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Background HandlingBackground Handling
! Cornflower Blue is nice, but it makes for a boring Cornflower Blue is nice, but it makes for a boring 

background; however, we can use the background; however, we can use the SpriteBatchSpriteBatch  
Draw()Draw() method to display a background image. method to display a background image.

! Clearly we need to perform the following steps:Clearly we need to perform the following steps:
! Create a background image file and import it into the project.Create a background image file and import it into the project.
! Load it as a Load it as a Texture2DTexture2D object. object.
! Draw it as the first item in the batch of sprites.Draw it as the first item in the batch of sprites.
! Draw the remaining sprites in order.Draw the remaining sprites in order.
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Background ScalingBackground Scaling
! If the background image is not the same size as the game If the background image is not the same size as the game 

window, we can use window, we can use Draw()Draw() to scale it: to scale it:

  

! This will stretch the background image so that it fits the This will stretch the background image so that it fits the 
game window.game window.

  int windowWidth = Window.ClientBounds.Width;int windowWidth = Window.ClientBounds.Width;
  int windowHeight = Window.ClientBounds.Height;int windowHeight = Window.ClientBounds.Height;
  Rectangle screenPos = Rectangle screenPos = 
              new Rectangle(0,0, windowWidth, windowHeight);new Rectangle(0,0, windowWidth, windowHeight);
  theSpriteBatch.Draw(theBackground, screenPos, Color.White);   theSpriteBatch.Draw(theBackground, screenPos, Color.White);   

4 /20
Large background image Game Window

Source: http://www.fg-a.com/backgrounds.htm 

Scrolling BackgroundsScrolling Backgrounds
! If we use a graphical editor to create a background If we use a graphical editor to create a background 

image substantially larger than the game window, then image substantially larger than the game window, then 
we can create a background which we can scroll up or we can create a background which we can scroll up or 
down, left or right as the game progressesdown, left or right as the game progresses

! We use We use Draw()Draw() to expand just the part of the  to expand just the part of the 
background we want into the game window.background we want into the game window.
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Multiple Image Scrolling BackgroundMultiple Image Scrolling Background
! Storing a really large background as a single image can Storing a really large background as a single image can 

get quite unwieldy.   Instead, it's more convenient to get quite unwieldy.   Instead, it's more convenient to 
create a set of background images which fit together in a create a set of background images which fit together in a 
grid.grid.

! When we create the images we need to ensure that the When we create the images we need to ensure that the 
left hand side of each image matches with the right hand left hand side of each image matches with the right hand 
side of the adjoining image, and similarly, the top of side of the adjoining image, and similarly, the top of 
each image matches the bottom of the adjoining imageeach image matches the bottom of the adjoining image

! As we'll see from the next slide, actually selecting the As we'll see from the next slide, actually selecting the 
segments to draw from each file gets quite messy. You segments to draw from each file gets quite messy. You 
need to keep a cool head when you write this code!need to keep a cool head when you write this code!
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Multiple Image BackgroundMultiple Image Background

Separate image files
in rectangular grid

Game Window

Source: http://www.kavewall.com/
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Writing TextWriting Text
! We can use a We can use a SpriteBatchSpriteBatch to write out arbitrary text  to write out arbitrary text 

strings on to the Game screen.strings on to the Game screen.

We can write
 text at any angle

We can write
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Choosing a FontChoosing a Font
! Before we can write text into the game window we need Before we can write text into the game window we need 

to import every font which we're going to use into the to import every font which we're going to use into the 
project.  project.  

! Obviously we need to know the name of the font we're Obviously we need to know the name of the font we're 
going to use; we can check which fonts are installed going to use; we can check which fonts are installed 
using the Windows Control Panel, for example "Franklin using the Windows Control Panel, for example "Franklin 
Gothic Medium"Gothic Medium"

! The sprite font is represented by an XML document The sprite font is represented by an XML document 
which holds details of the font, its size, its weight and so which holds details of the font, its size, its weight and so 
on.  This document is automatically created for us but on.  This document is automatically created for us but 
we can edit it as necessary.we can edit it as necessary.
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The Font XML FileThe Font XML File
! The import process creates a .spritefont file, which we The import process creates a .spritefont file, which we 

may need to edit before we can use it.may need to edit before we can use it.
! The most useful fields are:The most useful fields are:

! The font name field (including The font name field (including spacesspaces):):

      <FontName>Franklin Gothic Medium</FontName><FontName>Franklin Gothic Medium</FontName>
! The font size in points:The font size in points:

