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For Those of you on Zoom, | Apologize in Advance 2

for the Barking You Might Hear in the Background ©

v
l..A
Ommj They mean well, but delivery vans are just too-tempting a bark-target... ‘
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Handi Blender Shortcuts
Shortcut What it Does

LMB Select something
Shift-LMB Add something else to the selection
MMB Rotate the scene
Shift-MMB Pan the scene
Shift-spacebar Bring up the transformation menu
Scroll Wheel Zoom in and out
Tab Toggle between Object Mode and Edit Mode
Control-Tab Bring up Mode pie menu
e et Bring up View pie menu
a Select all
Click in empty space Unselect all
Alt-a Unselect all
Shift-a Bring up the Add menu
Escape Get you out of almost anything (including stopping a render or an animation)
b,c Box or circle select
C Center the scene (good if you are lost in 3D)

Duplicate

Extrude (in edit mode)

Oregon$| F3
Univers}

Search

Computer (| 9

Grab (translate) an object

mjb — July 15, 2025

Handy Blender Shortcuts

Shortcut What it Does

Shift-g Group
i Insert a keyframe
Control-j Join 2 or more objects
m Send object to a collection (layer)
n Toggle the Sidebar menu
Shift-n Recalculate normals
p Partition (only in edit mode)
Control-p Establish a parent-child relationship (the last object selected will be the parent)
Alt-p Destroy a parent-child relationship
Control-Alt-q Toggle quad viewing
r Rotate an object
s Scale an object
Shift-s Pie menu for using the 3D Cursor
Spacebar Start / Pause an animation
t Toggle the Object Tools menu
X Delete whatever is selected
z Bring up a display mode pie menu
Control-z Undo
Alt-z Toggle x-ray mode
Control-Shift-z Redo

Oregon State F12 Render a scene image

University F11 Return to the interactive scene

Computer Graphics
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Not Exactly a Shortcut, but Really, Really Useful

Layout  Model
If you would like to be able to rotate

the entire scene around a particular (% l View - Gelect Add Object
object, click on the object and then
select: Toolbar

Sidebar
Tool Settings

View — Frame Selected

You can also hit the period (.) on Adjust Last Operation
the number pad on the keyboard.

Frame Selected
Frame All

Perspective/Orthographic

e Local View

Oregon State
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A Recommendation

If you don't have one already, | strongly,
strongly, strongly recommend that you get a 3-
button mouse for use with Blender.

The middle button is both a push-button and a —
scroll wheel.

Blender makes liberal use of all 3 buttons and
the scroll wheel.

You can get by with a 2-button mouse, but your
Blender life will be considerably easier and
more productive with a 3-button mouse.

Oregon State
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What is Blender? . ’

Blender is a free program that lets you do professional-looking
3D modeling, rendering, and animation. This, not this. © =====-====--

Note: The version number
changes often. These notes
have been written against Blender

version 4.4

Import Blender 4.3 Preferences

English (English)
Blender Dark

Blender likes to change elements of

Blender

Lot its user interface every new version. It
& is recommended that you have 4.4
Shttiitue s installed on your own system to
match these notes!
Ol'ttglul = )
c UmtV‘f] You can get Blender for yourself by going to: http://www.blender.org ‘
ompute P mjb — July 15, 2025
Flow — an award-winning Blender-animated movie 8
Winner of the 2025 Academy Award for
Best Picture
(i
e See:
O,Eg(,me https://len.wikipedia.org/wiki/Flow (2024 film)
University
Computer Graphics mib - duly 15, 2025




Why Do We Have These Notes? 9

YOU KNOW THIS METAL T SPEND MOST oF MY LFE | | BUT TODAY, THE PATTERN

RECTANGLE FULL OF PRESSING BUTTONS TO MAKE | | OF LIGHTS 1S ALL WFOMG!
UTILE LiGHTS? THE. PATTERN OF LIGHTS 8 M —

SOUNDS ITE NOT BUTTONS!
GOOD. HELPING! (
O%||

YEAH.
Blender has thousands of buttons you can press. It is difficult to understand them

all. These notes are here to show you what certain combinations of buttons do in
order to learn them, and to remind you later when you’ve forgotten.

http://xkecd.com

Oregon State
University
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In these notes, what do these icons mean? 10
2 £
cloth.blend worldtex.bmp cloth.mp4

They tell you that if you go to our notes web site:

http://cs.oreqgonstate.edu/~mjb/blender

you will find Blender input files (*.blend), texture map files (*.bmp), and animation
movie files (*.mp4).

You can read a .blend file right into Blender (File — Open) so that you can
experiment with these examples without having to first create them yourself.

You can play an .mp4 movie file right from your browser so that you can see how
these examples look without having to run Blender at all.
i

?E*
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A warning about me and the Notes

What Blender does

What | know

notes cover

What the

Oregon State

University )
Computer Graphics
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What We Will Cover in these Notes

1. Navigating the screen layout
2. Viewing in 3D

3. Moving things around in 3D
4. Modeling, |

5. Appearance, |

6. Modeling, I

7. Rendering

8. Particle Systems

9. Physics Animation

10. Appearance, Il

11. Vertex Sculpting

12. Vertex Painting

13. Keyframe Animation
14. 3D Printing

15.Stereographics

16. References

Oregon State

University )
Computer Graphics
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1. Navigating the
Screen Layout

OregonState
University
Computer Graphics
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Full Screen Layout View 1

Control

Object Tools ~ Main Menu Object Properties (‘n’)

(t) Property-specific Options Outliner

Computer Graphics Animation Controls mib - July 15, 2025
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The Object Tools Menu

Select

Cursor

Move

Rotate

Scale

Transform

Annotate

Measure Toggled on and off with the ‘t key

Add Cube

mjb — July 15, 2025
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The Add Menu

View Select Add Object

‘W Object Mode v

’ This is the Add tab\— you will spend a lot of time here!

& surface

g Metaball Create geometry
Text
‘ Volume

(§ Greas~ Pencil

K Armature
28 Lattice

e Create lights

N Image

O Light

% Light probe Create other cool stuff

& Camera

{ W) Speaker

2!) Force Field

i@ Collection Instance

mjb - July 15, 2025
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The Add—Mesh Menu

+ @Addl Object

WV Mesh [ piane

D Curve Cube
Surface Q Circle
Metaball © uv sphere You will especially spend a lot of time here!
Text 8 Ico Sphere
Volume B cylinder
Grease Pencil 0 Cone

© Torus

@ Grid
"{?' Monkey

Armature

BXo @AY

Light Probe

Camera

=

Speaker

s
-
~

Force Field

i@ Collection Instance

il

OregonState
University
Computer Graphics

mjb - July 15, 2025

The Sidebar Panels 18

~ View

¥ Transform Focal Length

Clip Start

Location: End

Local Camera

Render Region
v View Lock

Lock to Object:

Lock To 3D Cursor
XYZ Euler

Scale:

Camera to View

Rotation

v 3D Cursor

Location:

XYZ Euler

l. 5 > Collections
=is

Togled on and off with the ‘n’ key

UIIVETSITY

Computer Graphics

> Annotations
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The Blender Interface Widgets 19

If Blender shows you something that looks like this ...

... you are expected to click a button to put yourself in a particular mode

University
Computer Graphics
mib — July 15, 2025

The Blender Interface Widgets 2

If Blender shows you something that looks like this ...

... you are expected to click in the box to bring up something else,
like this

OregonState
University
Computer Graphics ’
mjb — July 15, 2025
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The Blender Interface Widgets 2
If Blender shows you something that looks like this ...
... you are expected to turn features on and off by clicking in all or none of
the checkboxes
If Blender shows you something that looks like this ...
Mask Raytrace
... you are expected to make a choice of just one of these options
Dregosme
University
Computer Graphics b — duly 15, 2025
The Blender Interface Widgets 2
If Blender shows you something that looks like this ...
Power
... you are expected to either left-click in the box and (keeping the left button
down) drag the mouse left-right like a slider, or single-click in the box and
type in a new value
If Blender shows you something that looks like this ...
Target Space
o Local Space
gg@ and then select from the resulting list S \oid space
\ Ele - a
o World Space
Oregon State
University
Computer Graphics b — duy 15, 2025
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The Blender Interface Widgets 2

If Blender shows you an “Apply” button ...

... it means that you can click this button to get rid of your original model and
replace it with a model that has the edits you have just made

If Blender shows you this icon (with or without the word “Open” ...

... it means that you can click this button to open a file

University )
Computer Graphics
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The Blender Interface Widgets 2

If Blender shows you something that looks like this ...

... you are expected to click in the box and select from a
list of other objects in the scene

If Blender shows you something that looks like this ...

... the red color is telling you that you haven’t yet entered
enough information in this panel

University )
Computer Graphics
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The Blender Interface Widgets %

If Blender shows you something that looks like this ...

... it allows you to hide and unhide something (the Outliner is where you use
this most often). Hiding an object is useful for decluttering your scene.

anywhere in the scene. ©

Hint #1: If you no longer want an object in the scene, hiding it for a while before
deleting it is usually a smart idea. It is surprising how often you need something
not long after you deleted it. ®

Hint #2: If you hide something, don’t forget that you have hidden it. It is pretty
freaky to be certain that you once created something, but now you can’t find it

Oregn State
University
Computer Graphics
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Edit Render Window He

Open Recent

Recover

y Save
Save As...
Save Copy...

& Link...

@ Append..
Data Previews
Import

. Export
External Data

Clean Up

Defaults

" Quit

Computer Graphics

26

The File Menu

Start a new Blender scene (thus closing the
scene you currently have open)

Open a previously-created Blender scene (thus
closing the scene you currently have open)

Save the current scene in a file

Bring elements from another Blender file
into this scene

Bring an image or object in from somewhere else

Send an image or object to somewhere else

mjb - July 15, 2025
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27
The Difference Between New, Open, Link, and Append
€| Edit Render Window Hd
Q
Open Recent hift Ctr New closes the scene you currently have, then initiates
a new Blender scene.
Recover
Save tr Open closes the scene you currently have, then reads

Save As... I : in a previously-stored Blender scene.

Save Copy...

Append leaves the scene you currently have open,

Link... . S
=0 and adds elements of a previously-created scene into it.

Append...

Dota Previews Link is like Append, but every time you open the scene

Import again, it will look at the file you are Linking from to see if
Export changes have been made, and if so, will bring those
into the scene instead of the first ones.

External Data
Clean Up
Defaults

@ Quit

Computer Graphics
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The Edit Menu 2

Control-Z or Edit—Undo are two of your best friends!

Render Window Hel .
Sl You can also select Undo History and go

Undo Ctrl Z back in time to several commands ago

Undo Histary...

Repeat Last Shift R @ File Edit Render Windo
Repeat History... o

@, Tht ol
Undo History

Adjust Last Operation...
Menu Search...

Rename Active Item... F2 ® Rotate

Batch Rename... Select

Lock Object Modes Move

Resize
University

Computer Graphics |
‘mjb — July 15, 2025
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29
The Render Menu
[r o S| <
Render! window Help Layo!
E_? Render Image Fl
@ Render Animatior:
- B £
Render Audio...
View Render
View Animation
Lock Interface
(e
5
OregnSlale
University
Computer Graphics mib - July 15, 2025
30

The Help Menu

Layout  Modeling
Manual
Tutorials
Support

User Communities

Developer Community

Python API Reference

Report a Bug
(e Save System Info
e -
OregnSlale
University

Computer Graphics ’
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31
Blender Windows
@@ When Blender launches, there are for sub-windows visible. But
< Blender has 23 Possible sub-window types that you can bring up
O'I'jeé’%"“s!a‘e and change the size of.
mversxty
Computer Graphics mib - July 15, 2025
32

Changing the Border Line on Blender Windows

To change a sub-window boundary, left-click on the horizontal or vertical
border line, wait for the cursor to change to a double-arrow, then move the
mouse up/down or left/right.
<
OregonState
University
Computer Graphics ’
mjb — July 15, 2025
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33
Adding a New Blender Window
Area Options
Vertical Split
Horizontal Split
Join Areas
Swap Areas
ge a sub-window boundary to create a new window, hover over the
boungdary, wait for the cursor to change to a double-arrow, then right-click.
This menu will pop up. Select Vertical Split or Horizontal Split and move
the mouse up/down or left/right. This will create a copy of a Blender sub-
aﬁl' window that you already have.
&7
OregnSlale
University
Computer Graphics mib - July 15, 2025
34

Changing the Type of a Blender Window

“This will create a copy of a Blender sub-window you already have.”
Well, what good is that?

