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QUESTION ONE
Rendering:

a) Provide a detailed definition of the terms: Phong Shading and Phong Illumination. 
(2 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.
 (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?
(2 marks)




d) What visual effect would you expect to see when using the above equation to render shiny objects?
(2 marks)


e) Adjust your newly corrected lighting equation to allow for multiple lights within the scene
(2 marks)










QUESTION TWO
Texture Mapping:

1. Describe the fundamental principles behind Bump Mapping. Evaluate the strengths and weaknesses of using Bump Mapping techniques to model high detailed scenes in real-time computer graphics.
(10 marks)

1. Describe in detail the process needed to implement Embossing within a computer graphics application. Identify the strengths and weaknesses of using this technique.
(10 marks)

QUESTION THREE
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)

Diwedd/End




SOLUTIONS



QUESTION ONE


Rendering:

1. 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)



1. 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)


1. 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?





(2 marks)

Correctly identified all terms used in the lighting equation
(2 marks)


1. What visual effect would you expect to see when using the above equation to render shiny objects?

Specular highlight would appear static on surface of object – relative to the position of the light source…. Rather than relative to the position of the viewer.
(4 marks)

1. Adjust your newly corrected lighting equation to allow for multiple lights within the scene



(4 marks)



SOLUTION TWO

Texture Mapping:

1. Describe the fundamental principles behind Bump Mapping. Evaluate the strengths and weaknesses of using Bump Mapping techniques to model high detailed scenes in real-time computer graphics.


Introduced by Blinn in 1978. Bump mapping is used to make surface appear uneven (rough, wrinkled, pitted)
2.5 marks

Used to increase detail within an object without increasing the number of polygons used to create the object
2.5 marks

Instead of using a texture to change a colour component in the illumination model, we access a texture to modify the surface normal.
2.5 marks

Bump mapping is calculated on a per pixel basis – modifying the surface normal at the pixel within the lighting equation. The geometric normal of the surface remains the same.

0. marks

1. Describe in detail the process needed to implement Embossing within a computer graphics application. Identify the strengths and weaknesses of using this technique.

Rules when traversing the texture map:
· If we land at a location where there is a transition from white to black – Rotate the surface normal by angle theta.
· If we land at a location where there is a transition from black to white – Rotate the surface normal by angle -theta.
· If no colour transition takes place – Leave surface normal alone.

The angle theta is used to control the sharpness / smoothness of the emboss
5 marks

This technique can be implemented into the existing lighting equation with relatively low additional processing.
1.5 marks

Adds surface detail without adding additional geometry
1.5 marks

Because embossing only adjusts the normal used within the lighting equation, the actual geometric normal remains unchanged. The illusion breaks down along the silhouette.

2 marks






QUESTION THREE

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.

1. 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.

1. 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)



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.

1. 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.

1. 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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