Q1
The specular component of the Phong Illumination model (aka ADS) is given by the equation:-
[image: Text

Description automatically generated]
Explain  what is meant by each variable in the equation.  
										[7 Marks] 
If the angle between the view vector and the reflected ray is 55 degrees, the specular reflectance component is 0.4, the specular exponent is 3 and the light intensity is 0.7, then calculate the specular component, Ispec.
										[6 Marks]
Answer
Phi= 55 degrees;
Ks = 0.4;
Is=0.7
n = 3.
Ispec = 0.4*0.7*(cos(55))^3; 0.28*(0.573)^3
  Ispec = 0.28*0.1887;  Ispec=0.053

For the same material being modelled, the diffuse reflectance component is 0.34; the light source is located at position (12,5,1), the vertex position is (4,4,1) and the surface normal is (0.1, 5, 0.2) and the light intensity is 0.7 (as previously stated). What is the reflected light intensity?
The diffuse reflected component is given by:-
Idiff = Kd Ip cos(Theta) = Kd Ip(N.L)
											[12 Marks]

Answer:
Solution: 
1. Normalize N and L.
2. Calc the dot product N.L
3. Calc Idiff.
Step1:
a) Normalise N.
      i) Find length of N
          N = (0.1, 5, 0.2);
          Length of N is, from pythag. theorem,
          |N| = sqrt(x^2 + y^2 + z^2).
          |N|=sqrt(0.1^2 +5^2 +0.2^2)
          |N| = sqrt(0.01 + 25 + 0.04)
          |N|=sqrt(25.05)
          |N| = 5.005
     ii) To normalise we divide each 
          component by |N|
         norm(N)= (0.1/5.005, 5/5.005, 0.2/5.005) = (0.02,1.0,0.04)
   b) Normalize L. First we need to find L.   
Find L.
L= Pl-V where Pl is position of light; V is vertex position. The light source is located at position (12,5,1), the vertex position is (4,4,1) 
L= (12-4, 5-4,1-1) = (8,1,0)
Find length of L.  Sqrt(8^2+1^2) = sqrt(65) = 8.06. 
|L| = 8.06
Normalize L.
Norm(L) = (8/8.06, 1/8.06, 0) = ( 0.993, 0.124,0)
Norm(N)= (0.1/5.005, 5/5.005, 0.2/5.005) = (0.02,1.0,0.04)
Idiff = Kd Ip cos(Theta) = Kd Ip(N.L)

Step 2.  Calc dot product of normalised N and L
Norm(N).Norm(L) = 0.993*0.02 +0.124*1.0  + 0*0.04
                               =0.01986+0.124+0
                               = 0.14386
Step 3:
Calc Idiff
Idiff = Kd Ip cos(Theta) = Kd Ip(N.L)
Kd= 0.34
Ip=0.7
N.L= 0.14386
Idiff = 0.34*0.7*0.14386
Idiff=0.0342

Q2
Explain, with the aid of diagrams what is meant by the half-way vector and explain its role in the Blinn-Phong illumination model. 
										[12 Marks]					
 How does this model improve upon the Phong (ADS) illumination model?
										[6 Marks]

Attenuation of light intensity can be modelled in a variety of ways.  State what is meant by attenuation in illumination models and show, with the aid of diagrams how the “inverse square” radial intensity term occurs in lighting models.
										[7 Marks]
Answer: See illumination powerpoint on Moodle.

Q3
The following diagram illustrates the idea of the half way vector, H.[image: Diagram
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Explain how this vector is created and how cos( can be calculated efficiently.
										[7 Marks]
Light intensity, Li, can be approximated with the equation,
Li = 1.0 / (a+b*d+c*d2).  Explain the meaning of each variable and discuss how these variable are used to approximate light source attenuation.
										[12 Marks]
What are the default values for the variables a, b and c when no attenuation is required? Explain your choices.
										[6 Marks]
Answer: See illumination powerpoint on Moodle.
Q4
Non-linear interpolation can be used to generated curves and spline segments procedurally. To ensure a smooth transition from one spline segment to the next we can impose various continuity conditions at the connection points.  These conditions are known as zero-order parametric continuity (C0), first-order parametric continuity (C1) and second-order parametric continuity (C2).  Explain these terms and where appropriate, use diagrams to illustrate your answer.
										[9 Marks]
Cubic Hermite splines have two control endpoints and two endpoint tangent vectors. The curve begins and ends at the control endpoints. Using a diagram provide an example cubic spline identifying the start point, end point and two tangent vectors. Explain how the tangent vectors can be used to control the shape of the curve.
										[8 Marks]
What is the continuity order of a Hermite cubic spline?
The following equation is used to calculate a point on a Hermite cubic spline.
If P1=(1,2); P2=(5,4); R1=(2,8) and R2=(2,-4), then find the point P(t) when t=0.1.
[image: ]

Px(0.1)=(2*0.1^3 -3*0.1^2 + 1)*1 +(0.1^3 -2*0.1^2 +0.1)*2 +(-2*0.1^3 + 3*0.1^2)*5 +(0.1^3-0.1^2)*2
Py(0.1)=(2*0.1^3 -3*0.1^2 + 1)*2 +(0.1^3 -2*0.1^2 +0.1)*8 +(-2*0.1^3 + 3*0.1^2)*4 +(0.1^3-0.1^2)*(-4)
P=(1.256,2.74)
										[8 Marks]

Q5
Post-processing effects of textures can be achieved through the use of convolution of an image with a kernel.
Assuming you use a 3 by 3 kernel mask, explain how a low pass blurring filter can be used to blur an image. Identify any difficulties that might occur when convolving the image with the mask and suggest solutions.
											[10 Marks]
Apply the Sobel kernels, kx and ky to pixel (col2, row3) on the pixel grid shown below.  Calculate the gradient magnitude and the gradient angle using the following equations.
	
	         Equation 1

	
	


	
	Equation 2

	
	


Gx is the result of convolving the kx mask with a given pixel.
Gy is the result of convolving the ky mask with a given pixel.

	
	
	
	
	
	
	
	
	
	Col1
	Col2
	Col3
	Col4
	Col5

	-1
	0
	+1
	
	+1
	+2
	+1
	
	Row1
	75
	75
	75
	15
	15

	-2
	0
	+2
	
	0
	0
	0
	
	Row2
	75
	75
	15
	15
	7

	-1
	0
	+1
	
	-1
	-2
	-1
	
	Row3
	75
	15
	55
	8
	0

	
	kx
	
	
	
	ky
	
	
	Row4
	15
	55
	8
	0
	0


                                   
                                  								[15Marks]
		 
Q4 Answer
See powerpoints/classwork for explanation of image convolution.
Gx=(-1*75 -2*75-1*15 +1*15+2*55+1*8) = -240+133  = -107
Gy=(+1*75 +2*75+1*15 -1*15-2*55-1*8) = 240-133  = 107

G = sqrt(107^2+(-107)^2) =151
Theta = tan-1(107/-107 )= tan-1(-1) = 225o
Q5
Explain what is meant by aliasing in an image.  Explain two methods used to tackle aliasing in computer generated images.  Compare and contrast each method and identify which method would be better suited to real time rending of  computer images.  Justify your choice.
										[13 Marks]
What is meant by the term temporal aliasing?  Identify two approaches used to reduce temporal aliasing and critically evaluate both methods from the context of real time image rendering.

										[12 Marks]

Answer: See aliasing and anti-aliasing powerpoint on Moodle.
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