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EXAMINATIONS 20013 / 2014				Semester 2
AHOLIADAU  2013 / 2014

	FACULTY OF:  





	NAME OF COURSE/PROGRAMME:

	

	YEAR OR LEVEL:

	Year 3

	NAME OF MODULE/UNIT/EXAM PAPER:

	

	MODULE NO:

	

	DATE OF EXAMINATION:

	

	EXAMINATION TIMES:


				START TIME:

	

				FINISH TIME:

	

				TIME ALLOWED:

	



INSTRUCTIONS TO CANDIDATES:

Attempt 2 questions from section A and 1 question from section B


SECTION A

QUESTION ONE


Illumination: 

a. An incorrect implementation of the Phong Illumination model has been used. Identify and fix the error/s:







(6 marks)



b. In principle, the intensity of light from a point source is inversely proportional to the square of the distance from the source. Explain why this relationship exists. Use a simple diagram/s as part of your answer if required. 

(8 marks)

c. Re-write your corrected Phong Illumination model to incorporate radial intensity attenuation for multiple light sources  
(6 marks)





QUESTION TWO

Shadows:

a. Define the term ‘Self-Shadowing’ with respect to computer graphics. Suggest two approaches that could be taken to tackle self-shadowing within a graphics application. Ensure at least one of the approaches discussed would be suitable for a real-time games application.
(10 marks)


b. Identify the specific strengths and possible limitations that each approach would have when applied to a real-time graphics application.
(10 marks)






QUESTION THREE


Aliasing:

a. Describe in detail what 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.
(8 marks)

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

c. Velocity maps and the use of the Accumulation buffer have been used to combat temporal aliasing. Compare and contrast each approach.
(6 marks)



SECTION B

QUESTION FOUR

Shadows:

a. You have been asked to develop a suitable strategy to render the lights within the interior of a cinema during the screening of a film. You are expected to consider the various types of lighting commonly found within a cinema, with specific attention paid to the projection of moving images cast against the big screen. Identify the problem at hand, and suggest suitable approaches for tackling this problem
(14 marks)

b. Suggest ways to incorporate dynamic lighting and shadows within the design of your lighting system to allow the player to pass through the projected image. What impact (if any) do you envisage this having on the rendering times of the scene? Suggest suitable approaches to take to avoid excessive computational overhead.
(6 marks)






Diwedd/End

SOLUTIONS


SECTION A 


QUESTION ONE


Illumination:
 
a. 



(6 marks)


b. In principle, the intensity of light from a point source is inversely proportional to the square of the distance from the source.

Explain why this relationship exists. Use a simple diagram/s as part of your answer if required. 

(8 marks)

[image: Illustration of the Inverse Square Law]

Image above: The Intensity (or brightness) of a source of light falls off as the inverse square of the distance from the source. This is because the light's intensity can be thought of as being spread out uniformly over the surface of a sphere. At greater distances, the sphere is larger, so the same amount of light is spread over a larger area. This makes the light source appear dimmer as the distance from it increases. Credit: NASA



c. Re-write your corrected Phong Illumination model to incorporate radial intensity attenuation for multiple light sources  
(6 marks)


 



QUESTION TWO

Shadows:

a. Define the term ‘Self-Shadowing’ with respect to computer graphics. Suggest two approaches that could be taken to tackle self-shadowing within a graphics application. Ensure at least one of the approaches discussed would be suitable for a real-time games application.

Answer should include the following:

· Definition of the term self-shadowing
(1 mark)
· Two approaches that can be used to tackle self-shadowing
(2 marks)
· Strengths / weaknesses of each approach
(2 marks)
· Difference between soft / hard shadows
(1 mark)
· Suitability of selected approaches for static and non-static objects
(2 marks)
· Suitability to real-time applications
(2 marks)




b. Identify the specific strengths and possible limitations that each approach would have when applied to a real-time graphics application.

Suggested (but not exhaustive) approaches could include the following: 

· Ambient Occlusion – using real-time / pre-baked textures
· Hemisphere mapping
· Ray tracing
· Radiosity mapping with/out Progressive refinement
· Mixed approach – i.e. pre-baked maps for static objects, real-time ambient occlusion used for non-static objects

(5 marks - for each suitable approach)


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
(2 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
(2 marks)

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

Various methods can be used to select samples from the image – Grid, Random, Poisson Disc, Jittered, Rotated Grid
	(1 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)


c. Velocity maps and the use of the Accumulation buffer have been used to combat temporal aliasing. Compare and contrast each approach.

Detailed explanation of both techniques expected:
Velocity Maps 3D approach – operate in world space
Interpolate from/to positions for each vertex
(2 marks)
Accumulation buffer is a 2D approach
Object (or entire scene) that needs to be blurred is interpolated across a series of sub-frames and then blended together to form a single image.
Requires multiple rendering of each frame.
(2 marks)


Optimisation – fill up the accumulation buffer – then for each successive frame, render the first frame in the buffer again and subtract from accumulation buffer, and add the newly rendered frame to the buffer.
(1 marks)

Additional variation – render & blend current frame at 75% with existing image at 25%. Produces a more crude implementation of motion blur – but is very fast and is suited to real-time computer graphics applications
(1 marks)



SECTION B 


QUESTION FOUR

Shadows:

a. You have been asked to develop a suitable strategy to render the lights within the interior of a cinema during the screening of a film. You are expected to consider the various types of lighting commonly found within a cinema, with specific attention paid to the projection of moving images cast against the big screen. Identify the problem at hand, and suggest suitable approaches for tackling this problem

Discussion of various light sources required – i.e. spot, area, point, volume??
(2 marks)


Suitable solution identified – i.e. Shadow Baking, Global Illumination, Ambient Occlusion to include rationale
				(3 marks)

Include a breakdown of proposed algorithm/procedure.
(3 marks)

Strengths and Weaknesses of proposed algorithm 
Should draw attention to the different approach needed to render Static and dynamic objects
(3 marks)

Identify solutions / work-a-rounds to include detailed breakdown of suggested algorithms/procedures
(3 marks)


b. Suggest ways to incorporate dynamic lighting and shadows within the design of your lighting system to allow the player to pass through the projected image. What impact (if any) do you envisage this having on the rendering times of the scene? Suggest suitable approaches to take to avoid excessive computational overhead

Student is expected to discuss application of shadow / light maps as multi-layered textures. Shadow volumes, projection of 2D animated images against a 3D object – modification of shadow casting approach.
Hardware acceleration

The overhead of such an approach is negligible - application of world-space texture map. Multiple texture files will be needed. This is an additional resource / streaming issue.
(6 marks)
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