System.Text;
using System.Windows.Forms;

using System.IO;
using System.Drawing.Imaging;

namespace WindowsFormsGraphics
{
    public partial class DrawingForm : Form
    {
        private Bitmap _bitmap;

        public DrawingForm()
        {
            InitializeComponent();
        }

        private void DrawingForm_Load(object sender, EventArgs e)
        {
            _bitmap = new Bitmap(pictureBox1.Width, pictureBox1.Height);
            DrawBitmap(_bitmap);
            pictureBox1.Image = _bitmap;
        }

        private void DrawingForm_Resize(object sender, EventArgs e)
        {
            _bitmap = new Bitmap(pictureBox1.Width, pictureBox1.Height);
            DrawBitmap(_bitmap);
            pictureBox1.Image = _bitmap;
        }

        private void DrawBitmap(Bitmap bmp)
        {
            // Bitmap is a type of Image
            Graphics g = Graphics.FromImage(bmp);
            Pen pen = new Pen(Color.Red, 2);
            Rectangle rect;
            
            g.Clear(Color.LightBlue);

            g.DrawLine(pen, 20, 10, 50, 10);    // Horizontal line
            g.DrawLine(pen, 20, 10, 20, 50);    // Vertical line
            g.DrawLine(pen, 20, 10, 50, 50);    // Diagonal line

            pen.Dispose();

            // Draw rectangle around edge of window to form border
            pen = new Pen(Color.Red, 4);
            rect = new Rectangle(2, 2, _bitmap.Width - 4, _bitmap.Height - 4);
            g.DrawRectangle(pen, rect);
            pen.Dispose();

            // Fill a rectangle
            rect = new Rectangle(100, 100, 30, 60);
            g.FillRectangle(Brushes.LightPink, rect);

            // Draw square, width=height
            rect = new Rectangle(300, 100, 60, 60);
            g.FillRectangle(Brushes.LightPink, rect);

            // Painters algorithm
            // Draw background first then draw foreground objects over the top of it.
            pen = new Pen(Color.Black, 1);
            rect = new Rectangle(_bitmap.Width / 2 - 30, _bitmap.Height / 2 - 30, 60, 60);
            g.FillRectangle(Brushes.Red, rect);     // Background red filled rectangle
            g.DrawEllipse(pen, rect);               // Foreground black circle

        }

        private void pictureBox1_Click(object sender, EventArgs e)
        {
            string filePath = Path.Combine(Directory.GetCurrentDirectory(), 
                                          "screenshot.bmp");

            _bitmap.Save(filePath, ImageFormat.Bmp);
        }

    }
}


Reloading it is also quite easy, but I’ll leave it as an exercise for the reader. Here’s the idea...

string dirPath = System.IO.Directory.GetCurrentDirectory();
string filePath = System.IO.Path.Combine(dirPath, "myfile.bmp");

Bitmap bmp = new Bitmap(filepath);     Create bitmap from existing file



WPF and Bitmap

Note: You can also display a Bitmap in a WPF window. First add a reference to the WPF project for System.Drawing.
[image: ]
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 We need a new method CreateBitmapSource() to convert the Bitmap to a BitmapSource so that it can be used in WPF e.g. to set the Image.Source.

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Windows;
using System.Windows.Controls;
using System.Windows.Data;
using System.Windows.Documents;
using System.Windows.Input;
using System.Windows.Media;
using System.Windows.Media.Imaging;
using System.Windows.Shapes;

// Assumes you added a reference to the project for System.Drawing DLL
// which contains the WindowsForms GDI+ classes including the Bitmap class
using System.Drawing;


namespace WpfGraphics
{
    /// <summary>
    /// Interaction logic for WinFormBitmapInWPF.xaml
    /// </summary>
    public partial class WinFormBitmapInWPF : Window
    {
        private Bitmap _bitmap;

        public WinFormBitmapInWPF()
        {
            InitializeComponent();
        }

        private void Window_Loaded(object sender, RoutedEventArgs e)
        {
            _bitmap = new System.Drawing.Bitmap(200, 200);
            DrawBitmap(_bitmap);
            image1.Source = CreateBitmapSource(_bitmap);
        }

        private void Window_SizeChanged(object sender, SizeChangedEventArgs e)
        {
            _bitmap = new System.Drawing.Bitmap(200, 200);
            DrawBitmap(_bitmap);
            image1.Source = CreateBitmapSource(_bitmap);
        }

        // Draw into the WindowForm bitmap using GDI+
        // See the WindowForm graphics project for explanation of this function.
        private void DrawBitmap(System.Drawing.Bitmap bmp)
        {
            // Bitmap is a type of Image
            Graphics g = Graphics.FromImage(bmp);
            System.Drawing.Pen pen;
            System.Drawing.Rectangle rect;

            g.Clear(System.Drawing.Color.LightBlue);

            pen = new System.Drawing.Pen(System.Drawing.Color.Red, 2);
            g.DrawLine(pen, 20, 20, 80, 80);

            pen.Dispose();

            // Draw rectangle around edge of window to form border
            pen = new System.Drawing.Pen(System.Drawing.Color.Red, 4);
            rect = new System.Drawing.Rectangle(2, 2, _bitmap.Width - 4, 
                                               _bitmap.Height - 4);
            g.DrawRectangle(pen, rect);
            pen.Dispose();
        }