-

Y ® Suzanne > @

€ @ Material.001

3

Blender sub-windows have a type, designated by the icon in the upper-left corner.

s

OregonState
University
Computer Graphics ’
mjb — July 15, 2025
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35

Changing the Type of a Blender Window

Clicking the down arrow, will bring up the list of the 23 types you can
change that sub-window into:

Animation Scripting Data

+2 3D Viewport Shift F5  *3* DopeSheet  ShiftF12 g Text Editor hift F11 = Outliner

[} Image Editor © Timeline [=] Python Console  Shift F4 Properties
i3 uv Editor ] 3/ Graph Editor f B info File Browser
,\i. gcmpositor 3 Drivers 5t ']]| Asset Browser
@ Texture Node Editor Shift Nonlinear Animation q; Spreadsheet
¥ Geometry Node Editor St 3 £* Preferences
&) Shader Editor

& Video Sequencer

<+ Movie Clip Editor

e
Congratulations! You have now added a new Blender sub-window to your display.
Computer Urapnics b = July 15, 2025

36

Deleting a Blender Window

Vertical Split

Horizontal Split

wait for the cursor to
change to/a double-arrow, then right-click. This menu will pop up.
Select Join Areas and move the mouse up/down or left/right. Thi

i symbol shows you which window will be eliminated when you click the
mouse button.

Oreguns oran
University
Computer Graphics ’
mjb — July 15, 2025
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37
2 V i i . 3 D
. Viewing in
Oregon State
University
Computer Graphics mib - July 15, 2025
38

3D Coordinate Systems

Y 4

v
X

v
X

Z
Left-handed / Right-handed

Blender uses this convention

Oregon State
University
Computer Graphics ’
mjb — July 15, 2025
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The Coordinate and Viewing System

39

* Right-handed coordinate system

* X =Red

*Y = Green

*Z = Blue

» Middle mouse button (MMB) — orbit (rotate)
« Shift MMB — pan

« Scroll wheel — zoom

« View — Viewpoint — Left, Right, ...

* View — Area — Toggle Quad View

* View — View Perspective/Orthographic

mjb - July 15, 2025

‘W Object Mode ~

View Select Add Object

40
The View Menu

JVieW) select Add Object
Toolbar
1 Sidebar
Tool Settings
Adjust Last Operation

Frame Selected
Frame All
Perspective/Orthographic

Local View

Cameras

Viewpoint
Navigation

The View Menu gives you access to lots of ways to Align View
change how you are viewing the scene

View Regions

‘r
OregonState
University
Computer Graphics

Play Animation

i:? Viewport Render Image
@ Viewport Render Animation
@& Viewport Render Keyframes

Area

mjb — July 15, 2025
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Rotating About a Particular Object 4

If you would like to be able to rotate

Layout  Model

the entire scene around a particular (% ‘ View Select Add Object

object, click on the object and then
select:

View — Frame Selected

You can also hit the period (.) on
the number pad on the keyboard.

OregonState
University
Computer Graphics

Toolbar

Sidebar

Tool Settings

Adjust Last Operation

Frame Selected
Frame All
Perspective/Orthographic

Local View

mjb — July 15, 2025

Toggling Between Perspective and Orthographic Views

WieW! Select Add Object

Toolbar
[] Sidebar
Tool Settings
Adjust Last Operation

Frame Selected

Frame All
Perspective/Orthographic
Local view

Cameras

Viewpoint

Navigation Orthographic

Align View
View Regions
Play Animation

7 Viewport Render Image
@& Viewport Render Animation
& Viewport Render Keyframes

Area

Oregn State
University
Computer Graphics

42

Perspective

mjb - July 15, 2025
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Toggling Between Perspective and Orthographic Views *
In orthographic, lines that are parallel in 3D
remain parallel on the screen. Objects appear
to be the same size as they get farther away.
In perspective, lines that are parallel in the 3D depth
direction appear to converge on the screen. Objects
appear to get smaller as they get farther away.
“Vanishing Point”
Use perspective when you want a more
realistic view (which is most of the ti
! Use orthographic to see if things
Cor separated in depth are the same size. .
44

Toggling Between Perspective and Orthographic Views

Use perspective when you want a more realistic view (which is most of the time):

mjb - July 15, 2025
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Single View vs. Quad View ®

‘ VieW) seixct Add Object

Toolbar

View Regions

Play Animation

Vertical Split

|2 Duplicate Area into New Window

University H
Computer Graphics Or hit ControI-AIt-q mib - July 15, 2025

Setting the initial Rendering Mode 46
=0 /O
On the vertical iy & Scene
strip of icons on
the right, click : Render Engine  EEVEE
this one:

v Sampling

v Viewport

CB

Samples 16

o Temporal Fleprojection

Jittered Shadows

v Render
Samples

> | Shadows

(o

%@ And then be sure the Render Engine is set to Eevee for now.

2
OregonState
University BTW, Eevee stands for Extra Easy Virtual Environment Engine

Computer Graphics mib — July 15, 2025
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Setting the initial Display Mode 47
) Viewport
X-I'ay Wireframe Shading Rendered

7 0000

I
Use Viewport Shadingito start.
It gives good generic lighting.
1

1
Later, when we cover Fﬁendering,
we will use Rendered lighting,
but not now.

A
OregonState
University
Computer Graphics
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Setting the initial Display Mode

1. Click onthe 3. Click on New
object whose

color you S

want to set

4. Scroll way down and select Viewport Display

2. Find this vertical MViewport Dieplay
column of icons, then ey 1 B
click on this one, called Metallic 0.000 .

Material Properties Reuofness G .

5. Click here and use
the color wheel+e
select the color you
want this object to be

Ore State
University
Computer Graphics

mjb — July 15, 2025
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49

Metallic and Roughness Specify How the Color

Interacts with Light

In some graphics
programs, they use the Metallic
word "smoothness"

instead of "roughness".

Roughness |

If smoothness is small,
roughness is large.

If smoothness is large,
roughness is small.

Roughness

s
OregonState
University -
Computer Graphics Metallic

mjb — July 15, 2025
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3. Moving Things
Around in 3D

5
OregonState
University
Computer Graphics
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We will get into this in more detail later, but just so that you®
have something on the screen, here is the Add Menu
W Object Mode v~ View Select Add Object

These are all the different geometry things you can add
into the scene. We will cover many of them, but not all.

&€ Metaball This group is the meshes.

a Text
& Volume - This group is the curves.

jﬁ Grease Pencil

K Armature
28 Lattice

J= Empty
I image

@ Light
%% Light Probe

Q Camera
* i) Speaker
)B Force Field

i@ Collection Instance
mjb — July 15, 2025
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The Add—Mesh Menu

LI

J Curve

' Surface

& Metaball

a Text

‘ Volume

[‘6 Grease Pencil

The UV Sphere, Torus, and

* Armature .
Monkey are my favorites

23 Lattice

J- Empty

I image

O Light
%% Light Probe

9 Camera
W) Speaker
333 Force Field

& Collection Instance

OregonState
University
Computer Graphics
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53

Summary of the Mesh Objects

OregonState
University
Computer Graphics mib - July 15, 2025

Coordinate System Conventions >

* Right-handed coordinates
* Right-handed rotation rule
* Angles are in degrees

OregonState
University
Computer Graphics mib — July 15, 2025
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Right-handed Rotation Rule %

Y

OregonState
University
Computer Graphics mib - July 15, 2025

56

Selecting an Object to Work On

wé the object you want to select. It

en be highlighted with an orange outline.

OregonState
University
Computer Graphics mib — July 15, 2025
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Selecting Multiple Objects to Work On: >
Two Ways to Do This

1. Hold down the Shift key while RMB-clicking

2. LMB a rectangular region around objects

Orego State
University
Computer Graphics
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Moving Things By Clicking and Dragging

Translate (“grab”)

Rotate

Scale

.f: I& (cilss 2| "4 | Use Global or Local
TR . Coordinate System

University
Computer Graphics

mjb - July 15, 2025
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Global and Local Coordinates %
Global Local
@@ Global Coordinates Local Coordinates
p=TE align with the screen align with the object
OregonState
University
Computer Graphics mib - duly 15, 2025
Saying How to Move Things by Using the Keyboard
* LMB click to select an object
* Grab: g — : :
* Rotate: r This is important — you will use this a lot!
*Scale: s

» Grab using global axis: g = x, etc.

* Grab using local axis: g - x - x

« Pick all but a particular axis: g > X, g = X = X, etc.
* Grab a specific distance: g - x - 12.25 <return>

* Rotate a specific angle: r - x - 45 <return>
ord * Scale a specific factor: s - 2.0 <return> The arrows () mean “and then hit”

uf * Scale a specific factor: s - x & 2.0 <return>
Complm I

mjb - July 15, 2025
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You Can Also Use the Sidebar Panel o
gt f [
Oggositt;te X ‘il X I d ﬁ-‘
MNIVELS]
Computer Gonphics Hit the "N’ key to toggle this panel on an olwdwﬁm%
Applying the Transformation 62
When you transform an object, Blender doesn’t change the object’s coordinates.
It keeps the object’s original coordinates plus a record of the transformation.
So, for example, if you scale an object by 2.0, Blender remembers it like this:
¥ Transform =
Location: £
: 2
z =
Rotation: g
XYZ Euler
Sczle:
Din.ansions:
X
Y
Computer Graphics b — duly 15, 2025
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Applying the Transformation

If you want to actually alter the object’s coordinates, choose Object — Apply

ow Help Layout Modeling Sculpting UV Editing
12, Global ' Pv @)l v

llect  Add FOBiEcE

Iransform

Set Origin

Mirrar

Clear |

Apply Location

Rotation

All Transforms

Rot Slaie

You can pick a specific
5 Copy Objects - Locafionto Deltes transformation to apply, but

Rotation to Deltas

Paste Objects most of the time it is easiest

Scale to Deltas
All Transforms to Deltas to select All Transforms

Animated Transforms to Deltas

Visual Transform
Visual Geometry to Mesh

Make Instances Real
Link/Transfer Data =

OregonState
University
Computer Graphics mib - July 15, 2025

64

Applying the Transformation

Once you apply the transformation, the Object Properties Box looks like this:

¥ Transform ¥ Transform

Item
ltem

Location: Location:

Tool
Tool

View
View

3

Rotation:

3
2\ v

2

3D-Print
3D-Print

XYZ Euler

Scale:

Dregon State Before After
University
Computer Graphics b — iy 15, 2025
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The Outliner 65

In the upper-right portion of the screen
is the Qutliner. Like the name implies, it
shows an outline of your scene.

It is sometimes nice to have a summary
of the scene so you can remind yourself
of what all is in it.

Also, if your scene is cluttered, you can
select on object by left-clicking on its
name in the outliner as opposed to
selecting it in the scene.

=1 Scene Collection
v

=1 Collection
»> e Camera
> v Cube
»> ﬁ Light
v Snhara
v Suzanne

~v Torus

Double-clicking on a name will allow
you to rename that object to something
more sensible than, say, “sphere”

COOOOOO

Also, you can use the outliner to hide
certain objects. Just click on the eye
icon to hide/unhide.

Hint: If you hide something, don’t forget that you have hidden it. It is pretty freaky to be
0‘; certain that you once created something, but now can’t find it anywhere in the scene. ©

T
Computer Graphics

mjb - July 15, 2025

The 3D Cursor 66

You have probably noticed that when you start up Blender, there is a mysterious
cursor positioned at the origin.

This is Blender’s 3D View Editor Cursor.

0 With this, you can point anywhere in space.

vy

Computer Graphics mib — July 15, 2025
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Positioning the 3D Cursor o7

One Way to position the 3D View EditorCu¥sor is to click on
the Cursor icon and start left-clicking around the scene.

When you are done, be sure to let go of the 3D Cursor by
clicking here

OregonState
University
Computer Graphics mib - July 15, 2025

Positioning the 3D Cursor €8

But, it is hard to get the 3D Cursor exactly where you want it to be. For example, if
you want to position the 3D Cursor at the corner of the cube indicated by the
yellow dot, LMB click on it. But, upon rotating, you realize that it is at the wrong
depth. So, get a view roughly 90° from the last view, and click again. You might
have to do this a couple more times.

