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	LOCATION:  Swansea 
	LLEOLIAD:  abertawe

	LEVEL 6
	LEFEL 6

	EXAMINATION PERIOD
	CYFNOD ARHOLIADAU

	MAY 2023
	MAI 2023



MODULE CODE: ACCA6014
GPU Programming

TIME: 2  hOURS
answer 3 out of 4 questions.
ALL QUESTION CARRY EQUAL MARKS


Equipment or materials required –Approved Calculators; Formula Sheet
Adnoddau neu ddefnyddiau sydd eu hangen -Approved Calculators




QUESTION ONE


The ADS (Phong) iIllumination model for one light source is described in equation 1 below. Explain the meaning of each term and illustrate the relationship (if any) between the light source, the surface normal and the camera (or eye) position.  In your explanation draw diagrams to illustrate these relationships.


	
	
Equation 1



Definitions of each variable and their role in determining diffuse, ambient and specular components of the reflected light is expected.  The usual diagrams identifying the vectors need to be referenced here too.

											[15 Marks]

1b) 	The specular component used in ADS  illumination model can also be given by the equation 
Ispec = KsIscosn(ɸ).  Calculate  Ispec if Ks  =0.6, Ip = 0.8, n= 2, and ɸ = 15 degrees.  
											[5 Marks]	
Ispec = 0.6*0.8*(cos(15))2 ;  Ispec = 0.48*0.9662 =0.48*0.933=0.4478.

1d)	Explain why the specular component described in question 1b) is implemented as a dot product in equation,1 above.

	Efficiency reasons.  Cos(phi) can be calculated using the dot product of the two vectors V and R if they are both normalised.

	[5 Marks]



QUESTION 2
Soultions

a) The Phong specular component can cause imperfect results when the angle between the view vector and the reflected ray vector is greater than 90 degrees.  Explain why this is the case and show how this can be resolved using the Blinn-Phong illumination model and the “halfway” vector. 
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	The angle theta between the reflected ray and view vector can be greater than 90 degrees in some cases -  eg see image above.  This leads to cosine calculations giving -ve values.  The resultant illumination calculations lead to sudden drop offs at the boundary (theta > 90 degrees).  This is corrected using the halfway vector, H, see above, that gives good results in these circumstances.

[10 Marks]

b) Adjust equation 1 above so that it represents the Blinn-Phong illumination model.
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[4 Marks]

c) 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. 

d) 

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

[6 Marks]




e) Re-write equation1 above to incorporate radial intensity attenuation.
[5 Marks]




 
The  term Ili=I/r2  where r is the distance of the light source from the vertex/surface.
A student may also use the various linear and polynomial approximations too, though the coefficients need to be defined andexplained.





QUESTION THREE

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.

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

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

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

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


[12 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.
(2 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)



[7 Marks]




QUESTION FOUR

a) Several post processing effects rely upon local transforms that apply convolution methods using kernel masks.	Explain how convolution methods could be used to apply a blur effect to an image prior to rendering. In your answer provide a suitable kernel that could achieve this.	
[10 Marks]

Clear description should include definition of local methods, what a kernel mask is and the convolution calculation.  (5 marks) Define/provide a blur kernel – eg averaging , or Gaussian (eg would be nice too).  (5 marks)

b)  	What is meant by the term “edge detection” when applied to post processing of images. Illustrate your answer by showing how the Sobel convolution masks provided in figure 4i are used to calculate the new gradient magnitude of the pixel at Row2 Col3 of the input image pixel values shown in figure 4ii.

	
	
	
	
	
	
	
	
	
	Col1
	Col2
	Col3
	Col4
	Col5

	-1
	0
	+1
	
	+1
	+2
	+1
	
	Row1
	150
	150
	150
	30
	30

	-2
	0
	+2
	
	0
	0
	0
	
	Row2
	150
	150
	30
	30
	15

	-1
	0
	+1
	
	-1
	-2
	-1
	
	Row3
	150
	30
	30
	15
	0

	
	Gx
	
	
	
	Gy
	
	
	Row4
	30
	30
	15
	0
	0


                                   
                                       figure 4i                                                                                    figure 4ii


The formula for gradient magnitude is given in equation 2, below.
	
	       Equation 2

	
	


	Define and explain edge detection in this context.  A diagram would be beneficial. (4 marks)
	Calculation should be shown in detail.  (5 marks for method, remaining marks for correct 
application/calculation)

												[10 Marks]
c)	Calculate the gradient angle using equation 3 below.

	
	Equation 3

	
	


												[5 Marks]
2.5 marks for method, remaining marks for correct 
application/calculation)
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We compute the vector halfway between L and V as:

Analogous to Phong specular reflection, we can
compute the specular contribution in terms of (N-H
raised to a power n_:

I ... =B(N-H)™

specular

where, again, (x) .= max(0, x).
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