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3D videogames

Spatial transforms 
for 3D games

Marco Tarini

Course Plan 

lec.  1: Introduction  
lec.  2: Mathematics for 3D Games 

lec.  3: Scene Graph ◗

lec.  4: Game 3D Physics  + 
lec.  5: Game Particle Systems 
lec.  6: Game 3D Models 
lec.  7: Game Textures 
lec.  9: Game Materials 
lec.  8: Game 3D Animations 
lec. 10:  Networking for 3D Games 
lec. 11: 3D Audio for 3D Games 
lec. 12: Rendering Techniques for 3D Games 
lec. 13: Artificial Intelligence for 3D Games 
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A Spatial Transformations
is a function

 input: 
 a point, or
 a vector, or
 a versor

 output: 
the same type
as the input
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Transform
A

Transform
B

Virtual
World

fA fB fC fD

Basic concept: associate (and store)
a Transofrm to each object in the game

world
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Transforms in 3D games

 Each object of the game
is placed in the scene
 the virtual world
 shared by all the current objects

 This is done by transforming that object
 That is, by applying a transform to all 

points, vectors, versors of its representation
 in all the corresponding assets
 (for meshes: this is done on-the-fly, during rendering, 

by the rendering engine)

 A transform is associated and stored to each object
 in CG, it would be called its « modelling transform »

a character, a spaceship, 
a bullet, a house, a camera,
a light source, an explosion,
a sound emitter, a spawn pos, 
…anything at all!

Modelling and storing a transform

 The affine transformation T associated to an object
in the game goes…
 from: its own «object space» 

(or «local space» , or «pre-transform space» ) 
 to: the common «world space» 

(or «global space» , or «post-transform space» )

 in CG, T would be called its « modelling transform »
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How do we internally model and store
a spatial transform?

 Many answers are possible and valid!
 In Computer Graphics and other fields,  a particular 

useful class of transformations is used: 
the Affine transformations

 They can conveniently be stored as a 4×4 matrices
 SPOILER: for 3D Video-Games, 

this is not the ideal solution.
Instead, we use a subset or another of that class
 A better class is the one termed, in math, a “similarity”

 Because the transforms used in games are still affine, 
we will first discuss how Affine Transformation work

Affine transformations
in a nutshell

 An affine transformation is just an arbitrary 
redefinition of the reference frame (orgin+axis)
 The object will be transformed by re

 To define affine transformation,
just freely a new reference frame (or space):
 a new origin (a point) 
 a new set of 3 axis (3 vectors)

 Objects (vectors & points) will be transformed by 
reinterpreting their coordinates
in the new reference frame
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Affine transformations
in a nutshell

f

Affine transformations
in a nutshell

f
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Local Space

World Space

Transform

𝐩

𝐲⃗

Given:
three “axis” vectors  𝐱  𝐲⃗  𝐳⃗
one “origin” point  𝐩
and 
any point  𝐚 or vector 𝐯
on the model

Write an expression that
expresses the same
point or vector
in world space

𝐳⃗

𝐱

𝑥 𝑦

𝑧

the local
reference
frame

Note: 𝐱  𝐲⃗  𝐳⃗ and 𝐩 are 
points/vectors expressed 
in WORLD SPACE coords

𝐚 , 𝐯 are
points/vectors expressed 
in LOCAL SPACE coord

Expressed in 
local coords

Math-problem:
switching reference frame

 Given
 three “axis” vectors  𝐱  𝐲⃗  𝐳

 one “origin” point  𝐩
and

 a point  𝐚 =

𝑎𝒙

𝑎𝒚

𝑎𝒛

 or   vector 𝐯 =

𝑣𝒙

𝑣𝒚

𝑣𝒛

on the model

 Write an expression to find 
 the corresponding point    𝐚ᇱ or vector 𝐯ᇱ

but xpressed in world space

the local
reference

frame

Note: 𝐱  𝐲⃗  𝐳⃗ and 𝐩 are 
points/vectors expressed 
in WORLD SPACE coords

𝐚 , 𝐯 are
points/vectors expressed 
in LOCAL SPACE coord

expressed
in local 
coords
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Math-problem:
switching reference frame

𝐚′ = 𝐩 + 𝑎𝒙 𝐱  + 𝑎𝒚 𝐲⃗  + 𝑎𝒛 𝐳⃗

𝐯′ = 𝑣𝒙 𝐱  + 𝑣𝒚 𝐲⃗  + 𝑣𝒛 𝐳⃗

these equations can be written concisely using matrix notation…

The Matrix-Vector product is…

 n dot products 
of its rows with the vector

 but also…

· =

A

D

C

B

·

·

·

·

A

B

C

D
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The Matrix-Vector product is…

 …a linear combination of its columns

· =

x

z

y

w

x +· y +· z +· w ·

A DCB A DCB

Affine Transf: how to apply them 
(in one slide)

M
0
0
0
10  0  0

t

points: versors:vectors:

X
Y
Z
1

X
Y
Z
0

X
Y
Z
0

transforms:
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Why it works:
the Matrix  is…

 …a direct description 
of the “starting” reference frame

0 0 0 1

M =

Local Space

World Space

Transform

xො

zො

𝐩

yො

0 0 0 1

xො yො zො 𝐩
𝐌 =
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An affine transformation (in 3D)
is simply a 4×4 matrix

 General case :

 Equivalently, can be stored as:
Mat3x3 M   and    Vec3 t

M
0
0
0
10  0  0

t

vector 3

3x3 submatrix

Rotation +
Scaling +
Shearing

Traslation

always
0,0,0,1

Affine Transf: how to apply them 
(in one slide) – [notes]

 Take the (x,y,z) cartesian coords of the 
point / vector / versor to be transformed

 Append a 4th “affine” coordinate w as
 1 , for points
 0 , for vector (or versors - sadly, we can’t discriminate)
 Terminology: the resulting 4D vector is the 

“homogeneous coordinates” of the point/vector

 Multiply the transform matrix M by this (column) 
4D vector to get the transformed point / vector 
 Note: as we wanted, points always become points, 

vectors (and versors) become vectors
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