11| wer rapuic
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The 3D Cursor 69

You can also automatically position the 3D Cursor using the Object - Snap menu

ect Adc -

Transform
Set Origin
Mirror
Clear

ol
Begl;

Selection to Cursor

Duplicate Objects Shift D )
Selection to Cursor (Keep Offset)

Duplicate Linked Alt D

: Selection to Active
Join Ctrl =
Cursor to Selected

s Copy Objects Ctrl €
2 Cursor to World Origin

I, Paste Objects Ctrl v :
Cursor to Grid
Parent > Cursor to Active

Collection > f—

AN
For example, choosing Cursor to Selected will move the 3D Cursor to the median
point of the object you have most recently selected. Choosing Selected to Cursor

¢ Will move the selected object’s median point to where the 3D Cursor is.

mjp - July 15, 2025

A Use for the 3D Cursor — Arbitrary Pivot Point 7

Suppose you then wanted to rotate the cube about
the yellow corner point. After positioning the 3D
Cursor there, you would then go to the Pivot
Center menu and select 3D.Cursor. Rotations
and Scaling will now-take place around the yellow

Later, you probably want to change the pivot point
back to Median Point.

regon State
University
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Another Way to Set the Arbitrary Pivot Point 7

Select the object, tab to Edit Mode, select all vertices (‘a’) and translate
them (‘g’).

In Edit mode, the pivot point stays put while the vertices move.

Tab back to Object mode, and rotate the object to confirm that the pivot
point has changed.

In contrast, in Object Mode, the pivot point moves with the vertices.

The little orange dot is the
pivot point.

Oregon State
University
Computer Graphics
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4. Modeling, |
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The Add Menu &

W ObjectMode v~ View Select Add Object

These are all the different geometry things you can add

g "é’es" into the scene. We will cover many of them, but not all.
@ Curve

& surface
@& Metaball

a Text
& Volume This group is the curves.

jﬁ Grease Pencil

This group is the meshes.

K Armature

%% Light Probe

Q Camera

* i) Speaker
)B Force Field

i@ Collection Instance

mjb — July 15, 2025

74

The Add — Mesh Menu

J Mesh ) [] Plane
J Curve Cube
' Surface Q Circle
& Metaball @ UV Sphere
a Text & Ico Sphere
# Vvolume B cylinder
[‘6 Grease Pencil O Cone
© Torus The UV Sphere, Torus, and
Monkey are my favorites

* Armature
2 | attice [ Grid
Q’,}’ Monkey

J- Empty

I image

O Light
%% Light Probe

9 Camera
W) Speaker

333 Force Field

& Collection Instance
OregonState
University
Computer Graphics
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When you Add a Mesh, a Small Menu Appears

in the LL Corner

< -

UV Sphere

e lcoid prer
100 110 120 130 140

\j Object Context Menu
mijb — July 15, 2025

When you Add a Mesh, a Small Menu Appears

in the LL Corner
Try clicking on it.

The small menu lets you modify how the last thing you did works. In this
case, the most important thing it is doing is letting you change the polygon
resolution of the sphere. But, this menu only exists until you do
something else. After that, the ability to change these values is gone.

32
16 Personally, | like changing these two

— values to 64 and 32, respectively.

Generate UVs #
World v

mjb — July 15, 2025
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Summary of the Mesh Objects "

T4
Oregon State
University
Computer Graphics
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Making the Mesh Objects Look Nicer 8

Blender is able to play a graphics trick to make your
curved geometry look better. Select the object
(LMB) then click the RMB and select

Shade Smooth. To go back, select Shade Flat.

Shade Smooth
Shade Flat

Set Origin

sl Copv Obiects

This doesn’t actually change any geometry —
it's just a really good computer graphics
display trick. There are other ways to truly ' | Smooth
J create smoother underlying geometry. b
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How to Find Out How Detailed a Mesh Object Is &

In the overlay menu,
turn on Statistics

A File Edit Render Window Help

Eui;_muﬁ'T

Options ~

a0

‘W, Object Mode v View Select Add

User Perspective

(1) Collection | Cube
Viewport Overlays

objects 1/3
Vertices 8
Edges 12
Faces 6
Triangles

#4 Floor
Stale 1.000
3D Cursor

& Annotations

Display scene statistics overlay text.

The number of Vertices, Edges, Faces, and Xtras & Bones

Triangles show on the left side of the screen 9 Relationship Lines (il Motlon Faths
# Outline Selected & Origins
Origins (All)
>
)
OregonState o
University Face Orientation

Computer Graphics
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Duplicating an Object from the RMB Menu 80

Select the object (LMB) then click the RMB and select
Duplicate Objects. This leaves the new object right on
top of the old object and leaves you in Grab mode. Just
move the mouse to separate the two objects.

Shade Smooth
Shade Auto Smooth
Shade Flat

Convert To

Set Origin

Copy Objects

Paste Objects

Dupicate Objects.
Duplicate Linked
Rename Active Object...
Mirror

Snap

Parent

0& Move to Collection
ot Insert Keyframe
E&E
4 Insert Keyframe with Keying Set
OregonState
University Delete

Computer Graphics ]
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Mirroring an Object 8

Oftentimes you want to create an object that is identical to itself but is
symmetric about an axis. This type of operation is called mirroring.

Create an object, in this case, Suzanne the Monkey.

Let’s say that we want to mirror this object left-right (y).
Select the monkey, right click, then select Mirror,
and then select Y Global.

Before

After

Editing a Vertex, Edge, or Face on a Mesh 82

Click here, or hitthe 1A
key, to get into Edit Mode

Select and edit:

Avertex Anedge Aface

7% EdtMode v~ B[P m

Using the Tab key is so common, that “tab” has become a verb in the
Blender community. As we like to say, “Just tab over into edit mode.”

s

OregonState
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Computer Graphics ]
mjb — July 15, 2025

7/15/2025

41



Editing a Vertex 8
Be sure you are in vertex-editing mode
Left click on a vertex
Hit ‘g’ (grab) and move the mouse
You can also hit ‘x’, ‘y’, or ‘Z’ to restrict motion
OregoSta[e
University
Computer Graphics b — duly 15, 2025
84

Orego State
University
Computer Graphics

Editing a Vertex with Proportional Editing
Be sure you have Proportional Editing enabled
LMB click on a vertex

Hit ‘g’ (grab) and move the mouse

You can also hit ‘x’, ‘y’, or ‘Z’ to restrict motion

The mouse Scroll Wheel changes the size of the

Circle of Influence

You can also LMB select an edge or a
face for editing or proportional editing.

mjb - July 15, 2025
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Subdividing and Smoothing Really Show the Difference
Between Localized and Proportional Editing
OregoSta[e
University
Computer Graphics b — duly 15, 2025
86

An Unexpected Use for Proportional Editing

Create a Plane, then go to Edit Mode, then box select all the edges, then click on
Edge — Subdivide and subdivide it several times

Orego State
University
Computer Graphics
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An Unexpected Use for Proportional Editing 87
Enable Proportional Editing, then go one widget to the right and change the kind
of ProportionakEditing from Smooth to Random
J\ Smocth
™\ Sphere
¢ Root
[\ Inverse Square
A Sharp
/\ Linear
r— Constant
A\ Random
OregoSta[e
University
Computer Graphics b — dly 15, 2025
88

An Unexpected Use for Proportional Editing

Go to Edit Mode, select a vertex, and lift it along with those around it

OregonState
University
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89

Deleting

In Edit Mode, you can delete
things. For example, here
four faces have been
selected. Right-click and
select Delete Faces from the
pop-up menu

Here’s what you get:
OregoSta[e
University
Computer Graphics

90

Dissolving

You can also right-click and
select Dissolve Faces from
the pop-up menu

In which case, you get this:

Orego State
University

Computer Graphics } 5, 2025
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91

b

Appearance, |

Oregon State
University
Computer Graphics
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‘ ] The Button Properties Menus

ells you that we are in the Button Properties Menu

€——— Render Properties '\
— Output Properties

—— View Layer Properties

€——— Sscene Properties

€——— World Properties

€—— Collection Properties

&— Object Properties
Clicking one of these brings up a

<€—— Modifier Properties much more detailed menu of options
— Particle Properties
— Physics Properties

— Object Constraint Properties

o Object Data Properties
E&y Material Properties (colors)
i
Dregon State 7
University

Computer Graphics ’
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Using the Material Properties Menu

/

Click on this ... to get this

[y

0

=
H Suzanne

L d

*—
=l

:
w
N

&

s

i

OregonState
University
Computer Graphics

Then, click on New

93
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Using the Material Properties Menu

This is what you will see next.
Don’t click anywhere here!

W, Suzanne > B Material.001

| @ Material001

2 Q v Material.001

> Preview

v Surface

Suiace  ® Principled BSDF -

Base Color .
Metallic ® 000
Roughness @ /4500
OR ® 1500
_ uplives sim @I now, click here
/ Norr.r'. 1 Default
Pov : 5 mode
l 7 Diffuse
E_\;iy Subsurface
Oregon State Specular
University :
Transmission

Computer Graphics

94
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Using the Material Properties Menu 9
Scroll way down and click on Viewport Display
From Shadow
~ Volume
Intersection  Fast
> Line Art
> Viewport Display
> Animation
A
OregonState
University
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96

Using the Material Properties Menu

Open up the Viewport Display and click in here ...

> Line Art
. v Surface
v Viewport Display
Backface Culling Camera
Metallic 0.000 . ‘
Roughness 0.400 .
15
... to bring up this color wheel. Click in herg ) s
. . RGB HSV!
to get the color you want to give that object.
Hue 0.000
Saturation 0.000
Value 0.800
Alpha 1.000
Hex | HE7E7E7FF 2
\ \g-,‘lgj Metallic 0.000 .
g Roughness 0.400 .
OregonState
University
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97

Metallic and Roughness Specify How the Color
Interacts with Light

In some graphics
programs, they use the Metallic
word "smoothness"

instead of "roughness".

Roughness

If smoothness is small,
roughness is large.

If smoothness is large,
roughness is small.

Roughness

Orego State
University -
Computer Graphics Metallic

\ 4

mjb - July 15, 2025

Using the Material Properties Menu %
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The Color Wheel

Click in here to change
the Hue and Saturation

Hue is angle around the wheel
Saturation is the radius

These are the possible ways
the color will be defined

Hue
If you know the color definition Soitilen
numbers you want, you can s
type or slider them here Alpha
5
OregonState
University

Computer Graphics

Click in here to change
the Value (brightness)

99
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Color Scales

Red-Green-Blue Hue-Saturation-Value

' e

Unive
Computer Graphics

Eyedropper

O
o (lets you select a color you see somewhere else on the screen)

100
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RGB Additive Color Scale 101

R = Red
G = Green
B = Blue
W = White

W=R+G+B

C =Cyan

M = Magenta
Y = Yellow

K = Black

B

Blender’s RGB scale lets you give the red, green, and blue
components in the range 0. — 1.

Blender’s hexadecimal scale lets you give the red, green,
and blue components in the range 00 00 00 — FF FF FF

mjb - July 15, 2025

Value

Computer Graphics

Hue-Saturation-Value (HSV) Color Scale 102

Black

Blender’s HSV scale lets you give the hue, saturation,
and value components in the range 0. — 1.

mjb — July 15, 2025
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103

Subtractive Colors (CMYK) are Something Different

R = Red
G = Green

W = White

C =Cyan
M = Magenta
Y = Yellow

K = Black
C
v
OregoSlale
University
Computer Graphics mib - July 15, 2025
104
Subtractive Color (CMYK)

R = Red
G = Green
B = Blue
W = White
C =Cyan
M = Magenta
Y = Yellow
K = Black

A
OregonState
University
Computer Graphics
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Color Printing 105
» Uses subtractive colors
* Uses 4 separate passes (CMYK)
R = Red
G = Green
B = Blue
W = White
C =Cyan
M = Magenta
Y = Yellow
s K = Black
)
OregoSlale
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Changing the Color of Individual Faces

Let's say that we have created and colored
this yellow cube and you want to color the
front face cyan instead.

:I: Cube
With the yellow cube selected, add
another color slot (+)- @ Materal.uoz

(]

Then define that color by clicking on New

This will assign a Material name to the
slot you just created.

s

i

OregonState
University
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Changing the Color of Individual Faces 107

Now select the yellow cube and Tab into Edit m
Mode. Tell Blender that we will be selecting faces.

Let go of all faces by clicking in an empty area and
then click on the front face.

=

From this list, select the new color you want M, Cube > (B Material 002

this face to be.
@ Material.002

. . = S Material.003
Click Assig ‘ Gl e
AR

[

P+ Material.002 OB x ¥~

Assign Select Deselect

OregonState
University
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Changing the Color of Individual Faces 108

You have now changed the color of an
individual face.

| especially like this for highlighting the
results of Boolean operations:

Orego State
University
Computer Graphics
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109

So Far We Have Been Using Viewport Shading

kv ® 5 OO0 -

We have gotten pretty
good views of our
objects without having
to position light
sources, cameras, etc.

mjb - July 15, 2025

We Could Switch to Rendered Shading o

But, that would
require us to position
light sources,
cameras, etc. We're
not ready for that yet.
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But, here comes MatCap, a More Creative Use of Viewport Shading'

$ @ O OE00 -

i f’"’ (2] @.@@v B Scene Collec
v (==

Click on Viewport Shading
and then click on the down-facing arrow

Studio ([ IMatCap.

