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answer two out of three questions


Equipment or materials required – Approved  Scientific  Calculator
Adnoddau neu ddefnyddiau sydd eu hangen - Approved  Scientific  Calculator





answer two out of three questions


1a)	P0P1P2 describes a triangle drawn to the screen, where P0=(4, 14), P1=(0, 6) and P2=(11, 0). A raster-fill routine is used to fill the triangle with colour. The routine begins filling one scan-line at a time, starting at P0 and finishing when it reaches P2. Calculate the start and end pixel positions needed to perform a single raster-scan of the line when the mid-point between vertices P0 and P1 gets reached.

											[17 Marks]
ANS:
1a)	start 	= (2.0, 10.0)
end 	= (6.0, 10.0)

	startxy 	= P0 + 0.5(P1-P0)
			= (4, 14) + 0.5((0, 6) - (4, 14))
			= (4, 14) + 0.5(-4, -8)
			= (4, 14) + (-2, -4)
			= (2, 10)

	endy 	= starty = 10.0

endx 	= ((P0y-starty)/(P0y-P2y))*P2 + ((starty-P2y)/(P0y-P2y))*P0
		= ((14-10)/(14-0))*(11, 0) + ((10-0)/(14-0))*(4,14)
		= (4/14)*(11,0) + (10/14)*(4,14)
		= 6.0
endxy 	= (10, 6)



1b) 	 Demonstrate how the parametric equation for a straight line, can be used to calculate the colour intensity value for an arbitrary point P along this scan-line

											[8 Marks]

ANS:
1b)      Prgb = Startrgb(1.0-t) + Endrgb(t)






2a)	The QuickHull algorithm is a convex hull algorithm commonly used to calculate the smallest convex set of points that contain all other points. Convex hulls are commonly used for collision avoidance calculations. There are two popular approaches used to calculate the smallest convex hull: the ‘Graham Scan’ algorithm and the ‘Divide and Conquer’ algorithm.
	Which one of these two approaches would be most appropriate to use when dealing with very large data sets?
	

[image: Min/Max horizontal points]

											[5 Marks]


ANS:
2a)	Student should identify the advantages of using a binary search approach to solving this problem.
[5 Marks]





2b) 	 Describe in detail the steps required to implement the Divide and Conquer algorithm. You may use diagrams in support of your answer if necessary.
[10 Marks]


ANS:
2b)   	Student should detail the following steps required:

Initialize the hull to include two points on opposite sides of the hull – i.e. select points with the minimum and maximum x values. These points are guaranteed to be a part of the convex hull
[2 Marks]

Separate remaining points into two groups – either side of this line
[2 Marks]

Locate the point furthest away from this line from one of the sets of points and add it to the hull
[2 Marks]

All points contained within this section of the hull cannot be part of the hull so can be ignored during further processing steps
[2 Marks]

Repeat steps 2 to 4 until no more points remain outside the hull
[2 Marks]




2c) 	The distance calculation of a point to a line is required when implementing the ‘Divide and Conquer’ algorithm. Detail one approach that may be taken to solve this mathematical problem.
	[10 Marks]

ANS:
2c)   	Student is expected to identify the requirement to calculate the angle between two vectors, and to suggest using the following trigonometric function: 

opp = sin(theta)*hyp


[10 Marks]






3a)	Provide an algorithm for detecting whether a plane surface on a single convex object, for example a triangle, will be visible to a viewer. Indicate how the algorithm might be made more efficient.

											[8 Marks]
ANS:
3a)	Pre-condition: Given Normalised normal (N), 3 vertices and viewpoint (Pv)
           	( these details can be distributed through algorithm though)
	Choose a vertex => P1.
Calculate view vector: V= Pv-P1     
Normalise V, call this Vn.    
D=Vn.N   (dot product)    
If (D>0) then visible else not visible. 

5 marks for algorithm /explanations– including any pre-conditions/assumptions.
3 marks for optimisations/explanations.

This algorithm is already optimised.  Student would explain the algorithm determines whether the angle between the vectors is between +/-90 degrees and a naïve algorithm would calculate this angle, however there is no need.  We can establish visibility by using the dot product (V.N) to test whether cos(Theta) is positive.  If V and N are normalised this simplifies the calculation further as their product is unity.





3b) 	 In the polygon shown below the co-ordinates represent the position of each vertex of the polygon.  Assuming a right-handed co-ordinate system, calculate the front facing surface normal of this triangle.

P0 = (16, 16, 17)
P2 = (19, 16, 13)
P1 = (15, 15, 16)



	i
	j
	k

	4
	1
	-3

	1
	1
	1









		
									


[8 Marks]

ANS:
3b)   	Create  two vectors – preferably with a common tail point: eg a= ( 16-15,16-15,17-16 ) = (1,1,1) and b=(19-15, 16-15,13-16)=(4,1,-3).
Use cross product: bxa=c calc using formulae or determinant method – 
 	(student to choose front face normal direction)



=  (1+3, -(4+3), 4-1) = (4, -7, 3)



	4 marks for calculating vectors, 4 marks for calculating cross product.	


3c) 	 Use the algorithm you provided in question 3a) above to determine if the triangle is visible to a camera placed at position (20, 20, 11)
											[10 Marks]

ANS:
3c)       Normal, N = (4, -7, 3);  P1 = (15, 15, 16); 		
Normalized normal Nn = N/|N|
Length of N, |N| = sqrt(16 + 49 + 9) = sqrt(74) = 8.66
Nn = (4/8.66, -7/8.66, 3/8.66) = (0.462, -0.808, 0.346)               
[3 marks for normalising N]
View Vector, V = (20 -15, 20-15, 11-16) =  (5, 5, -5);       
[3 marks for normalising V]

|V| = sqrt( 25 + 25 + 25) = sqrt(75) = 8.66
Vn = V/|V| = (5/8.66, 5/8.66, -5/8.66) = (0.58, 0.58, -0.58)
Vn.Nn = 0.58*0.462 -0.808*0.58 -0.346*(-0.58).   –ve, so not visible.   
[2 marks for dot prod, 1 for test result]
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