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Computer Graphics Ray Casting/Tracing

 When you look at an object, you see the light that is 

reflected from the surface of the object 

 The eye has a lens and pupil with a small radius

 Can be approximated as a pinhole

Vision
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Computer Graphics Ray Casting/Tracing

 In computer graphics, it is usual to replace the eye with a 

plane and a pinhole

The pinhole optics inverts the image but in computer 

graphics we move the view plane in front of the pinhole to 

remove the inversion 

camera

Vision
Cont.

Computer Graphics Ray Casting/Tracing

Traditional Pinhole Camera

 The most common model is pinhole camera 

The film sits behind the pinhole of the camera.

 Rays come in from the outside, pass through the pinhole, and hit the film 

plane.

PinholeFilm Plane

Photograph 

is upside 

down
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Computer Graphics Ray Casting/Tracing

Virtual Camera

 The film sits in front of the pinhole of the camera.

 Rays come in from the outside, pass through the film plane, and hit the 

pinhole.

Pinhole Film Plane

Photograph 

is right side 

up

Computer Graphics Ray Casting/Tracing

Virtual Camera

Pinhole Film Plane

Photograph 

is right side 

up

Camera Parameters

 Orientation 
(View and Up Direction)

 Eye position

 Film Plane 
(“Look at” point & View plane normal)

 Aperture 
(Field of view)
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Computer Graphics Ray Casting/Tracing

 Rasterization (graphics pipeline): Projects objects in the 
scene to a view plane, without advanced lighting effects (only 
local lighting)

 Some techniques are hard to mimic with rasterization
 Shadows (arbitrary view visibility)

 Reflection, Refraction effects

 Global, Indirect Illumination

 Ray Tracing: Invert the process of image generation by sending 
rays out from the camera, and find the intersections of the ray 
with the objects

 Note: The graphics pipeline works on a vertex-by-vertex basis; 
the ray tracer works on a pixel-by-pixel basis

Rendering Techniques 

Computer Graphics Ray Casting/Tracing

 First step in ray tracing

 Iterate over every pixel in the screen, one at a time

 Create a ray through the center of the pixel out into the scene

 Look for intersections between each ray and the scene 
geometry 

View plane
Eye position

Ray Casting
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Computer Graphics Ray Casting/Tracing

A ray is defined by a Direction �� and an origination point ��

Ray Casting

Direction ��

Origin �� (point in space with x, y, z)

Cont.

Computer Graphics Ray Casting/Tracing

Ray Casting: shooting a Ray out in that Direction and finding 

what gets hit

Origin �� (point in space with x, y, z)

Direction ��

Ray Equation: Point(distance) = Origin + distance * Direction
� � =  �� + � ∗ ��

Ray Casting
Cont.
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Computer Graphics Ray Casting/Tracing

Rays can be created between two points 

A

B

Direction = 

 � �

∑ (�����)��
���

Ray Casting
Cont.

Computer Graphics Ray Casting/Tracing

Rays can be created between two points 

A

B

Direction = 

 � �

∑ (�����)��
���

Ray Casting
Cont.

If something gets in between, 

then point B is in shadow
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Computer Graphics Ray Casting/Tracing

 The ray equation � � =  �� + � ∗ ��

 In ray casting, we are only interested in the nearest ”hit” 

point, then we take d = 3

 � 3 =
1

1
+ 3 ∗

1

0
=

4

1
                                                 

The pixel will be colored by the color of point (4,1) on the wall

Ray Casting
Cont.

Computer Graphics Ray Casting/Tracing

Ray Casting

Rays
through
view plane

View plane

Eye position

 We invert the process of image generation by sending rays out from 

the pinhole, and then we find the first intersection of the ray with the 

scene

 The color of each pixel on the view plane depends on the radiance 

emanating from visible surfaces

 For each sample

 Construct ray from eye 

position through view plane

 Find first surface intersected 

by ray through pixel

 Compute color sample based 

on surface radiance 

Cont.
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Computer Graphics Ray Casting/Tracing

 Ray tracing uses the ray casting mechanism to recursively 
gather light contributions from reflective and refractive objects 

 As a ray traverses the scene, 
 it may reflect from one object to another (causing reflections), 

 be blocked by objects (causing shadows), 

 pass through transparent or semi-transparent objects (causing refractions)

http://www.realtimerendering.com/raytracinggems/unofficial_RayTracingGems_v1.8.pdf

Ray Tracing

 All these interactions are 
combined to produce the final 
color of a pixel that then 
displayed on the screen.