      <Size>14</Size><Size>14</Size>
! The font style: regular The font style: regular boldbold  italicitalic

      <Style>Regular</Style><Style>Regular</Style>

! We need a separate spritefont file for each different font We need a separate spritefont file for each different font 
name, size and style.name, size and style.
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Creating a SpriteFont ObjectCreating a SpriteFont Object
! To use the sprite font we need to create a To use the sprite font we need to create a SpriteFontSpriteFont  

field in the field in the Game1Game1 class: class:

! and load it in the and load it in the LoadContent()LoadContent() method: method:

  GraphicsDeviceManager graphics;GraphicsDeviceManager graphics;
  SpriteBatch spriteBatch;SpriteBatch spriteBatch;
  SpriteFont franklinGothicMedium;SpriteFont franklinGothicMedium;

  protected override void LoadContent()protected override void LoadContent()
  {{
            // Create a new SpriteBatch, which can be used to draw textures.  // Create a new SpriteBatch, which can be used to draw textures.  
          spriteBatch = new SpriteBatch(GraphicsDevice);spriteBatch = new SpriteBatch(GraphicsDevice);

            // TODO: use this.Content to load your game content here// TODO: use this.Content to load your game content here
          franklinGothicMedium = franklinGothicMedium = 
                  this.Content.Load<SpriteFont>("FranklinGothicMedium");this.Content.Load<SpriteFont>("FranklinGothicMedium");
  }}
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When Sprites CollideWhen Sprites Collide
! In many games where sprites represent real world In many games where sprites represent real world 

objects, we need to detect when sprites have collided. objects, we need to detect when sprites have collided. 
! Unfortunately and surprisingly, XNA does not directly Unfortunately and surprisingly, XNA does not directly 

implement 2D sprite collision detection.  Instead, we implement 2D sprite collision detection.  Instead, we 
have to explicitly check for it in our code.have to explicitly check for it in our code.

! There are two systems in common use:There are two systems in common use:
! Bounding box detection, quick but inaccurateBounding box detection, quick but inaccurate
! Pixel-based detection, accurate but slow.Pixel-based detection, accurate but slow.

! Often, a real game will use both methods - bounding box Often, a real game will use both methods - bounding box 
to detect possible collisions which are then more to detect possible collisions which are then more 
accurately checked using pixel based testing.accurately checked using pixel based testing.
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Bounding Box Collision DetectionBounding Box Collision Detection
! With Bounding box detection each sprite is encased in With Bounding box detection each sprite is encased in 

an imaginary rectangle (the Bounding Box).an imaginary rectangle (the Bounding Box).
! Collision is detected when the bounding boxes for two Collision is detected when the bounding boxes for two 

sprites overlap.  sprites overlap.  

Overlap

This picture shows a major This picture shows a major 
problem with Bounding problem with Bounding 
Boxes: False positives.Boxes: False positives.

Near misses are detected asNear misses are detected as
actual collisions.actual collisions.
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Collision Detection CodeCollision Detection Code
! If we use the XNA Rectangle class to represent two If we use the XNA Rectangle class to represent two 

bounding boxes, XNA has a method which will tell us if bounding boxes, XNA has a method which will tell us if 
the boxes intersect (overlap):the boxes intersect (overlap):

! Note: the collision test we used for the balloon/dart Note: the collision test we used for the balloon/dart 
game is a variant of the bounding box technique.game is a variant of the bounding box technique.

  Rectangle boundBox1 = new Rectangle(x1, y1, width1, height1); Rectangle boundBox1 = new Rectangle(x1, y1, width1, height1); 

  Rectangle boundBox2 = new Rectangle(x2, y2, width2, height2);Rectangle boundBox2 = new Rectangle(x2, y2, width2, height2);

  if (boundBox1.Intersects(boundBox2)) if (boundBox1.Intersects(boundBox2)) 
  {{
          ... Collision has occurred ...... Collision has occurred ...
  }}
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Bounding Box SizeBounding Box Size
! The bounding box must be calculated using screen co-The bounding box must be calculated using screen co-

ordinates.  In particular, if the sprite is scaled or rotated, ordinates.  In particular, if the sprite is scaled or rotated, 
the size of the bounding box must be recalculated each the size of the bounding box must be recalculated each 
time.  This is not complicated, but the code can be time.  This is not complicated, but the code can be 
messy.  It also means that we can't always calculate the messy.  It also means that we can't always calculate the 
size of the bounding box by simple inspection of the size of the bounding box by simple inspection of the 
image.image.

