CompSci 373 Tutorial

Ray Tracing
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What is a Ray Tracer?
® What does it do?

= “Simulate” image capturing process done by a camera

®* What does it take as inputs and what does it produce as
output(s)?
= Take: shape and location of objects in surrounding

environment, and where you are

= Return: a single realistic 2D image




s

What is a Ray Tracer?

° Why is it important?




How does a camera work?

Light Source
a Camera

Image




How does a ray tracer work?

SRS ST AW

(4]

4

5 .".7".'“.




How does a ray tracer work?
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How does a ray tracer work?

Image




Structure of a Ray Tracer

® What do we have to start with?
=  Where we're standing? (the location of the camera —
a 3D point)
= Height and Width of the Image we want to produce
= The distance between the camera and the image
= A collection of objects in the scene (shape & colour,
position)
= A collection of light sources (colour & location)
*  What do we want?

= A 2D image of how the scene looked from where we
stand




Structure of a Ray Tracer

foreach pixel in the output image

¢ 1. Construct a ray starting from the camera through the pixel
2. Find the first object hit by this ray
3. Compute the color at the intersection point
4, Assign the color to the pixel

¥

\ Image Plane




1. Ray Construction

* Aray is defined by an origin and a direction.
= Origin (3D point): where was the ray shot from?

= Direction (3D vector): where does it go?

Origin of the ray




1. Ray Construction

e Now we have:
= The origin

= We can compute the direction of a ray (x’ — camera.x, y’

— camera.y, -N)

/




2. Closest Object Intersection

® A ray is parameterised by a arithmetic distance t. It denotes

the distance of a point on the ray from the origin.

p=0+1td

G

P(t) = P(0) + t * direction

Origin (PO)




2. Closest Object Intersection

* To tind the closest intersected object, we iterate through each
object and find if there is an intersection point. If there is,
retrieve the t value for that point. The hit point with smallest

t tells us which object is nearest.

This t1 will have the
sma.llest value
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2. Object Intersection - Plane

® Plane equation

nep=a

®c

L Ray equation

Find the common poifif p
p =0+ td that lies on the ray and the plane

* Find the point p
ne(o+td)=a

neo+netd =a

netd =a—(neo0)
~a—(ne0)
"~ ned

t

® Only acceptt >0

.




2. Object Intersection - Sphere

A sphere with center ¢ = (x, y,, z_) and radius r can be

represented by the implicit equation
(X_ Xc)2 + (y _ yc)2 + (Z o Zc)2 — r2
® Rewrite in vector form
(p—c)e(p—c)=r~
° Ray equation

p=o0+td




2. Object Intersection - Sphere

¢ Find the common point p

(0+td —c)e(0+td —C)=r"
(ded)t?+[2(0—c)edft+(0—c)e(0—C)—r* =0

at’+bt+c=0




2. Object Intersection - Sphere

¢ Find the common point p

(0+td —c)e(0+td —C)=r"
(d ed)t? +[2(0—c)ed}+(0—c)e(0—c)~ri=0

\ O/

at’ +bt +c=
e Solve for t: 3 cases

= (O solution: ray missed the sphere
= 1 solution: ray hits the sphere at 1 point

= 2 solutions: ray hits the sphere at 2 points — get the one
with smaller t
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2. Object Intersection — Open Cylinder

4y ® A unit cylinder with radius r with
infinite high can be represented by the

implicit equation

® To determine if a given ray intersect a

sphere with a certain height.

® Find out if the ray intersects the
infinite cylinder

® Find out it the y coordinate of the
hit point is > y, and <'y,




3. Objects and Colors

Each object has 3 colour components (ambient, diffuse,
specular), which once combined in a certain way

produce the final colour.

*  The colour of an object is also influenced by the number
of light sources and light colours. Each light source will

also have 3 colour components.

Ambient Diffuse Specular = Phong Reflection

/




3. Color at intersection Point

Lets ignore the illumination, and only use the ambient colour

of the object.

If a ray hit an object, assign the ambient colour of that object

to the current pixel - no shading Background

/ colour

Sphere

Plane
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Where are we?

