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SECTION A

QUESTION ONE

Rendering:

a) Provide a detailed definition of the terms: Phong Shading and Phong Illumination. 

(4 Marks)
b) Identify an alternative approach to Phong Shading commonly used to reduce the processing time required to render an object. Identify the strengths and weaknesses this technique has when combined with the Phong Illumination model.
 (4 Marks)

c) Errors were discovered when the following equation was used to calculate the Specular Reflection for an object in a 3D scene. Identify where the error is in the equation below, and suggest a fix. Identify all the various terms used in your corrected equation?
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8 marks)

d) Adjust your newly corrected lighting equation to allow for multiple lights within the scene
(4 marks)
QUESTION TWO
Shadows:

Describe in detail how the ‘Two-Pass z buffer Shadow Algorithm’ developed by Williams in 1978 works. 

(10 marks)

Identify the major strengths and weaknesses of this algorithm.

(10 marks)

QUESTION THREE

Aliasing:
a. Describe in detail what the causes the aliasing artefact in still images, and describe the two main approaches used to tackling aliasing. In your answer, identify the strengths and weaknesses of each approach drawing the readers’ attention to which approach is considered more appropriate for real-time games development. Give your reasons.

(14 marks)
b. Describe in detail the effects caused by temporal aliasing within the moving image and its correlation to frame rate. 

(6 marks)
SECTION B

QUESTION FOUR
Run-time Issues:

· Recently you were asked to drop everything and take a look at solving ‘framing’ issues on a soon-to-be-released First Person Shooter platform game. After digging through the code you notice no timer has been implemented to control the frame rate. You are asked to write out some pseudo code that will lock the frame rate to 60 frames per second.

a) Write a simple program (using pseudo code) that clearly demonstrates how to lock the frame rate to 60 frames per second
(6 marks)

· After implementing your pseudo code there still remains some framing issues that cause the system to underperform – i.e. the game fails to run at 60fps, often dropping to 30fps when more than 20 npc (non-player characters) are on screen at the same time.

b) Write approximately 200 words that consider sensible methods/approaches one might take to speed up the processing and rendering of many non-player characters on screen at the same time. NB> This may not simply be an AI (artificial intelligence) processing problem. You should consider all possible options available to speed up the processing / rendering of the scene.

 (14 marks)

SOLUTIONS

SECTION A 

QUESTION ONE

Rendering:

a. Provide a detailed definition of the terms: Phong Shading and Phong Illumination. 

Answer should clearly differentiate between a render technique and an illumination model. 
(4 Marks)
b. Identify an alternative approach to Phong Shading commonly used to reduce the processing time required to render an object. Identify the strengths and weaknesses this technique has when combined with the Phong Illumination model.

Alternative approach: Explanation of  Gouraud Shading to include discussion of interpolation of vertex intensities as opposed to the interpolation of vertex normal

(2 Marks)
Strengths: 
Low computational overhead
Weaknesses: 
Poor handling of specular highlights – esp. when lights are in close proximity to the surface of a polygon

(2 Marks)
c. Errors were discovered when the following equation was used to calculate the Specular Reflection for an object in a 3D scene. Identify where the error is in the equation below, and suggest a fix. Identify all the various terms used in your corrected equation?
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(4 marks)

Correctly identify all terms used in the lighting equation

(4 marks)

d. Adjust your newly corrected lighting equation to allow for multiple lights within the scene
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(4 marks)

QUESTION TWO

Describe how the ‘Two-Pass z buffer Shadow Algorithm’ developed by Williams in 1978 works. 

The Two-Pass z buffer Shadow Algorithm begins by calculating and storing just the z-buffer distances from the viewpoint of the light source.

Next the z-buffer and the image are calculated from the camera viewpoint using a z-buffer algorithm with the following modification:

Whenever a pixel is determined to be visible (from the camera viewpoint), the pixel’s object precision coordinates in the camera view 
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are transformed into coordinates in the light source’s view 
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The transformed coordinates 
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 are used to select the value 
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 in the light source’s z-buffer. 