Computer Graphics Ray Casting/Tracing

It traces rays of light from the eye (or camera) back through the image plane 

(each pixel) into the scene. Then the rays are tested against all objects in the 

scene to determine if they intersect any objects. If the ray misses all objects, then 

that pixel is shaded the background color. Ray tracing handles shadows, multiple 

reflections, and texture mapping in a very easy straight-forward manner.

 For every pixel

 Construct ray from eye position 

through view plane

 For every object in the scene 

o Find intersection with the 

ray

o Keep if closest

o Shade/reflection/refraction  

depending on light (L) and 

normal vector (N)  

N

L

Ray Tracing Cont.
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Computer Graphics Ray Casting/Tracing

 Ray Tracing is so time-consuming because of the intersection 
calculations. 

 Since each ray must be checked against all objects, for a 
naive ray tracer (with no speedup techniques) the time is 
proportional to the number of rays X the number of objects in 
the scene. 

 Each intersection requires from a few (5-7) to many (15-20) 
floating point (fp) operations. 

 Thus for a scene with 100 objects and computed with a 
spatial resolution of 512 x 512, assuming 10 fp operations 
per object test there are about 250,000 X 100 X10 = 
250,000,000 fps. 

 This is just for the primary rays (from the eye through the 
image plane) with no anti-aliasing. Clearly there are 
computational problems with this

Cont.Ray Tracing

Computer Graphics Ray Casting/Tracing

 There are several approaches to speeding up computations:

 Use faster machines 

 Use specialized hardware, especially parallel processors

 Speed up computations by using more efficient algorithms

 Reduce the number of ray - object computations 

Cont.Ray Tracing
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Computer Graphics Ray Casting/Tracing

 Ray casting: 
 Works with primary rays only to speed up the calculations

 Doesn’t render reflections, refractions, and shadows 

which can be faked by texture mapping

 Fast 

Ray Casting vs. Ray Tracing

 Ray tracing:
 Secondary rays are used for testing shadows, doing reflections, refractions

 Computationally expensive and not the best option for time-sensitive 

applications (unless you use a powerful GPU)

 Best suited for realistic image creation and cinematography 

Computer Graphics Ray Casting/Tracing

Rasterization + Ray Tracing

Use Rasterization to get the initial view of the world, then use ray tracing to get 

better lighting effects
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Computer Graphics Ray Casting/Tracing

OpenGL Double Buffering

 Double buffer is a technique for tricking the 

eye into seeing smooth animation of 

rendered scenes.

 The color buffer is usually divided into two 

equal halves, called the front buffer and the 

back buffer.

 The front buffer is displayed while the 

application renders into the back buffer.

 When the application completes rendering 

to the back buffer, it requests the graphics 

display hardware to swap the roles of the 

buffers, causing the back buffer to now be 

displayed, and the previous front buffer to 

become the new back buffer. 

Computer Graphics Ray Casting/Tracing

 Request a double buffered color buffer

 glutInitDisplayMode( GLUT_RGB | 
GLUT_DOUBLE );

 Clear color buffer

 glClear( GL_COLOR_BUFFER_BIT );

 Render scene

 Request swap of front and back buffers

 glutSwapBuffers();

 Repeat steps 2 - 4 for animation: add in a 

timed delay to make our rendering consistent.

 glutTimerFunc(30, Timer, 0);

Animation Using Double Buffering

Cont.OpenGL Double Buffering
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Computer Graphics Ray Casting/Tracing

OpenGL Depth Buffering

 Depth buffering is a technique to 

determine which primitives in 

your scene are occluded by 

other primitives.

 As each pixel in a primitive is 

rasterized, its distance from the 

eye point (depth value), is 

compared with the values stored 

in the depth buffer. 

 If the pixel’s depth value is less 

than the stored value, the pixel’s 

depth value is written to the 

depth buffer, and its color is 

written to the color buffer

Computer Graphics Ray Casting/Tracing

 Request a depth buffer

 glutInitDisplayMode( 
GLUT_RGB | GLUT_DOUBLE 
| GLUT_DEPTH );

 Enable depth buffering

 glEnable( GL_DEPTH_TEST );

 Clear color and depth buffers

 glClear( 
GL_COLOR_BUFFER_BIT | 
GL_DEPTH_BUFFER_BIT );

 Render scene

 Swap color buffers

Cont.OpenGL Depth Buffering