Amblent Diffuse Specular = Phong Reflection

We are here
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Where are we?

Amblent Diffuse Specular = Phong Reflection

We are here Next step




Add Diffuse lllumination

The amount of light at a pixel is the sum of the contribution of

each individual light source.

We should not take into account any light that is not visible from
our side of the surface. That is it the normal to the sphere and the

light direction, point toward opposite direction

> O Normal O

Light Direction /

Light Direction = Light’s Locaition - HitPoint

Normal = hitPoint — sphere center
Need to normalize




Add Diffuse lllumination

So do what we do?

For each light source

Construct a ray starting at the hit point, heading toward the current light
Make sure the light and the hit point is on the same side (use dot product)
Compute the diffuse colour at the current pixel (must take into account light's
contribution)

ol

s:m
s|m

5. Add the diffuse colour to the ambient colour earlier

Diffuse = 1,0, *L, 04 *

With s the light direction and m the normal of the object at the
hit point




Add Diffuse lllumination

So do what we do?

For each light source

Construct a ray starting at the hit point, heading toward the current light
Make sure the light and the hit point is on the same side (use dot product)
Compute the diffuse colour at the current pixel (must take into account light's

contribution)

FoR L L

Diffuse = 1,0, *L, 04 * ——

5. Add the diffuse colour to/the ambient colour

With s the light djrection and m the normal of the object at the
hit point

Diffuse colour of Diffuse scale Diffuse colour of

the object factor the current light
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What do we have?




What do we have?

How height above the ground these spheres lie?

Real world objects often cast shadow.




Add Shadow

The amount of light at a pixel is the sum of the contribution
of each individual light source EXCEPT light sources that
are blocked by other objects




Add Shadow

Given an intersection point and a light source, how could we
know if that light source is blocked from the point’s

perspective?

o O




Add Shadow

Given an intersection point and a light source, how could we
know if that light source is blocked from the point’s

perspective?

X¥ Solution: Shoot another ray
from the intersection point

toward the light source

Check if the new ray intersects

with any object?

If it does, the light is blocked,
ignore that light
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Add Shadow

So do what we do?

1. For each light source
2. Construct a ray starting at the hit point, heading toward the current light
3. Make sure the light and the hit point is on the same side (use dot product)

//shadow
4. Construct a new ray originates from the hit point, going to the current light.
5. Check if that ray intersects any object? If yes, ignore this light.

J/diffuse
6. Compute the diffuse colour at the current pixel (must take into account light's
contribution)

) S-m
Diff = | *L *
Iuse dpd dpd ‘SHm‘

7. Add the diffuse colour to the ambient colour earlier
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What does it look like?
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Where are we?

Amblent lefuse Specular = Phong Reflection

We are here Next step
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Add Specular Light

Model shiny surface by adding additional specular reflection

S-m

Ambient + Diffuse = Ambient + 1, p, |s||m|

Specular =1 p{h'—m]
[Ami
Ambient + Diffuse + Specular

/




Add Specular Light

Compute Specular component

Specular = ISpS*LSpS*(h'mJ

AR

Specular colour of Specular scale

the object factor

h is the half—way vector between light direction vector s and

Vv

alpha is the specular scaling




Add Specular lllumination

So do what we do?

1. For each light source
Construct a ray starting at the hit point, heading toward the current light

2.

3. Make sure the light and the hit point is on the same side (use dot product)

/ /shadow

4. Construct a new ray originates from the hit point, going to the current light.

5. Check if that ray intersects any object? If yes, ignore this light.

Jfdiffuse

6. Compute the diffuse colour at the current pixel (must take into account light's
contribution)

. S-Mm

— * *

Diffuse = 1,0, * L, py *——
Sl

7. Add the diffuse colour to the ambient colour earlier

//specular
8. Compute Specular colour

(04

« h-m

Specular = 1,0, *L. p, W

9. Add the computed specular colour to the colour we have so far
18. Assign the colour to the current pixel




What do we have?




