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Overview of 3D Modeling

Modeling
Create 3D model of scene/objects

Coordinate systems (left hand, right hand)

Basic shapes (cone, cylinder, etc.)

Transformations/Matrices

Lighting/Materials

Synthetic camera basics

View volume

Projection
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Coordinate Systems

Right-handed and left-handed coordinate

systems
Make an "L" with index finger and thumb

No real "standard," but...

Converting from one to the other is a simple
transformation

+Y

+X

+Z

+Y

+X
+Z

Right-Handed Coordinate
System

Left-Handed Coordinate
System
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Right-Handed Coordinates

To determine positive rotations
Make a fist with your right hand, and stick

thumb up in the air (CCW)

+Y

+X

+Z
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Hierarchical Transformations

Graphical scenes have object
dependencies

Many small objects

Attributes (position, orientation, etc.)
depend on each other

base

lower arm 

hammer

A Robot Hammer! 
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Hierarchical Transformations

(cont.)

Object dependency description using tree
structure

Base

Lower arm 

Upper arm 

Hammer

Root node

Leaf node

Object position and orientation  
can be affected by its parent, 
grand-parent, grand-grand-parent, 
… nodes 

Hierarchical representation 

is  known as Scene Graph
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Transformations

Two ways to specify transformations
1. Absolute transformation: each part of the

object is transformed independently relative
to the origin

Translate the base by (5, 0, 0);
Translate the lower arm by (5, 2, 0);
Translate the upper arm by (5, 4, 0);
Translate the hammer head by (5, 4, 4)
… 

x

z

y

x

z

y
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Relative Transformations

A better (and easier) way
1. Relative transformation: Specify the

transformation for each object relative to its
parent

Step 1:
Translate the base (and its
descendants) by (5, 0, 0);

x

z

y

x

z

yx

z

y



5

Lindeman & Quirk (& Claypool) - WPI Dept. of Computer Science 9

Relative Transformations (cont.)

Step 2:
Rotate the  lower arm and (its
descendants) relative to the
base's local y axis by -90 degrees

x

z

y

x

z

y

x

z

y
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Relative Transformations

Using a Scene Graph

Base

Lower arm 

Upper arm 

Hammer

Rotate (-90) about its local y

Translate (5, 0, 0)

Apply all the way
down 

Apply all the way 
down 
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Introduction to Transformations
A transformation changes an object's

Size (scaling)

Position (translation)

Orientation (rotation)

We will introduce first in 2D or (x,y), build intuition

Later, talk about 3D and 4D?

Transform object by applying sequence of matrix
multiplications to object vertices
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Why Matrices?

All transformations can be performed
using matrix/vector multiplication

Allows pre-multiplication of all matrices

Note: point (x, y) needs to be
represented as (x, y, 1), also called
homogeneous coordinates
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Point Representation

We use a column matrix (2x1 matrix) to
represent a 2D point

General form of transformation of a point
(x, y) to (x’, y’) can be written as:

cbyaxx ++='

feydxy ++='
or

x '

y '

1
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Translation

To reposition a point along a straight line

Given point (x, y) and translation
distance (tx, ty)

The new point: (x’, y’)

(x,y)

(x’,y’)

or

whereTPP +=' =
'

'
'

y

x
P =

y

x
P =

y

x

t

t
T

x’ = x + tx

y’ = y + ty
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3x3 2D Translation Matrix

'

'

y

x

y

x

y

x

t

t
= +

use 3x1 vector

1

'

'

y

x

100

10

01

y

x

t

t

1

y

x

= *

Note: it becomes a matrix-vector multiplication

x’ = x + tx

y’ = y + ty
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Translation of Objects

How to translate an object with
multiple vertices?

Translate individual
vertices 
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2D Scaling

Scale: Alter object size by scaling
factor (sx, sy). i.e.,

x’ = x * Sx 
y’ = y * Sy 

(1,1)

(2,2) Sx = 2, Sy = 2  

(2,2)

(4,4)

=
y

x

Sy

Sx

y

x

0

0

'

'
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3x3 2D Scaling Matrix

=
y

x

Sy

Sx

y

x

0

0

'

'

=

1100

00

00

1

'

'

y

x

Sy

Sx

y

x

x’ = x * Sx 
y’ = y * Sy 
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2D Rotation

Default rotation center is origin (0,0)

> 0 : Rotate counter clockwise 

< 0 : Rotate clockwise 
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2D Rotation (cont.)

(x,y)  -> Rotate about the origin by 

(x’, y’)

How to compute (x’, y’) ?

x = r*cos( )
y = r*sin( )

(x,y) 

(x’,y’) 

r

x' = r*cos(  + )
y' = r*sin(  + )
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2D Rotation (cont.)

Using trig. identities

(x,y) 

(x’,y’) 

rx’ =  x cos( ) – y sin( )
y’ =  x sin( ) + y cos( )

Matrix form?

=
y

x

y

x

)cos()sin(

)sin()cos(

'

'

sinsincoscos)cos( =+

sincoscossin)sin( +=+
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3x3 2D Rotation Matrix

(x,y) 

(x’,y’) 

r

=
y

x

y

x

)cos()sin(

)sin()cos(

'

'

=

1100

0)cos()sin(

0)sin()cos(

1

'

'

y

x

y

x
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2D Rotation

How to rotate an object with multiple
vertices?

Rotate individual
Vertices 
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Arbitrary Rotation Center
To rotate about arbitrary point P = (Px, Py) by
:

Translate object by T(-Px, -Py) so that P coincides
with origin
Rotate the object by R( )

Translate object back: T(Px, Py)

In matrix form
T(Px,Py) R( ) T(-Px,-Py) * P

Similar for arbitrary scaling anchor

=

1100

10

01

100

0)cos()sin(

0)sin()cos(

100

10

01

1

'

'

y

x

Py

Px

Py

Px

y

x
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Composing Transformations
Composing transformations

Applying several transforms in succession to form one
overall transformation

Example
M1  X  M2  X  M3  X  P

where M1, M2, M3 are transform matrices applied to P

Be careful with the order!

For example
Translate by (5, 0), then rotate 60 degrees is NOT same as

Rotate by 60 degrees, then translate by (5, 0)
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3D Transformations

Affine transformations
Mappings of points to new points that retain certain
relationships

Lines remain lines

Several transformations can be combined into a
single matrix

Two ways to think about transformations
Object transformations

All points of an object are transformed

Coordinate transformations

The coordinate system is transformed, and models
remain defined relative to this



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