E Studio Lighting is what you have been using.
Instead, select MatCap, which stands for
| Object Vertex “Material Capture”.

Random Texture

Viewport

Then, click on the sphere.

mjb - July 15, 2025

Up Pops a Lot of Material Options! nz
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6. Modeling, Il

mjb — July 15, 2025

£5 Grease Pencil
K Armature
a7 Lattice

J= Empty
N image

9 Light
%% Light Probe

ﬂ Camera
W) Speaker
13} ForceField

& Collection Instance

Oregon State
University
Computer Graphics

Adding 3D Text 4

Select Add - Text

It ends up giving you the fairly-useless line “Text”

To change the text string, tab into Edit mode. The white rectangle
acts as a text cursor. Backspace over “Text” and type your new text.
The return key will let you enter multiple lines.

mjb - July 15, 2025
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Changing the Style of 3D Text s

v Gaometry

So far, not very 3D, huh?
Tab back to Object Mode, click on your text, Offset
then click on this Font button Extrude
Try out the Geometry Taper Objecc W
and Bevel sub-menu T rahml Overide

v Bevel

Extrude: give the letters height
Depth: bevel the top and botto
Resolution: round the bevel

Round Object Profile
Depth om
Resolution 4
Fill Caps

CEL
niversity
Computer Graphics

Changing the Look of 3D Text 116

From here on, your 3D text acts like any other 3D object.
It can be grabbed (translated), rotated, and scaled.

It can be colored, too.

Computer Graphics

7/15/2025
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Changing the 3D Text to a Mesh "

At this point, your text is, well, text. That is, it is characters, not vertices, edges, and
faces. If all you want to do is look at it or change the characters, that’s fine. But if you
want to do Mesh-things to it, you can’t because it is not a mesh.

To make it a mesh, right-click on the text in Object Mode and select

Convert To — Mesh

You can confirm that this worked by tabbing to
Edit Mode and seeing all of the new vertices,
lines, and faces:

“ Gonvert To

mjb - July 15, 2025

Edit Mode Subdivision 118

The Edit Mode subdivision feature adds more vertices, but doesn’t do any sort
of smoothing (like the Subdivision Surface Modifier does). So, when you are
done, you will have more vertices to sculpt with, but, in Object Mode, your
object will look exactly the same as it did before.

1. Object Mode 2. Tab into Edit Mode

A
OregonState
University
Computer Graphics
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Edit Mode Subdivision "9
4. Right-click Subdivide

Face

5. You now have more vertices

Subdivide

Extrude Faces
Extrude Faces Along Normals

Extrude Individual Faces

Inset Faces

Poke Faces

UV Unwrap Faces

Triangulate Faces

Tris to Quads

Shade Smooth
Shade Flat

Un-Subdivide

Split \ 6. Tab back into Object Mode

Separate

o Note that the resulting sphere doesn’t look any different from

Delcts faces what it looked like before you subdivided. This is because

fg subdividing flat planes gives you more flat planes. This
Ol'eg()lale operation is meant to add more vertices for editing, not
University smooth your object. (There is a Modifier for exactly that.)

Computer Graphics
mib — July 15, 2025

A Multi-Vertex Picking Hint 120

First, make this model:
1. Object Mode — Add — Mesh — Cylinder

2. Tab to Edit Mode — RMB — Subdivide
Edit a vertex

% Edit Mode

s

i

OregonState
University
Computer Graphics
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A Multi-Vertex Picking Hint 121

Now, LMB-sweep over these vertices. (I call them
the “equator” or the “belt”.)

But, if you do that, you will only end up selecting the
front vertices, that is, the ones you can see.

The trick is to go into X-ray Mode, by clicking here.

* 2Oe00 -

This will now let you select
all the points in the belt.

Oregon State
University
Computer Graphics
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A Multi-Vertex Picking Hint 122

Why do that? Well, if you have those vertices selected and you hit
the s key (for scale) and move the mouse, then you can get this:

Oregon State
University
Computer Graphics
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A Multi-Face Picking Hint 123

To create this model:
1. Add - Cube
2. Tab to Edit Mode > RMB - Subdivide - Subdivide

Suppose you want to select an entire row of faces in order to
“fatten the belt”. You could select all the faces individually
(LMB - Shift-LMB). But, here’s a better trick

1. Click on one face in the row

2. Alt-LMB on another face down the row

Oregon State
University
Computer Graphics Face Select Mode

A Multi-Face Picking Hint 124

Scaling (‘s’)

Oregon State
University
Computer Graphics
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A Face Picking Hint 125

Similarly, if you put yourself into face-picking mode:

7% EditMode v EJLJ View

And click on the top face of the cylinder (you don’t need
the belt and don’t need to be in X-ray Mode for this):

And hit the r and z keys (for rotate about the z axis)
and move the mouse, then you get this:

University
Computer Graphics

mjb - July 15, 2025

Intentionally Joining Two Objects 126

Let’s say that you have two objects and want to join them together so
that you can act on them as one object.

s

=1 Scene Collection
[ —]

v =) Collection

> CP Camera

> v Cube
> v Cylinder
> @ Light

47
&
U
OregonState
University
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Intentionally Joining Two Objects 127

Easy! LMB on one, then Shift-LMB on the other, then hit RMB — Join
(or Control-’j’ on the keyboard). The orange “selection outline” now
goes around both objects and the outliner shows just one object.

S E Scene Coliection

v = Collection
> CP Camera
- v Cylinder
> @ Light

Shade Auto Smooth
Shade Flat
Join

Convert To

Set Origin

mjb - July 15, 2025

Separating Objects By Loose Parts 128

Select the Joined object. Tab over to Edit Mode. Then hit the ‘p’ key
(“Partition”). You will then have three options on how to partition the joined
object. If you select By Loose Parts, then the Joined object will be
partitioned based on the original primitives that made it up.

Selection
By Mat¢s1ai
By Loose Parts

Orego State
University
Computer Graphics
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Inset Faces (aka, Offset Curves) 129

Often you want to create a “face-within-a-face”. In Blender, this is called an
Inset Face. (CAD systems often call this sort of thing an Offset Curve.)

i3 EditMode ~ SJ[JP) View

Subdivide

Extrude Faces

In Edit Mode, select the top face. Bt rixde Faces alorg Normals

Then, either RMB — Inset Faces, (' ,L;Ws
or click on this icon on the left side: PORE Faces

UV Unwrap Faces

Triangulate Faces

Tris to Quads

Shade Smooth

Shade Flat

Un-Subdivide
Split
Separate
ﬂﬁ" Dissolve Faces
%@ Delete Faces
OregonState
University

Computer Graphics mib - July 15, 2025

Inset Faces (aka, Offset Curves) 130

With the LMB, push the little handle down
until the Inset Face is the"size you want.

At this point, you can select the inner face and hit
g and z (grab in the z direction) to do this, or this.

@@ Try rotating or scaling the inner face.
-\E‘i;,
oregonSt| YOU can also create a new inset face inside the inset face you just created.

L/lu\'tl kl.y
Computer Graphics
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Extrude Tool 131

Start with a cube

Select X-ray mode and select
all the vertices

T CEE

Tab into Edit Mode.
Click on the Extrude Tool

OregonState
University
Computer Graphic mib - July 15, 2025

Extrude Tool 132

| like XYZ mode so that you can extrude in any direction

2+ ¥ EditMode v ®J()) @) View Selec

Normal XYZ Drag: Select Box v

Grab one of the *'s and pull

oreg When you get back to Object Mode, you will find
M that all of these are part of the same object.

mjb - July 15, 2025
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Spin Tool 133

Start with a cube translated

along the x axis (gx)
Tab into Edit Mode. ———>
Click on the Spin Tool
&
DregoState
University

Computer Graphics mib - duly 15, 2025
Spin Tool 134

Pick the number of duplicates to make

Pick the axis/axes about which to spin
Be sure all of the object’s vertices are selected.

Grab one of the blue *’s and rotate

Orego State
University
Computer Graphics
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135

Vertex Groups
Using a group of vertices together is very useful. It is used for editing (like we are doing
here), but also to pin certain vertices for cloth animation, to grow hair for hair simulation, and
to rig objects for animation. S. W Gid % Gidoor
For that reason, Blender allows you to select the P Gridool
group and give them a name for later. This is i
called a Vertex Group.

¥ Vertex Groups

3. Click the ¥ to add this as = 58 Grouo
a new Vertex Group

1. Select the vertices in Edit Mode (Shift-LMB)

.
Assign  Remove Select Deselect

- » Shape Keys
*» UV Maps
* Vertex Colors
= > Face Maps
c Nomals

q
# » Texture Space

* Remesh

*» Geometry Data

2. Select the Object Data

University Properties button » Custom Properties

Computer Graphics

Vertex Groups

¥ Vertex Groups

&3 Corners
4. Double-click on whatever the default

name is (“Group” in this case) and type in a
descriptive name for this Vertex Group

> SaEs 5. Click ASSign

Assign  Remoyc Select | LUeselect

From now on, this group of vertices can be selectedjust by selecting
the name from the list of Vertex Groups and clicking Select.

\g-, .‘,i;’
OregonState
University
Computer Graphics
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Extruding Faces — three ways 137

First, tab into Edit Mode. Then select one or more faces. Then right-click and select:

Extrude Individual Faces (cracks in between skyscrapers)
Extrude Faces Along

Normals (push each face
perpendicular to the surface)

Subdivide

Extrude Faces E
Extrude Faces Along Normals

Extrude Individual Faces

Eﬁlﬁ Extrude Faces (push each face

T

o.-egosme along the group average
University  perpendicular to the surface)
Computer Graphics Face Select Mode T
Shrink/Fatten and Push/Pull 138

Find this edit icon in the column on
the left side of the screen. Click it

with the LMB and leave the button  Shrink/Fatten and Push/Pull are very much like extruding
down for a couple of secands. faces. Here are the differences:

Extruding lifts the selected faces along their normals. It
leaves behind a “cliff” that connects them to the surrounding
faces.

Shrink/Fatten lifts the selected faces along their normals, but
leaves behind a “ramp” connecting those faces to the
surrounding ones.

It will then expand intofooth of these Push/Pull essentially scales the selected faces around their
commands, and you can pick the centroid.

one you want:

i For example, suppose we start
asfer - )

gl i with this object and these

A\ J PushvPull selected faces

G
tzlﬁ Evlery one of the edit-icons that has a little
Omme arrow in the lower-right corner expands in this
University same way. Check ‘em out!
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Extrude, Shrink/Fatten, and Push/Pull 139

Extrude Shrink/Fatten Push/Pull

Oregon State
University
Computer Graphics
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The Button Properties Menus, Again 140

ells you that we are in the Button Properties Menu

Output Properties

View Layer Properties Clicking one of these brings up a
much more detailed menu of options

Scene Properties

World Properties

Object Properties

Modifier Properties

Particle Properties
Physics Properties

Object Constraint Properties

Object Data Properties
E’ Material Properties (colors)

Oregon State
University
Computer Graphics
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The Modifiers Menu 141

Modifiers don’t actually change an object’'s permanent
geometry — just the object’s appearance on the screen.
The geometry only gets permanently changed if you click
the Apply button

| oL |
=v W Suzanne

| Add Modifier
of L Search...

ve Geometry Nodes

Edit
Generate
Deform

Physics

-E,*-El Hair

Dregon State Hair
University

Computer Graphics
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Blender Modifiers 142

Modifiers don’t actually change the object’'s permanent geometry —
just thg object’'s appearance on the screen.

\ ~

You Create You Apply a You See a
an Original ‘ Blender ‘ Modified Object
Object Modifier on the Screen

AN ~

-

Cube with
aﬁl' Bevel Modifier
Elg in Edit Mode

Oregon State
University
Computer Graphics
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The Modifiers Menu 143

Modifiers don’t actually change the object’'s permanent geometry —
just the object’s appearance on the screen.

Example: Here a cube has been beveled (one of the Modifiers). In Edit Mode
you can see both the beveled cube and the original cube. You can edit the
vertices and the new shape will get beveled as you edit.

o
pt
E&% You can eventually Apply the Modifier so its geometry becomes

O'l}efi‘;: permanent, but | recommend you hold off on this as long as possible.

Computer Graphics
mib — July 15, 2025

The Edit Modifiers 144

Add Modifier

/O Search...

g Geometry Nodes

Edit %7 Data Transfer
Generate Mesh Cache

Deform [D] Mesh Sequence Cache

Normals UV Project
Physics | UV Warp

Vertex Weight Edit
Vertex Weight Mix

Hair

Vertex Weight Proximity

OregonState
University
Computer Graphics ’
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The Generate Modifiers 145

Add M

L search...

