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Advanced Graphics
TIME:  2 hrs
answer 2 out of 3 in section A 
answer all of section B

Equipment or materials required – None
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SECTION A

QUESTION ONE

Illumination:

a. An incorrect implementation of the Phong Illumination model has been used to calculate Specular Reflection. Identify and fix the error/s:
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(6 marks)

b. What visual output would you expect if the above equation was used to render objects in the scene?

(4 marks)

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

 (5 marks)
d. What changes would be necessary to convert the Phong illumination model to a Blinn-Phong illumination model? How might this affect the overall performance when used to render the scene? 

(5 marks)

QUESTION TWO
Texture Mapping:

a. 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

b. 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

Parametric Curves:

a. What is meant by zero, first & second-order parametric continuity?

(6 marks)

b. Interpolation and Approximation are two terms associated with parametric curves. Explain the key difference between these two terms.

(4 marks)

c. The diagram below shows a set of polynomial weighting functions for a parametric curve. 

i. Identify the type of curve

ii. How can we determine the order of continuity that this curve possesses?


[image: image1.emf]
(10 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

QUESTION ONE

Illumination:

a.
An incorrect implementation of the Phong Illumination model has been used to calculate Specular Reflection. Identify and fix the error/s:
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(6 marks)

a. What visual output would you expect if the above equation was used to render objects in the scene?
An insignificant diffuse / specular contributions made to overall lighting model. Object would appear to be lit by ambient illumination only. 

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

c. What changes would be necessary to convert the Phong illumination model to a Blinn-Phong illumination model? How might this affect the overall performance when used to render the scene? 
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Student is expected to identify this as an optimisation – i.e. a single halfway vector calculation per light source is needed for Blinn-Phong. This can be re-used to calculate the illumination at each pixel across the surface of the object. With Phong illumination, a new reflection vector for every pixel needs to be caluated
(5 marks)

QUESTION TWO

Texture Mapping:

a) 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.

2.5 marks

b) 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

Parametric Curves:
a) What is meant by zero, first & second-order parametric continuity?

Zero-order parametric continuity (C0) – This simply means one curve begins where another curve ends (positionally continuous)

(2 marks)
First-order parametric continuity (C1) – C1 continuity contains all the properties of C0 continuity plus the joining control point derivatives (tangent lines) are also equal at their joining point (i.e. their directions and magnitudes are equal).

(2 marks)

Second-order parametric continuity (C2) – C2 continuity means that both the first and second control point derivatives (tangent lines) are equal at their joining point. 
 (2 marks)
b) Interpolation and Approximation are two terms associated with parametric curves. Explain the key difference between these two terms.

Interpolation 
– All polynomial sections of the curve are connected to the control points

(2 marks)

Approximation – Some or all of the control points are not on the path

(2 marks)

c) The diagram below shows a set of polynomial weighting functions for a parametric curve. 

i. Identify the type of curve

ii. How can we determine the order of continuity that this curve possesses?

i. Bezier curve
(4 marks)

ii. C1 continuity – At 
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, B1 contributes 100% to the position of the curve, whereas B2,B3,& B4 have zero contribution
(2 marks)

Similarly at 
[image: image5.wmf]1
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, B4 contributes 100% to the position of the curve, whereas B1,B2,& B3 have zero contribution

(2 marks)

For all other values of t, there is a mixed contribution from all basis functions
(2 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)
� EMBED Equation.3 ���





� EMBED Equation.3 ���
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