        // Convert the System.Drawing.Bitmap class into a WPF BitmapSource
        // because we can't use the Bitmap directly.
        // See http://arbel.net/blog/archive/2008/10/22/improper-use-of-interopbitmap-can-cause-a-memory-leak.aspx
        // for code, comparing different methods.
        private static BitmapSource CreateBitmapSource(System.Drawing.Bitmap bitmap)
        {
            System.Drawing.Rectangle rect = new System.Drawing.Rectangle(0, 0, 
                                                bitmap.Width, bitmap.Height);
            System.Drawing.Imaging.BitmapData bitmapData = 
                                 bitmap.LockBits(rect, 
                                 System.Drawing.Imaging.ImageLockMode.ReadOnly, 
                                 bitmap.PixelFormat);

            // Copy the bitmap pixels from the Bitmap to the BitmapSource.
            BitmapSource source = BitmapSource.Create(bitmap.Width,                       
                                            bitmap.Height,                
                                            bitmap.HorizontalResolution, 
                                            bitmap.VerticalResolution, 
                                            PixelFormats.Pbgra32, null,                
                                            bitmapData.Scan0, 
                                            bitmapData.Stride * bitmap.Height, 
                                            bitmapData.Stride);

            bitmap.UnlockBits(bitmapData);

            return source;
        }

    }
}


Embedded Resources

Sometimes you have small bitmaps which are better off being built into the application instead of being kept in separate directories. Especially, if you are moving the application around and the file paths keep changing.

A solution is to make the image an embedded resource. Having created the image, right click on the project (not the solution or you wont be able to embedded it)

On the menu select AddExisting Item... and pick the image file. It should now be added to the Solution Explorer in the project. 
[image: ]

With the file selected the Property window should display a Build Action property.

[image: ]

Choose Embedded Resource.

In the code you can now load the image, say the form is called “BrushesForm” then to read the Bitmap 

Read embedded image in your code.

// Read bitmap added to project as an Embedded Resource
Bitmap embeddedBitmap = new Bitmap(typeof(BrushesForm), "sample.bmp");




Brushes

There are a few different types of brushes you can use to fill your shapes.
SolidBrush colours
LinearGradientBrush, one colours changing to another
HatchBrush, diagonal lines, etc
TextureBrush bitmap used to fill shape.

Here’s some code to draw the brushes in 4 rectangles as shown below:
[image: ]

Create a new form call it “BrushesForm” with a Load and Resize event. Dock a PictureBox in it as before.

using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Linq;
using System.Text;
using System.Windows.Forms;

using System.Drawing.Drawing2D; // HatchBrush, etc

namespace WindowsFormsGraphics
{
    public partial class BrushesForm : Form
    {
        private Bitmap _bitmap;
        private Bitmap _embeddedBitmap;

        public BrushesForm()
        {
            InitializeComponent();

            // Read bitmap added to project as an Embedded Resource
            _embeddedBitmap = new Bitmap(typeof(BrushesForm), "sample.bmp");
        }

        private void BrushesForm_Load(object sender, EventArgs e)
        {
            _bitmap = new Bitmap(pictureBox1.Width, pictureBox1.Height);
            DrawBitmap(_bitmap);
            pictureBox1.Image = _bitmap;
        }

        private void BrushesForm_Resize(object sender, EventArgs e)
        {
            _bitmap = new Bitmap(pictureBox1.Width, pictureBox1.Height);
            DrawBitmap(_bitmap);
            pictureBox1.Image = _bitmap;
        }

        private void DrawBitmap(Bitmap bmp)
        {
            // Bitmap is a type of Image
            Graphics g = Graphics.FromImage(bmp);
            int width;
            int height;
            SolidBrush solidBrush;
            HatchBrush hatchBrush;
            LinearGradientBrush gradientBrush;
            TextureBrush textureBrush;

            width = bmp.Width / 2;
            height = bmp.Height / 2;

            //g.Clear(Color.Transparent);

            //solidBrush = new SolidBrush(Color.Blue);
            solidBrush = new SolidBrush(Color.FromArgb(255, 255, 30, 30));
            g.FillRectangle(solidBrush, new Rectangle(0, 0, width, height));

            hatchBrush = new HatchBrush(HatchStyle.ForwardDiagonal, Color.Blue, Color.Beige);
            g.FillRectangle(hatchBrush, new Rectangle(width, 0, width, height));


            gradientBrush = new LinearGradientBrush(new Rectangle(0, height, width, height),
                                                Color.Red, Color.Blue, LinearGradientMode.Horizontal);
            g.FillRectangle(gradientBrush, new Rectangle(0, height, width, height));

            // Uncomment and comment in one of the brushes below to see the effect

            textureBrush = new TextureBrush(_embeddedBitmap);  // WrapMod = Tile by default
            //textureBrush = new TextureBrush(_embeddedBitmap, WrapMode.TileFlipX);
            //textureBrush = new TextureBrush(_embeddedBitmap, WrapMode.TileFlipY);
            //textureBrush = new TextureBrush(_embeddedBitmap, WrapMode.TileFlipXY);

            g.FillRectangle(textureBrush, new Rectangle(width, height, width, height));
        }
    }
}
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