If 
[image: image9.wmf]L

z

is closer to the light source than 
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, then there is something blocking the light source at that point, and the pixel is rendered in shadow, otherwise it is rendered as lit.

The light’s z-buffer can be thought of as a shadow map. This algorithm can be extended to include a separate shadow-map for each light source.

(10 marks)

Identify the major strengths and weaknesses of this algorithm.

Strengths:

The two pass algorithm provides pixel accurate shadow mapping.

Shadow maps can be pre-calculated.

Handles multiple light sources

(5 marks)

Weaknesses:

Shadow maps have to be re-calculated every time an object, used to create the shadow map, moves. This can prove computationally expensive.

Only useful for static objects within a scene.

Separate shadow buffers need to be created for each light source in the scene

(5 marks)

QUESTION THREE

Aliasing:
a. Describe in detail what the causes the aliasing artefact in still images, and describe the two main approaches used to tackling aliasing. In your answer, identify the strengths and weaknesses of each approach drawing the readers’ attention to which approach is considered more appropriate for real-time games development. Give your reasons.

Brief description of the problem caused by square pixels used to render curved lines. Caused by too low a sampling rate.

(2 marks)
In depth discussion of the two basic anti-aliasing techniques used: 

Filtering – most suited to real-time graphics applications because it’s quick, only renders what is seen. 

Produces poorer results


Uses neighbouring pixel intensity values to smooth out the jaggies

(4 marks)
Super Sampling (FSAA) – more suited to off-line rendering

Render image at higher resolution to an off-screen buffer. Multiple samples are taken from this larger image to calculate an average pixel intensity for each pixel in the output image

(4 marks)
Sub-pixel weighting masks can be used to give more weight to pixels towards the centre of a pixel area 

(2 marks)
Various methods can be used to select samples from the image – Grid, Random, Poisson Disc, Jittered, Rotated Grid


(2 marks)
b. Describe in detail the effects caused by temporal aliasing within the moving image and its correlation to frame rate. 

Time based rather than spatial. Motion blur can be considered a type of temporal anti-aliasing technique.

Possible discussion of motion blur as seen in photography. Fast moving objects move during the aperture opening time.

Fast moving object appears to shift positions from one frame to another. Can be seen if frame rate drops. 

(6 marks)
SECTION B 
QUESTION FOUR
Run-time issues:

· Recently you were asked to drop everything and take a look at solving ‘framing’ issues on a soon-to-be-released First Person Shooter platform game. After digging through the code you notice no timer has been implemented to control the frame rate. You are asked to write out some pseudo code that will lock the frame rate to 60 frames per second.

a) Write a simple program (using pseudo code) that clearly demonstrates how to lock the frame rate to 60 frames per second

A set of suitable variables are expected to keep track of how many ticks have elapsed since the last frame was rendered – e.g.
time, timeLast, timeLapsed



Calculation of 60 frames per second is expected:




// lock frame rate to 30 fps(approx)

// that’s 1000/60 = 16.6667 ticks per frame


Some form of counter should be used - i.e.
 GetTickCount();
(6 marks)

· After implementing your pseudo code there still remains some framing issues that cause the system to underperform – i.e. the game fails to run at 60fps, often dropping to 30fps when more than 20 npc (non-player characters) are on screen at the same time.

b) Write approximately 200 words that consider sensible methods/approaches one might take to speed up the processing and rendering of many non-player characters on screen at the same time. NB> This may not simply be an AI (artificial intelligence) processing problem. You should consider all possible options available to speed up the processing / rendering of the scene.

Should include a detailed discussion of the problem with sensible suggestions made. It is anticipated that the student will consider more than just AI processing – e.g. rendering / pipeline bottlenecks – caused by excessively large textures / poly count / Culling / etc

 (14 marks)
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