0

Geometry Nodes

Edit

Generate 00 Array
ﬂ Bevel

Normals ‘Al] Boolean

Physics Bg Build

Hair /] Decimate
["] Edge Split

Mirror
Hﬂ Multiresolution
(B Remesh
=) Screw
) Skin
{5 Solidify
Subdivision Surface
| E Triangulate
£ Volume to Mesh
<F Weld
) Wireframe

mjb = July 15, 2025

The Deform Modifiers 146

Geometry Nodes
Edit

ate Add Modifier
Deform 7'\" Armature
Norfiats @ Cast
Physics ) Curve
Displace

Hook

G

Hair

Laplacian Deform
Lattice

Mesh Deform
Shrinkwrap
Simple Deform
Smooth

Smooth Corrective

S
H
[5]
@)
z
7
"'f

Smooth Laplacian
Surface Deform

Warp

NEESN

Wave
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The Normals Modifiers 147

Add Modifier

L Search...

‘e Geometry Nodes
Edit
Generate Add Modifier
Defarm
Normals rk Normal Edit
rk Weighted Normal

Smooth by Angle

Oregon State
University
Computer Graphics
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The Physics Modifiers 148

Add Modifier
£ Search...
g Geometry Nodes
Edit
Generate Add Modifier
Deform
Normals
Physics

Hair Y Collision

5 Dynamic Paint

Explode
Fluid

ZX Ocean
Particle Instance
Particle System
Soft Body

Computer Graphics
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The Hair Modifiers 149

Add Modifier

p Search...

'-'. Geometry Nodes

Edit

Generate Add Modifier
Deform

Normals

Physics

Hair Deformation
Generation
Guides
Utility
Write

Computer Graphics
mib — July 15, 2025

My Favorite Modifier -- Subdivision Surface 150

This modifier increases the number of polygons in your object. At the same time, it
smooths your object out. Be careful! It very quickly increases your polygon count.

o Array W, Suzanne [Q subdivision

Cl Bevel
: Add Madifier
£5 Build
£ Decimate Tfﬁ i Subdivision
[ Edge Split —
Simple
Levels Viewport 1
Render 2
D solidify n ) )
[©] subdivision Surface  Jli @ Optir1al Display
[ Triangulate > Ndvanced
4. weld
This controls how much to subdivide. g
Here we’ve changed this value from 1 to 2 > ,—\
s
EAg . A
&’ Fun: try it on a cube! ‘
OregonState
University
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Deleting and Moving Modifiers 191

Oftentimes you have a list of several Modifiers that are used with a single object. The
Modifiers take effect in the order that they are in the list. To change this, you can:

» Delete a Modifier
* Move a Modifier elsewhere in the list and thus change how it modifies the object

/O Delete this Modifier

W, Suzanne [O] Subdivision
Move this Modifier elsewhere
in the list of Modifiers

Add Maodifier

v [O] Subdivision Ya=E@A v

CaEmuicE v AP
[C Duplicate
Levels Viewpori ;

Rendel

» Advanced

Computer Graphics mib - July 15, 2025

Making Your Modifier Effect Permanent 152

Despite the name, Modifiers do not actually modify the object’s underlying coordinates.
They create an “alternate representation” that you can see. Most of the time, this is good.
It lets you edit the underlying coordinates and have the Modifier then use them. If you want
the Modifier to change the object’s underlying coordinates permanently, bring up this sub-

menu and click on Apply.

0

iy | . e w
W, Suzanne [O] subdivision

‘You Create You Apply a You See a
an Original (M= Blender || Modified Object
Object Modifier on the Screen

Add Modifier Click here

| v [0 Subdivision YEEES x Rbrin? L:(pthi;nloelnu.
‘ en click on y.

v Apply (
[C Duplicate S

Catmull-Clar

Levels Viewpori

Render

» Advanced
mjb — July 15, 2025
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Bevel Modifier 183

v 7] Bevel = Beveling causes edges to be
rounded instead of sharp

Vertices

Width Type

Amoun:

Segments

How much to bevel
Limit Method

Angle
» Profile

» Geometry

> Shading Smooth shading makes bevels look much better!

No beveling

Segments =1 Segments = 2 Segments =3

Computer Graphics mib - July 15, 2025

154

Remember Venn Diagrams (Boolean Operators)?

Q@ &

Two Overlapping Shapes Union

(

Intersection

o Difference
Oregon State

University
Computer Graphics
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Booleans (also known as Constructive Solid Geometry) '

Think of them as Venn diagrams in 3D!

&
_

Two Overlapping Solids Union
N !
il
Olegnsr o

Universi Intersection Difference

Computer Graphics
mib — July 15, 2025

Boolean Modifier 156

“Block minus Cylinder”

W, Cube > 2] Boolean
+ Add Modifier

|~ 8 Boolean TEA v x
Intersect Union Differ :nce:
Operand Type  Object
Object (M, Cylinder
Solver Fast

> Solver Options

Select the cube
Click on Modifiers
Click on Add Modifier—Generate
Specify the Difference Operato
Specify the Cylinder as what to the difference with
6. Click Apply
OregonState
University
Computer Graphics
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Boolean Modifier

Select the cylinder, hit it g (grab) and slide the cylinder away

157

mjb - July 15, 2025

The Resolution of the Second Object Determines the
Resolution of the Resulting Surface

Difference & Cylinder X

First object  Resulting surface Second object

Oregon State
University
Computer Graphics
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Remember 3D Text? One Fun Thing to do with 159
Booleans is to Attach Text to a Block

Warning: if you want to use
text with Booleans, do not
Bevel the text. Thatis,
leave the Bevel—->Depth
setting equal to 0.

Start with a block and the text:

v Bevel

Round Profile

Depth

Resolution

You cannot directly Boolean with text, so you
must first convert the text to a mesh:
Or RMB — Convert To - Mesh

v
Computer Graphics

mjb - July 15, 2025

Now Boolean the Text with the Block 160

Union

Drego State
University
Computer Graphics
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The Simple Deform Modifier
With an object selected, go to Modifiers — Add Modifier — Deform — Simple Deform

You will then see this:

:I: Suzanne > ‘f SimpleDeform

i Add Modifier

v 'f SimpleDeform v E,: = v X

Twist Bend Taper Stretch
Angle

Origin X 2
Axis

> Restrictions

You get to pick one of four deformation types: Twist, Bend, Taper and Stretch. You also
get to pick the axis about which that deformatign will take place: X, Y, or Z.

After you've picked those, you get to change this value to control how much deformation
you get.
OregonState
University
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162

The Simple Deform Modifier

Twist about Z

O

i i
Computer CI}?;phicsTaper along 2 Stretch along Z
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The Simple Deform Modifier 163

You can also compound multiple deformations just by repeating the modifier:

Twist, then Bend

CJ The order counts! Click here and drag to change the order of the two modifiers.
The Mirror Modifier 164

Let’s say that you want to create a mirror image of the monkey, but by using a Modifier,
the mirror monkey will be linked to the original monkey so that any edits you do to the
original will automatically end up in the mirror object.

, that mirrored objg€t will reflect about the object origin, this
little dot right here AVhich means that you will end up with
something like this, which is probably not what you wanted.

Orego State
University
Computer Graphics
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The Mirror Modifier 165

So, the first thing we need to do is to move the object away from the little dot.
You do this by Tabbing into Edit Mode and grabbing all the vertices and sliding them (gy).
In Edit Mode, the dot doesn’t move when you do this:

Now, Tab back to Object Mode, add the Mirror
Modifier, and select Y.

Orego State
University
Computer Graphics
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The Mirror Modifier 166

So, now if you sculptthe original object, the mirrored object will get the same edits.

il This is often good for creating a full object by only
OregonState . . q G R
University creating one half of it (e.g., a car) and mirroring it.
Computer Graphics
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Array Modifier

The Array Modifier is used to duplicate an object according to a particular

pattern. Suppose we want to turn a block into a staircase. We start with

the block and add an Array modifier. Apply button (if we want
to make this permanent)

v g0 Array YR EE v x

Fit Type Fixed Count v

Count

The duplication count :
¥ Relative Offset

How much to offset each duplication. i
It can be Constant, that is, based on a
number of units. Or it can be Relative, that is,
based on a number of size-of-this-object

Y
z

Constant Offset
Object Offset
Merge
O Uvs
Computer Graphics mib - July 15, 2025
Array Modifier to Make Stairs 108
¥ Relative Offset
Move each block in Y and Z 0.000
to make the next stair step 1.000

1.000

Computer Graphics mib — July 15, 2025
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Screw Modifier 169

Screw

Angle
Screw

Iterations

Axis

Axis Object

Steps Viewport

Render

Before

Merge

Stretch UVs

» Normals

e

OregonState
University
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Wireframe Modifier 170

Turns each polygon into thick lines outlining each polygon

v Wireframe EE - x
Thickness 0.02 m
Offset | 0.0000

Boundary

| Replace Originz|

Thickness [ Even

Relative

Crease Edges

Material Offset

> \ertex Group

How thick to make the thick lines

But, these lines have thickness, keeping this as a Mesh.
(=}

University
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Modifier Order Matters ! 171

Subdivision Surface, then Wireframe

Wireframe, then Subdivision Surface

OregonState
University
Computer Graphics mib - July 15, 2025

The Shrinkwrap Modifier 172

Turn on both X-ray Mode
and Wireframe Mode

Add a UV Sphereanda i
Cone. Either scale the
sphere up or scale the
cone down so the cone is
inside the sphere.

OregonState
University
Computer Graphics mib — July 15, 2025

7/15/2025

86



173

The Shrinkwrap Modifier

v [ Skrinkwrap T E@ - x
Click on the sphere and Wrap Method = Nearest Surface Point
select the

Shrinkwrap Modifier Snap Mode On Surface

Target '@ Cone

Select the cone

as the Target Sies

Vertex Group

Adjust the Offset value. Positive values make most sense,
but negative values are fun too!

<
OregonState

University
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174

The Shrinkwrap Modifier

Offset =0

) Offset = -1
A
OregonState

regons
il Offset = -2
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The Build Modifier 175

| suspect this is more applicable to engineering-
ish objects, but it fun no matter what. Let's use
our old friend Suzanne the monkey.

Go to Modifers — Select Modifer — Build
You get the following Modifer box. All the values
are good defaults:

Add Modifier

¥ B3 Build =@ - x

Start Frame 1.000
Length 100.000

Reversed

> Randomize

At this point, Suzanne has disappeared. What!? To bring her back, grab the blue
animation time slider at the bottom of the screen and slowly move it to the right:

18
o7
<

OregonState
University

@+ Playback v Keying v View Marker

ol » 40

Computer Graphid S P — p— = === b — July 15, 2025

The Build Modifier 176

TR
v
i)
OregonState

University
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177

The Displace Modifier

This Modifier pushes vertices out perpendicular
to the surface. | would describe it as “puffing out
the object”.

Go to Modifers — Select Modifer — Displace
You get the following Modifer box. If your object
suddenly looks weird, don’t worry! Set this value to 0:

Add Modifier
Displ. £ @) v X

New

Direction = Normal

Strength 0.000
Midlevel 0.500
Vertex Group 18

1 possible to set it to a value less than 0?7 What happens?

mpurer apni
Compurter urapnics mib - July 15, 2025

178

The Displace Modifier

Strength = 0.0

Strength = 0.3

OregoSta[e
University
Computer Graphics Strength =-0.3
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Vertex Groups

Add a UV Sphere

U
Computer Graphics

179

mjb - July 15, 2025

Vertex Groups

Select a group of sphere vertices to turn into a Vertex Group.

In Object Mode, turn on X-ray

In Object Mode, turn on Orthographic

Orego State
University
Computer Graphics
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Vertex Groups

In Edit Mode, sweep over a group of sphere vertices

8- 2

:I: Sphere > v Sphere

v ~ Sphere

~ Vertex Groups

>

~ Shape Keys

Click on the Object Data Properties icon

P In Vertex Groups, click on the +
(%@@ This creates a new Vertex Group

Y
OregonState
University
Computer Graphics

181
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Vertex Groups

=§ £

W, Sphere > %7 Sphere
Now click on Assign to assign
the vertices you pieked to vertex § 7~ Sphere
group Group.

v Vertex Groups

253 Group

A5Sign Reniove Select Deselect

Double-click on Group and give that Vertex

Group a more descriptive name
1R

182

g@
\Ewlfx I named mine “Right” because these vertices
Hropnians are on the right side of the sphere.