Rotating the sprite changes
the shape of the bounding box
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Automatic Bounding BoxAutomatic Bounding Box
! We can calculate a bounding box automatically from the We can calculate a bounding box automatically from the 

sprite image by examining each pixel.sprite image by examining each pixel.
! We can get the raw pixel data like this:We can get the raw pixel data like this:

! The bits in each pixel are organised like this:The bits in each pixel are organised like this:

! Alpha is a measure of the pixel transparency:Alpha is a measure of the pixel transparency:
! 0000000000000000 Pixel completely transparent.Pixel completely transparent.
! 1111111111111111 Pixel completely solid.Pixel completely solid.

    uint[] rawData = new uint[theSprite.Width * theSprite.Height];  uint[] rawData = new uint[theSprite.Width * theSprite.Height];  
    theSprite.GetData<uint>(rawData);theSprite.GetData<uint>(rawData);

00110101100110110000111111110101
Red Green Blue"Alpha"
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Automatic Bounding Box CodeAutomatic Bounding Box Code
  int x=0, y=0;int x=0, y=0;
  int minX = texture.Width, maxX = 0;int minX = texture.Width, maxX = 0;
  int minY = texture.Height, maxY = 0;int minY = texture.Height, maxY = 0;
  foreach (uint pixel in rawData)foreach (uint pixel in rawData)
  {{
          bool isVisible = (pixel > 0x04000000);    bool isVisible = (pixel > 0x04000000);    
          if (isVisible)if (isVisible)
          {{
                  if (x < minX) minX = x;if (x < minX) minX = x;
                  if (x > maxX) maxX = x;if (x > maxX) maxX = x;
                  if (y < minY) minY = y;if (y < minY) minY = y;
                  if (y > maxY) maxY = y;if (y > maxY) maxY = y;
          }}
          x++;x++;
          if (x >= texture.Width) if (x >= texture.Width) 
          {{
                  x=0; y++;x=0; y++;
          }}
  }}
  Rectangle boundBox = Rectangle boundBox = 
        new Rectangle(minX, minY, maxX-minX+1, maxY-minY+1); new Rectangle(minX, minY, maxX-minX+1, maxY-minY+1); 

Compare alpha channel value 
and ignore transparent pixels
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Bounding Box v Pixel DetectionBounding Box v Pixel Detection
! The problem with Bounding Box collision detection is The problem with Bounding Box collision detection is 

that its accuracy varies according to the shape of the that its accuracy varies according to the shape of the 
sprite.sprite.

! It frequently gives false positives, where near misses are It frequently gives false positives, where near misses are 
interpreted as collisions.interpreted as collisions.

! It is, however, easy to implement and fast to execute.It is, however, easy to implement and fast to execute.
! An alternative to bounding box detection is An alternative to bounding box detection is PixelPixel based  based 

detection.detection.
! This involves calculating whether individual pixels from This involves calculating whether individual pixels from 

two different sprites will be rendered to the same screen two different sprites will be rendered to the same screen 
location.location.
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Designing Pixel Based DetectionDesigning Pixel Based Detection
! A A simplesimple form of pixel based detection is fairly easy to  form of pixel based detection is fairly easy to 

implement.implement.
! It involves pulling the individual pixels from each It involves pulling the individual pixels from each 

sprite's texture and comparing them pixel by pixel.sprite's texture and comparing them pixel by pixel.
! When two non-transparent pixels occur at the same When two non-transparent pixels occur at the same 

screen location then a collision occurs.screen location then a collision occurs.
! I won't go into the process here since there are several I won't go into the process here since there are several 

examples on the internet.examples on the internet.
! Pixel based detection is more complex (and takes more Pixel based detection is more complex (and takes more 

time) when sprites are scaled and rotated. Even so, there time) when sprites are scaled and rotated. Even so, there 
is a code example on the internet.is a code example on the internet.
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Problems with Pixel-Based DetectionProblems with Pixel-Based Detection
! Full Pixel-based collision detection is difficult to Full Pixel-based collision detection is difficult to 

implement and slow to execute.implement and slow to execute.
! For this reason it is often performed once bounding box For this reason it is often performed once bounding box 

detection has indicated a possible collision has occurred.detection has indicated a possible collision has occurred.
! Fully automatic 2D collision detection would be a useful Fully automatic 2D collision detection would be a useful 

feature to add to XNA, but it seems unlikely that it will feature to add to XNA, but it seems unlikely that it will 
ever be added...ever be added...

20/20


