
Tutorial 7: Ray Tracing

A solid modelling system uses the following primitives:

Cylinder 
: C1 , C2 , r
Sphere 
: C , r
Box

: A, e1 , e2 , e3
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The system is to draw the scene in orthographic projection. The viewing direction is parallel to the z axis:
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1.  Assuming a ray starts from a pixel with location 
[image: image5.wmf])

,

(

pix

pix

y

x

, devise a test for each primitive to identify simple cases when the ray cannot intersect it.

2.  Use your tests to decide if the following rays:
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	Ray 1
	(32, 52)

	Ray 2
	(32, 58)


can be ruled out from intersecting the following objects:

	
	C1 
	C2
	r

	Cylinder 1
	(20, 50, 50)
	(50, 50, 50)
	10

	Cylinder 2
	(35, 55, 40)
	(35, 55, 60)
	5


	
	C
	r

	Sphere 1
	(20, 50, 50)
	10


	
	A
	e1
	e2
	e3

	Box 1
	(35, 45, 40)
	(15, 0, 0)
	(0, 15, 0)
	(0, 0, 20)

	Box 2
	(30, 55, 40)
	(5, 0, 0)
	(0, -5, 0)
	(0, 0, 20)


3.  For rays that intersect in Q2, what is the surface normal at the point of intersection?

4.  Devise a suitable general test for use in perspective projection.
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Answers


Q1.
Tests to exclude simple cases where we can be sure a ray starting at 
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does not intersect the object:

Cylinder :  
Radius
: r
Centre 1 
: (x1, y1, z1)
Centre 2 
: (x2, y2, z2)
Bounding rectangle in xy plane:
xmin = min(x1, x2) - r

xmax = max(x1, x2) + r 

ymin = min(y1, y2) - r

ymax = max(y1, y2) + r
Test :
No intersection if 
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Sphere:  
Radius
: r
Centre
: 
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Bounding rectangle in xy plane:

xmin = cx - r

xmax = cx + r 

ymin = cy - r

ymax = cy + r
Test :

No intersection if 
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Box:
Apex
: (ax,ay,az), 
Edges:


e1
: (x1, y1, z1)

e2 
: (x2, y2, z2)

e3
: (x3, y3, z3)
Bounding rectangle in xy plane:

xmin = ax + min(x1, x2, x3)
xmax = ax + max(x1, x2, x3)

ymin = ay + min(y1, y2, y3)
ymax = ay + max(y1, y2, y3)

Test :

No intersection if 
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-------------------------------------------------------------------------------
Q2.
Using the tests of the previous question, can the rays starting at (32,52) and (32,58) be ruled out from intersecting with the given shapes:
	
	C1 
	C2
	r

	Cylinder 1
	(20, 50, 50)
	(50, 50, 50)
	10


xmin = 20 - 10 = 10
xmax = 50 + 10 = 60

ymin = 50 - 10 = 40
ymax = 50 + 10 = 60 

The simple test fails for both Ray1 and Ray2, i.e. each ray could still intersect with cylinder 1 and a further test is needed to decide for sure.
For this particular cylinder, the central axis runs parallel to the x-axis, this means that the cylinder projects onto a simple rectangle in the xy-plane.
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It is then easy to see that both rays actually do intersect the cylinder.
	
	C1 
	C2
	r

	Cylinder 2
	(35, 55, 40)
	(35, 55, 60)
	5


xmin = 35 - 5 = 30
xmax = 35 + 5 = 40

ymin = 55 - 5 = 50
ymax = 55 + 5 = 60
The simple test fails for both Ray1 and Ray2, i.e. each ray could still intersect with cylinder 2 and a further test is needed to decide for sure.
For this particular cylinder, the central axis runs parallel to the z-axis, this means that the cylinder projects onto a circle with radius 5 in the xy-plane.  A second test can be carried out by calculating the distance between each ray’s pixel and the centre of the circle and testing if it is less than the radius.

	
	C
	r

	Sphere 1
	(20, 50, 50)
	10


xmin = 20-10 = 10
xmax = 20 + 10 = 30

ymin = 50 - 10 = 40
ymax = 50 + 10 = 60 

Both Ray1 and Ray2 are outside the bounding rectangle, i.e. we can be sure they miss the sphere.
	
	A
	e1
	e2
	e3

	Box 1
	(35, 45, 40)
	(15, 0, 0)
	(0, 15, 0)
	(0, 0, 20)


xmin = 35+0 = 35
xmax = 35+15 = 50

ymin = 45+0 = 45
ymax = 45 + 15 = 60

Both rays are outside.
	
	A
	e1
	e2
	e3

	Box 2
	(30, 55, 40)
	(5, 0, 0)
	(0, -5, 0)
	(0, 0, 20)


xmin = 30

xmax = 35

ymin =50

ymax = 55
The test excludes Ray2, it is definitely outside the bounding rectangle so it will not intersect the box.

The test fails for Ray1, so it may intersect the box.  Note however that the edges of Box 2 are all parallel with the coordinate axes which means that Ray1 does in fact intersect the box.

-------------------------------------------------------------------------------

Q3.
Cylinder 1: 

As noted in the previous question, this cylinder’s main axis runs parallel to the x-axis. This means that the normals at the points where a ray intersects are in the yz-plane, i.e. they have no x component.

Consider a section through the cylinder parallel to the yz-plane:
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Right angled triangles can be obtained using the point where a ray intersects the cylinder, the point on the diameter below the intersection and the centre of the cylinder’s cross-section.  These triangles can be used to obtain the components of the normals at the ray’s intersection point.

	Ray
	Components
	Normalised

	1
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Cylinder 2:

Both rays miss.

Box 1:

Both rays miss

Box 2:

Ray 1 hits end on, normal vector (0, 0, -1). Ray 2 misses 

-------------------------------------------------------------------------------

Q4.
For perspective projection, placing bounding spheres around the objects is the best bet. The test is to calculate the distance of the centre of the sphere from the ray. If the ray is given by S + d, and the centre of the bounding sphere is C, the closest point that the ray gets to the centre of the sphere is given by the value of  for which:

(C - S - d)∙d = 0
i.e. we are finding a perpendicular from the point C to the ray.
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If we use a unit vector for d, we have:
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Using the calculated value of , we can test if
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for a possible intersection. We can solve for the value of r where (C - S - d) ∙ (C - S - d) - r2 = 0. In practice a simple to compute condition can be obtained.
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