University

Computer Graphics
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Vertex Groups

In Object Mode, turn off X-ray

In Object Mode, turn on Perspective

mjb - July 15, 2025

Add a Lattice to the

le:t JAdN Object
V Mesh
D curve
& Surface
& Metaball
a Text
& Volume
£ Grease Pencil

*=

& Lat
T
N Image
e

Light
%% Light Probe

® camera

‘)) Speaker
3} Force Field

& Collection Instance

Computer Graphics

The Lattice Modifier 184

Click the Lattice button and (perhaps) add more lattice detail.

W Lattice B Lattice
B~ Lattice

¥ Littice

Resolutior. U
v
w

Interpolation U BSpline
V  BSpline
W  BSpline

Outside

Vertex Group

¥ Vertex Groups

mjb — July 15, 2025
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The Lattice Modifier 185

Select Add — Lattice

ayout | g

Curve
Suriace
Metaball
Text
Volume

Crease PPencil

Armature
Lattice
Empty
Image
Light

Light Probe

B X9 @AY 1 2PVRNULUL

Camera
')) Speaker
B; Force Field
O _Colleclion Instance

et
Computer Graphics

scul

This adds a wireframe lattice to your scene.
(You might have to move your object out of the way to see it.)

mjb - July 15, 2025

Then click on the Lattice icon @

University
Computer Graphics

The Lattice Modifier 186

You can change these numbers to affect
the number of sub-cubeg in the Lattice

Lattice > P Lattice.071

EH ~ Lattice.001
v Lattice

Resolution '
v
w

Interpolation U  BSpline
V  BSpline
W  BSpline

Outside

Vertex Group

v Vertex Groups

Scale and translate the lattice to surround your object,
especially the vertices you put in the Vertex Group.
Change the lattice’s resolution as you see fit.

mjb — July 15, 2025
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The Lattice Modifier 187

Select the Sphere and add a Lattice Modifier to it.
Tell it the name of the Lattice that you'll be editing.
Tell it the name of the Vertex Group that the edits wil\affect

+ Adc Modifier

v [ Lattice
Object ‘W
Vertex Group 582 Right

Strength

Gt
OregonState
University
Computer Graphics '
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The Lattice Modifier 188

Select the Lattice, toggle to Edit Mode, select some of the vertices, and
move, rotate, and scale them them:

(e
OregonState
University
Computer Graphics :
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Shape Keys: A Modeling Aid 189

Shape keys are a way to do a variable 2. Click on Object Data
morphing between two versions of the

same object. The two (or more) instances

\%

must have the same number of vertices, il
but the vertices can (and should) be in
different locations. Shape keys lets you
interpolate vertex coordinates between
those instances.

7~ dino

v Shar = Keys

Add Rest Position

> JV Maps

> Color Attributes =

3. Under Shape Keys, click the plus sign +.
This establishes the Basis shape.

@@ 1. Select the object
< (® Basis
OregonState
University
Computer Graphics

“ Shape Keys

mjb - July 15, 2025

Shape Keys: A Modeling Aid 180

4. Under Shape Keys, click the plus sign + again. Give the
new Shape key a more descriptive name

v Shape Keys

5. Now edit the original object by moving P =
vertices, edges, or faced\_ Do this in Edit Mode. (@base =
(@) CurlyTail 0000 M =

v Shape Keys

(@ Basis

(@ CurlyTail

>
& Relative

Value

()

6. When you're done editing, go back to Object Mode and change the Value slider. A
0 Value of 0. gives you the Basis object. A Value of 1. gives you the edited object.
Corr Experiment with values in-between.

mjb — July 15, 2025
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Shape Keys: A Modeling Aid 191

Normally, the Value slider should go between 0. and 1., but it doesn’t have to. By
changing Value’s Min and Max value beyond that range, you can do object
extrapolation as well as interpolation.

s Shape Keys

g
| (@ cusyTail -2.695 A

>
& Relative
Value
~ange Min
Max
Vertex Group
Relative To Basis

Add Rest Position

mjb - July 15, 2025

Deforming Along a Curve 192
In Object Mode, select Add — Curve — Path
8d) object TR ME Y Tab to Edit Mode then RMB — Subdivide

V Mesh so it looks like this:

D curve "N Bézier
& surface ©) Circle

& Metaball Nurbs Curve

a L : Nurbs Circle
& Volume ; Path
£ Grease Pencil

* Armature

Lattice

Still in Edit Mode, grab some of the red

control points and move themin Y or Z:
Empty

Image

Light
Light Probe

Camera

Speaker

Force Field

i@ Collection Instance

Now Tab back to Object Mode

OregonState
University
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Deforming Along a Curve 193

Now create a 3D mesh object and place it
at the left end of the Path:

In Object Mode, the curve looks smooth:

To the non-Path object (monkey in this case),
add a Modifier — Deform — Curve
S Search..
“g Geometry Nodes

Edit

Generate Add Modifier
Deform A& Armature
Normals ) Cast

Y 57 .:A Physics ) curve

\ Eli Hair EZ Displace

AT 4

v Hook
OregonState : =4 ot
University [8] Laplacian Deform

Computer Graphics mib - July 15, 2025

Deforming Along a Curve 194

Select the Path object here

+ Add Modifier

Bl .- e EE - ~ Select a Deform Axis direction

Curve Object W, NurbsPath ¥

Deform Axis Y v e

Vertex Group 283

Move the Monkey along the Y axis. This
deforms the object along the curve:

A
OregonState
University
Computer Graphics
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Texture Pattern Displacements 195

Remember the texture “name”
(Texture.002) — you will need it later.

=v Texture.002
Click on the Texture FERE RIS .
Property button o gD Sele(.:t which texture you want for
¢ the displacement pattern.
| like Voronoi because of the cells

Type: [&7] Image or Movie

¥ Preview

[&7] Image or Movie
. None
EX Blend
B clouds
EX Distorted Noise
El Image or Movie
y [AITa0s Eﬂ Magic

¥ Settings
= B Merble
] B & Open EE Musgrave

» ¥ Alpha Eﬂ Noise g > -

* Mapping " i s

» Sampling r e — & "% %
» Colors : ’ Fa®s o
* Custom Properties " -

OregonState
University
Computer Graphics
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Texture Pattern Displacements 196

Create an object, add a couple of levels of Subdivision
Surface Modifier, then add a Displace Modifier.

L Search..
e Geometry Nodes

Edit

Generate Add Modifier

Deform Armature
Normals Cast
Physics Curve
visplace
Hook

Hair

Laplacian Deform
Lattice

Mesh Deform

Shrinkwrap
Simple Deform
Smooth

Smooth Corrective

?':
®
2
Z
S
#H
[9]
A
%
;‘f
&
[g]
-7

aﬁ" Smooth Laplacian
l Surface Deform
E’_\;iy Warp
OregonState (77 Wave
University

Computer Graphics
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Texture Pattern Displacements

OregonState
University
Computer Graphics

W) Sphere > Texture.001

L2 Displace

B9 Texture.001

d Type [a7] Image or Movie

~ Preview

197

When you select the Displace Modifier, a texture icon will
appear here. Click it. Then select New.

mjb — July 15, 2025

Texture Pattern Displacements

Select Image or Movie.

W, Sphere > Texture.001

[Z Displace

B8~ Texture.001

Type [a’] Image or Movie

v Preview

You can select anything in this list that
you want. | am partial to Voronoi!
>
o)
OregonState
University
Computer Graphics

Displace
Texiure.001

[o’] Image or Movie
None

Blend

Clouds
Distorted Noise
Image or Movie
Magic

Marble
Musgrave
Noise

Stucci

age Voronoi

EE
2]
2]
i
2]
2]
2
B
2
K
&2

Setting Wood

198
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Texture Pattern Displacements 199

At this point, your object might have gone wild. If you like it this way, then
leave it alone. If you want to change it, adjust these numbers:

jol

W, Sphere > Y Texture.001

[Z Displace

1 Type Voranoi

~ Preview

| wanted this to look
more like a rock than an
exploding star:

+ Vorenoi

Distance Metric  Actual Dista

TR Colorine  Luensity

7.

é ) intensity 1.000

\ BhS

T4 Size 0.25
OregonState v
University
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Metaball Objects 200

Metaball Objects are another way to 3D model:

Layout

et PAGdN Osject
V Mesh

O
Al 0 Capsule
# Volume O Plane

£ Grease Penci & Ellipsoid

K Armature @ Cube

Image

Light
%% Light Probe

‘.3 Camera
W) Speaker
B} Force Field

{@ Collection Instance

Computer Graphics
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Metaball Objects 201

The cool thing is that, if you move (g) them close enough,
they will “glom” into a single object

e
OregonState
University
Computer Graphics

202

Metaball Objects

There is a special Metaball properties menu
to control their characteristics:

=v .= Mbal (7 Mball.006

(7~ Mball.006

¥ Metaball .
A smaller number here gives
Resolution Vie... 0.25m a better surface quality.

Render 0.13m

Influence Thres... 0.700 How close 2 meatball objects

& need to be to “glom”

Update on Edit  Always

* Texture Space

¥ Custom Properties

Add
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t

Convert To

Al Copy Objects

[, Paste Objects

Duplicate Objects
Duplicate Linked

Rename Active Object..

Mirror
Snap
Parent

Move to Collection

Insert Keyframe

Insert Keyframe with Keying Set

Delete

University

Computer Graphics

Metaball Objects 203

But, Metaball objects are not meshes, so you cannot do a lot of the
cool editing that you can with meshes. But, you can turn a Metaball
object into a mesh by selecting RMB — Convert To — Mesh

¥V Mesh

_) Curve

{tr Curves

£ Grease Pencil

After tabbing into Edit Mode

mjb — July 15, 2025

Parent-Child Relationships in Modeling 204

Many times, one object is connected to another object.
In modeling, this is called a Parent-Child relationship.
(It is also sometimes called a Hierarchical Relationship.)
When the Parent moves, the Child moves with them.

When the Child moves, the Parent is unaffected.

This is really useful !

Child You can create as many levels of Parent-
Child relationships as you want: As the
Parent song goes:

“The foot bone’s connected to the ankle bone,
the ankle bone’s connected to the leg bone, the
leg bone’s connected to the thigh bone, ...”

Move the Child’s pivot-point to where you want it connected to the Parent. A convenient
way to do this is to Tab into Edit Mode and translate (‘g’) the object, moving it until the
pivot-point is where you want it to be. Then Tab back to Object mode and translate the
object and pivot-point back where they belong.

Select the Child piece

Shift-select the Parent piece
Hit Control-’p’ on the keyboard

wope oy o, 2025
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Parent-Child Relationships in Modeling

If you rotate the blue (child) piece (‘ryy’), then just it will move

If you rotate the yellow (parent) piece (‘rz’), then both it and the child piece will move
Oregn;Slale
University
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Importing Objects from Other Places

Select File - Import

Collada = export format from game
modeling systems

Stl = 3D printer format
3ds = format from Autodesk 3D Studio

Obj = Probably world’s most common
export format There are a tfon of .obj
models for free on the Internet!
Google the phrase:

free obj files

.obj files are also pretty straightforward to create.
So, if you have a shape in mind and can write a
computer program to generate it, you can write
your own .obj file and Import it into Blender.

University
Computer Graphics
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The Blender File Navigator 207

Refresh the file list

System locations  Go up one folder Create a new folder

D Ble
v Bookm rks.

+ Add Bookmark

+ System

518

14.5 MiB

() bunny010n.obj 608 KiB
D) cow.abj

@) demo.mtt

f
3]
L]
t
ip|
N
]
F
@
-

D) ratH.ml
D) ratH.obj
G ratl

~ Volumes,

) ratM.mtl
D) ratM.obj 2020 2.4 MiB
4238
1.3 MiB

Computer Grapl Recent folders accessed Disc volumes b — duly 15, 2025

Importing Objects from Other Places 208

File = dino.obj

You can get this file from the web page:
http://cs.oregonstate.edu/~mjb/blender

As-is, flat shaded

Subdivision surfaced
+
Smooth shaded
\\E‘*}
Oregon State
University
Computer Graphics b — duly 15, 2025
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Importing Objects from Other Places

Abusively edited using a Lattice

A4
OregonState
University
Computer Graphics mib - July 15, 2025

210

Importing Objects from Other Places

Here are some places to find OBJ files to use yourself:

https://www.blenderkit.com/asset-gallery?query=category subtree:model%20order:-created
https://polyhaven.com/

http://thefree3dmodels.com

https://free3d.com/3d-models/star-wars

http://lodbook.com/models

http://people.sc.fsu.edu/~jburkardt/data/data.html
https://sketchfab.com/features/free-3d-models

*  http://www.turbosquid.com/Search/3D-Models/free/obj

Links checked: July 12, 2024

Or Google the phrase: "free obj files"

The blenderkit link also provides a Blender plugin. If you
Pav: install it into Blender, then you can search for OBJ files
without ever leaving Blender.
&’
OregonState
University
Computer Graphics
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Exporting Objects to Other Places

t Context Menu

Shade Smoott,

Shade Flat

Set Origin

,-n'i Copy Objects

Blender has @ number of file formats it knows how
to export to. [If you are looking for a nice, general
one to experiment with, try the .obj format.

Just be surd to use the RMB menu to select
Shade Smooth first

Select File — Export — Wavefront (.obj)

s

i

OregonState
University
Computer Graphics
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Exporting to an OBJ File

Render Window Help Layout Modeling

N» &t Add Object

Open Recent ft Ctri O»

Recover

[ save

Save As...

Save Copy..

& Link
@ Append...

Data Previews

2, Import
T, Export Collada (.dae)
Al

External Data )

sal Scene tion (.usd*
Clean Up Universal Scene Description (.usd*)

Grease Pencil as SVG
Defaults Grease Pencil as PDF
() Quit 1 Wavefront (.obj)
Stanford PLY (.ply)

STL (:stl)

St (.st) (legacy)

EBX (.fbx)

alTF 2.0 (.glb/.glt)

X3D Extensible 3D (x3d)

OregonState
University
Computer Graphics
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Exporting to an OBJ File 213

This is the Blender file-output selection dialog box:

v Bookmarks. & 3 T 2 8 coses\m)

Add Bookmark.
Operator
Importer.

fice Templates. Limit to Selectud Only

Scale 1.0

Forward A
Up Aud
8 Apply Modifitrs

Viewport

¥ UV Coordinates
¥ Normals
Colors

Trianguiated Meh
Today 10:26 tlanguiated Me h

Materials

Path Mode

Grouping
& Blender

Smoott: Groups

untitied obj ey

Oregon State OBJ-specifiF: settings
Universdy (see next slide)

Computer Graphics
mib — July 15, 2025

OBJ-Specific File Settings 214

v General

Include Selection Only
Scale
Forward Axis
Up Axis

v Geometry

& UV Coordinates

# Normals
In the export dialog, be sure to click-er Colors
+ UV Coordinates Curves as NURBS

* Normals & Triangulated Mesh
* Triangulated Mesh ¥ Apply Modifiers

Properties ~ Viewport

v Grouping

Object Groups
Material Groups
Vertex Groups

Smooth Groups

OregnSlale v @ Materials
University
Computer Graphics

DRP Fvtancinanc
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7. Rendering
>
OregonState
University
Computer Graphics mib - July 15, 2025
216

On-screen Rendering Mode

YRl @ O SN0 -

We have been using this one. Now switch to this one.

This one gave you good This one vylll give you a pretty-
generic lighting so you could good preview of what happens
model without worrying about when you actually render the

light sources. scene. But, we now have to deal

A2 ; . e
%@ with Rendering specifics.
ST

y 2
Oregon State @ 0 0 a4 =N\
s ©000 -
Computer Graphics ’
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Rendering

“Rendering” is Blender’s process for creating really high-quality images. Click on Render —
Render Image or hit the F12 key (you might have to hit the fn key at the same time). The
rendering operation can often take some time, depending on how complex your scene is.

scene.blend

Renders Window  Help Layout
‘i? Render Image
@ Render Animation

Render Audio..

View Render

View Animation

[J Lock Interface

Ol

Universi ity
Computer Graphics

Rendering Properties 218

Clicking on the Rendering Properties button will allow you to set various
rendering parametg

For now, be sure the Render 1y 85 Scene
Engine is set to EEVEE. >

Render Engine  EEVEE

® v Sampling

sl v Viewport
You want at least some Anti-Aliasing, which & S 16
is done by making more than one sample per : ¥ Temporal Reprojection
pixel. 16 and 64 are good values. Jittered Shadows

» Render

Samp'es

> & Shadows

The rest of these are interesting,
e but are not needed right now.
&
OregonState
University
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Output Properties 219
Clicking on the Output Properties button will allow 45 Scene
you to set various rendering parameters. The one e Format
you care about the most is pixel resolution. Resolution X 1920 px
Y 1080 px
Frame Rate
These are OK values, but you can improve your e
i H ) ™~ Frame Start
rendering speed by making them smaller. Don =
make them smaller by changing the 1920x108b; step
make them smaller by changing the 100%. Z | Tims Setching
_ > | Stereoscopy
Notice that the image aspect ratio being ~ [ oupa
used here is 16:9 (=1920:1080). This is the fgh
most common aspect ratio today for TVs Saving [ File Extensions
and computer monitors. Cechie Restle
File Format  [{7] PNG
Color BW RGB
The rest of these are interesting, < e
TR . Compression 15%
e but not needed right now. . =
l_a Image Sequence ## Overwrite
5] Placeholders
O'I‘Iegm‘ S!':ayle > Color Management
niversi
Computer Graphics i
B July 15, 2025
220

What is Anti-aliasing?

Not Anti-aliased Anti-aliased

Anti-aliasing is a good-news bad-news joke.

‘T Good news: the scene looks much smoother
. Bad news: the scene takes longer to generate
Di’ffi‘;‘éi‘t;‘e Good news: you probably want to do it anyway

Computer Graphics ’
mjb — July 15, 2025
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Anti-aliasing is Implemented by Oversampling
within Each Pixel
NVIDIA

OregnSlale
University

Computer Graphics mib - July 15, 2025

222

Lighting

Let’s say that you are in Viewport Shading Mode

and your scene situation looks like this
y You now change to Render Mode and get this:

Oregn State

University Blech! Why is the bottom
Computer Graphics part of my scene so dark?

mjb - July 15, 2025
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Lighting

The answer is that Solid Shading Mode doesn’t reqyire your scene to be lit but
Render Mode does.

Orego State
University
Computer Graphics mib - July 15, 2025

224

Lighting

By default, your scene has a single light in it.
It looks like this.

If you can'’t find it, try zooming out.

If you still can’t find it, select it in the Outliner.

'ﬁ Scene Collection

| —]
A\ =1 Collection

+ 0 Camera
This is like any other object. 8 Lo

v Sphere

ﬂ. rh
OregonState
University
Computer Graphics
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Lighting 225

Alight is like any other object. It can be LMB clicked on (or
selected in the Outliner). It can be grabbed (g) and moved
TP around. Moving it around will change how the lighting looks.

<
OregonState
University
Computer Graphics mib - July 15, 2025

Lighting 226
1z, Global ~
ot !.V-Ad'dr QOhject
V Mesh
_) Curve
& Surface
& Meiaball But, to make this work better, you

E Text probably want to add more lights.
Voluime N

£ Grease Pencil

K Armature

2¥ Lattice

}- Empty

E Image ‘

’ Light 4 @ Point

%% Light Probe Y% Sun

09, Camera q Spok
S\ Area

W) Speaker

33} Force Field

& Collection Instance

V
Computer Graphics mib — July 15, 2025
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Lighting

There are four types of Lights that you can Add

1. APoint Lamp shines light in all directions. The light is local to the scene. This is usually
the best type of light to start out with.

2. ASun Lamp appears to come from a single direction and its rays are parallel. This acts
as if the light is very far away.

3. ASpot Lamp is like a Point Lamp, but only shines in one particular direction.

4. An Area Lamp is light coming from a finite surface, like most lights really are.

OregonState
University
Computer Graphics mib - July 15, 2025

228

Lighting — try this

(*) Point

1. Add another Point Light / Xt Sun

2. Position the Light (‘g’). q Spot
3. The Point Light has no obvious local 3

coordinate system, so it just uses the \3 Brea

global coordinate system.

4. As you move the Light, you will see
the lighting of the scene change

5. You will probably have to rotate the
scene (MMB) to get the light position
where you think it should be. Or, you
can also toggle the Quad View
mode (Control-Alt-q).

s

i

OregonState
University
Computer Graphics
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Lighting — Quad View 229

Object.

Aligr
View R

Play Animation

Viewpc rt Render Image
@ Viewpat Anil
@ Viewpait Render
Toggle Quad Vi

Horizontal Split

Vertical Split
Area into Ne

e Area

Orego State
University

Computer Graphics
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Lighting — Quad View 230

thode ~ v
op Orthographic

(1) Collection | Foirt
Meters

User Perspective.
(1) Collection | Roint

Front Orthographic
(1) Collection | Foint
Meters

Right Orthographic
1) Collection | Roint
Maters

Orego State
University
Computer Graphics
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Lighting — Properties 21

W Light > (@ Light

@~ Light
~ Preview

This preview shows how the
Light spreads out

What color to make the Light

int | ¥t Sun 7 Spot T\ Area
coto [N ] How bright to make the

Power 1000 W - Light shine.

& Soft Falloff
Radius 01lm

> @ Shadi L . .

e Be sure this is clicked on in
order to get this light to cast

> | Custom Distance shadows

Oregon State e
University > Animation
Computer Graphics

> Influence

mjb — July 15, 2025

Lighting — What does it Mean to Have a Colored Light? %2
S
&
< o
,‘;&‘ob" L White Light
R\
& Ly °
Bp «—o— M,
What the EG MG
eye sees EB —_— MB Green Light

What the material
can reflect

Er = Lg* Mg

Eq = Lg* Mg
L) _ *

OregnSlale EB - LB MB
University

Computer Graphics
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Lighting — Principles

In modeling, rendering, and animation, there are two major roles that lights play:

1. Key
2. Fill

Let’s say we want to put a spotlight on the
Monkey (and who doesn’t?). We add a Spot
Light. We position it over the Monkey and angle
it down, like this. This is our “Key Light”. It does
what we most want to do.

We render and get this.

The Key Light is working really well, but the rest
of the scene is too dark. We now need to use
one or more Fill Lights.

(ova

OregonState
University

Computer Graphics mib - July 15, 2025
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Lighting — Principles

We Add a Point Light and position it over the scene. Because we are in Render
Mode, we can jhteractively see when we have it positioned well.

The scene looks much better. But, there are still two problems.

1. The rest of the scene is now bright enough that our “star” is no longer highlighted.
2. The Fill Light is casting another shadow which is distracting.
Computer Graphics b July 15, 2025
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Lighting — Principles

R So, we make two adjustments to our Fill Light:

¥ Preview

We lower its brightness.
a

We un-click here to force it to not cast
shadows.

¥ Light

Point. Sun Spot Area

:

Power 10w

Diffuse |
Specular

Volume |
Radius
» B Cuctam Dista,ice

» ¥ Shadow

» Custom Properties

University
Computer Graphics mib - July 15, 2025
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Lighting — Blender Wattages

10w

These are not absolute specifications
however. Your perception of brightness will
depend on how far the light is from the object
and what color the light and object are.

TR

v
i)
OregonState

University
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Rendering 237

The view that is rendered is not the same orientation that you see on the
screen. It is from the Camera position, which needs to be set separately.

=. ©

If you the Camera icon, LMB click on it. . ]

If you don't see it, zoom out some. If g g

you still don’t see it, click on the Camera L ® Lo 5

@“@ in the Outliner. 1+ bian e
{8 sun o3

\E.‘,i;’ - é Suzanne @

OregonState
University

Computer Graphics mib - July 15, 2025

The Camera 238

Where the eye is looking towards

The “up vector™

The eye’s
position

\g-, .‘,i;’
OregonState
University
Computer Graphics
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The Camera

The camera is just like any other object in the scene.
1. It can be selected with a LMB click
2. It has its own local coordinate system attached to it.

Note the local coordinate system for the camera:

« X is to the right of where the eye is looking
Y is the up-vector
« Z is opposite of where the eye is looking

This is useful to know. For
example, to dolly the camera in or
out, select it and then move it in
its local coordinates:

g>z->z

Oregn State
University
Computer Graphics

Aligning The Camera to Your Current Screen View %%

But, if you like your current screen view and want to move the camera there, just do this:

Window  Help Layats | g Lnf o
View telect Add Object 12 Global v v G v
Toolbar

Sidebar

Tool Settings

] Asset Shelf

Adjust Last Operation

Eiame Selected

Frame All
Perspective/Orthographic
Local View

Viewer Node
Cameras

Viewpoint
Naviaation.

Align View Align View to Active

View Regions Align Active Camera to View  C'rl Alt Nump:

Play Animation Align Active Camera to Selected

i;' Viewport Render Image Center Cursor and Erame All

Center View to Cursor

@ Viewport Render Animation

Viewport Render Keyframes View Lock to Active

View Lock Clear
Area =

mjb - July 15, 2025
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Setting a Background Color 241

Click on the World Properties button Click on Color and dial in
the background dplor

~ Surface
= Use Not es
Surface ® Backgroud

Color ®

Strength @

> Volume

> Mist Pass.

port Display

Color

OregonState
University
Computer Graphics mib - July 15, 2025

Setting a Background Texture 242

Click on the yellow dot next to Color

That brings up a whole
bunch of options

CO[Or . Brick Texture

Checker Texture

Environment Texture

As always, | am
partial to Voronoi ©

Gradient Texture

trength @

Image Texture
Magic Texture
Noise Texture

Point Density

Sky Texture

Voronoi Texture
Wave Texture

White Noise Texture

1R
OregonState
University
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Superimposed Wireframes 243

| don’t know why | find this so pleasing to look at. | just do.

Visibility

Viewport Display

Show Name

Avxic

 Wireframe
All Edges
Texture Space

+ Shadow
In Front

Display As  Textured v

Bounds

AN
o
&
OregonState
University
Computer Graphics

244

Triggering a Rendering

Render” Window Help

‘E Render Image
& Render Animation

Render Audio...

View Render

View Animation

Lock Interface

o
OregonState
University
Computer Graphics

What you see on the separate render window
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What You See in the Separate Render Window 245

4% Blender Render

]~ Render Result
Frame:1 | Time:00:00.81 | Mem:89.63M (0.00M, Peak 130,

[M~ ] view v View Image

O [_D'-‘ X Slotl + Viewlayer v Combined v mv

0«
.

Computer Graphics
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Saving a Rendered Image to a File 246

Open Cached Render
Edit Externally

Copy

Paste

Save

Save As...

Save a Copy...

Invert

A
OregonState

University
Computer Graphics

Transform

Save As doesn’t appear until the
full rendering has completed.

mjb — July 15, 2025
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Saving a Rendered Image to a File 247

Amount of compression Image file type

1S
| Copy

File Format IAT_I PNG
Color A RGB

Color Depth | 8

1.6 MiB

573 KiB
2.2 MiB Color Manage...  Follow Scene

Compression | 15%

Oregon State
University
Computer Graphics
mib — July 15, 2025

Saving a Rendered Image to a File 248

Different image file types
(PNG is good if you don’t have any preference)

la’] BMP Cineon

IZI Iris
ad ene
la’] JPEG

DPX

OpenEXR MultiLayer
OpenEXR

Radiance HDR

TIEF

la’] JPEG 2000

|‘_'_| Targa

2PN A AN AR AN

WebP

University
Computer Graphics ’
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Saving a Rendered Image to a File 249

If this is called Compression, then smaller numbers will give
you a larger image file with greater image quality.

If this is called Quality, then larger numbers will give you a
larger image file with greater image quality.

File Format E PNG v
Color  BW RGB RGBA

Color Depth 8 16

Compression

File Format [37] JPEG
Color BW

Quality 90%

& Save As Render

~ Copy

Computer Graphics

mjb - July 15, 2025

Saving a Rendered Image to a File 20

There is an important trade-off between image file size and the image Quality you set.
There is also a trade-off between image size and web page download time.

055““59‘9 JPEG: 10% Quality setting JPEG: 100% Quality setting
Computer Grap 11 KBytes 72 KBytes _ luy 15, 2025
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Importing an Image into PowerPoint

251

D Seaich

rimations

['(‘) :’B 30 Models ~

ShideShow  Review  View

By, Mike ) -
Recording Help Agcrabat & Share
o 1 n ~
2 Bcernadins | D o 4g LN )
st
| el Commosnt | Ted Honder Wocdht | Squaion Vo Audo_Scren
. s e LR S B Ero - G| - - Reconding

File

an s

e New Table
Slide ~
A

v

Slidec Iablec

Computer Graphics

Imanes
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Importing an Image into HTML (i.e., a web page)

252

Add this line to your HTML file:

<img src="ball.png”>

mjb — July 15, 2025
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Another Type of Rendering 253

There is an additional internal renderer called Freestyle. Suppose you start with
this scene:

OregonState
University
Computer Graphics mib - July 15, 2025

Another Type of Rendering 254
You render it, and the L i
image looks like this: Render Engine  Eevee

“ Sampling

Render 64

Now, go to fhe Render Properties < Viewport 16
turn on Freestyle ’ % Viewport Dencising

Ambient Occlusion
Lock Inte i
> Depth of Field
> Subsurface Scattering
> | Screen Space Reflections
Mation Blur
2> Volumetrics
2> Performance
> Curves
> Shadows
> Indirect Lighting
> Film
Simplify
> Groase Pencil
~ W Freestyle
Line Thickne... | Absolite’ Relative
Line Thickness 1.000 px

mjb — July 15, 2025
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Freestyle Rendering 255

Help Layol

You render it again, and now you get this:

The computer graphics world calls this Non-Photorealistic Rendering, or NPR.
Oregl It is good for illustrations where you want to see objects and outlines more than
you want to see realism.

Computf ib — July 15, 2025
F tyle Renderi 256
reestyle nendering
v ¥ Freestyle
Cr.otrol Mode  Parameter Editor  ~
View Map Cache
As Render Pass
. .  Edge Detection
If you look under the View Layer Properties
. . Cre Angl 134°
button, you will find a lot of Freestyle Y
adjustments that you can make. Face Smoothness
Sphere Radius 0100
Kr Derivativ... 0.000
 Freestyle Line Set
LineSet
G7~ LineStyle o
Select by B2 Image Border
~ [ Visibility
AR
g@ Type Visible
@/ v ¥ Edge Type
OBegnnSilt;le Nfga[jan Inclusive Exc‘lus‘me
Computer Graphics Comtination EGSEBIOR) Logical ..
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. Particle Systems
Oregon State
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Particle System Examples

Paramount

Oregon State
University
Computer Graphics

Sony/Marvel

7/15/2025
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Particle System Examples 259

(Particles don’t have to actually be particles.)

20t Century Fox

Disney

OregoSta[e
Universil .
Computer C?Xiphics Disney b — Jly 15, 2025
Particles Bouncing Off Other Objects 260

particles.blend

OregonState
University
Computer Graphics mib — July 15, 2025
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Particles— The Setup 261
1. Select the 2. Click the + sign to start a new particle system
object to emit the mj

particles from, the
click this property

button 3. Set the number of

particles
¥ Emission
Number
Seed 0
Frame Start 1.000
End 200:000 Optional: Set the particles’
: Lifetime 20000 initial velocities — see the
Lifetime Randomne... 0.000 .
next slide

» Source

_» Cache

» Velocity

» [ Hotation

£ Ryl Optional: Set the

v« | Render . .
-~ < rendering properties -- see
ég@ o ) two slides from here
\ EAE
A4 » Field Weights
OregonState . :
Uni ity » Force Field Settings
Computer Graphics > Vertex Groups

mjb - July 15, 2025

Particles — Expand the Velocity Dialog Box 262

The velocity perpendicular
to the surface

v Velocity

Normal The velocity parallel to the
Tangent surface

Tangent Phase
Object Aligned X

Y
Z

Object Velocity

Randomize

©
OregonState
University
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Particles — Expand the Render and Viewport Display >
Dialog Boxes

» Physics

¥ Render

Render As What material definition
i 0050 to color the particles with

Scale Randomness 0.000

Material & Default Material

Coordinate System W,

What particles to draw (this
% Show Emitter is fun to change!)

> Extra . .

If you like physics, change
e i Dl ey this to velocity
Display As = Rendered

Start with a small size, like

Color Material . .
this, but then experiment

Amount |

Size

¥ Show Emitter

mjb - July 15, 2025

264

Click here to at the bottom
of the screen start the
particle animation

Hit the ESC key when you
want it to stop

AN
ﬂ. rh
OregonState
University
Computer Graphics
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Particles Bouncing Off Other Objects 265

Draw a plane to bounce particles from
Click the Physics Property Button

lick on the Collision option
urn on the animation

bl

N, Suzanne

b Force Field (7 Soft Body

il Collision 15} Fluid

7 Cloth = Rigid Body

(& Dynamic Paint I/ Rigid Body Constrai...

oe
<
W
OregonState

University
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Particles Bouncing Off Other Objects 266

Force Field (73 Soft Body
Collision @ b Fluid
Cloth = Rigid Bady
o

Dynarmic Paint Y

Physics properties of the surface

being bounced off of
Bouncing particles

Rigid Body Constrair.c
v Collision
Field Absorption
=
=1 ¥ Particle
Permeability 0.000
Stickiness 0.000
Kill Particles
Damping 0.000
Randomize 0.000

Friction 0.000
Randomize 0.000

¥ Softbody & Cloth

Damping f

Thickness Quter
Inner

Friction

OregonState
University
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Something fun — Tip the Plane

University )
Computer Graphics

267
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Something Fun — Put Something Else in the Way

Computer Graphics

268

Need to make it a
Collision surface too.

mjb - July 15, 2025
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More Fun — Make the Particles Another Object 269

Render As

Scale
Scale Randomness
& Show Emitter
v Object

Instance Object W, Suzanne

Global Coordinates
& Object Rotation
' Object Scale

University
Computer Graphics mib - July 15, 2025

To Blow particles, We need a Force Field — 270

Attach it to an Empty Object

Ironically, one of the most useful objects is
the one you can’t see. Blender calls this an
Empty.

It's invisible on the screen, but you can
treat it like a real object, and can attach
forces to it. These forces will influence the
behavior of other objects.

rease Pencil

Armature
Find the Empty under the Add tab at the
top of the screen. When you click on it, this

Empty ® .- Plain Axes
sub-menu pops up.

ﬂ Image » L, Arrows

O Light T single Arrow
',/T/: Light Probe O circle

@ Cube

@ sphere

i) Speaker & Cone

33 Force Field &l Image

@ camera

| Collection Instance

UNIVer:

V
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We need a Force Field —

Plain Axes

Arrows

Single Arrow

A\

PICOROMYT *~

Circle
Cube

Sphere

Caone

Image

A
OregonState
University
Computer Graphics

Attach it to an Empty Object "

Surprise! Even though it is invisible, an
Empty has a shape!

For this exercise, pick the Single Arrow

On the screen, it will look like this:.

mjb - July 15, 2025

Blowing the Particles -- Force Fields

272

Force Field 7 Soft Body

Collision [d)

Fluid

Cloth | Rigid Body
Dynamic Paint T Rigid Body Constraint

A really good use for Force
Fields is to blow particles and
cloth around

Gy With the Empty Object selected, clitk on the
-\a‘ls Physics icon and then click on Force Field
OregnState
University

Computer Graphics
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273

Position and Orient the Empty

Using the usual object-rotate commands, orient the Empty so that it is pointing
at the particles.

Hint: it is easiest to position it in Global Coordinates (g - x) and easiest to
rotate it in Local Coordinates (r & x - x) .

And, under Force Field Type,

W, Empty
select Wind
X Force Field T Rigid Body Constraint
¥ Force Fields
Type = Wind You will use this to change the

Strength of the wind

¥ Settings

Shape . It will look like this on the screen:

Strength 3.800
Flow 0.000
Affect [ Location
# Rotation

Noise Amount 0.000
Seed 23

Absorption

Wind Factor 0.000

mjb - July 15, 2025

Blowing the Particles 274

Turn on the animation (Control-'a’). You can adjust the orientation and the Strength
of the Wind while the animation is playing to get just the effect you want.

W Empty
Force Field W Rigid Body Constraint
v Force Fields
Type = Wind
¥ Settings
Shape  Point

Strength 3.800
Flow 0.000
Affect §# Location

# Rotation
Noise Amount 0.000
Seed 23
Absorption
Wind Factor 0.000
2
\g .‘,i;’
Oregon State {
uter G blowing.blend
. owing.blen
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1. Select the
object to emit the
hair from, then
click this property

Particle Systems for Hair 275

2. Click the + sign to start a new particle system

15~ ParticleSettings

Emitter Hair

button Regrow Advanced 3. Select Hair
¥ Emsen | 4. Set the number of
dsk [ strands
Seed .
Hair Length
Seame 5. Set the hair length
> Source
~ 4 Hair Dynamics = 6. Set the number of
: segments per strand
SR (bigger looks better but
Pin Goal Strength renders slower — try
10-20)
> Collisions
> Swucture 7. Apply physics to the
i) > Volume hairs — click this on
\E'.‘lij > Cache :
Olrjemilt;te > Render = 8. Set the rendering
Computer Graphics et § Properties mib — July 15, 2025
It Will Start Out Looking Terrible 216

A
Oregon State

University
Computer Gra

Try setting the Hair Length to something small-ish like 0.5 or 1.0
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Making the Hair Droop 217

Turn on and expand
Hair Dynamics

¢ ¥ ¥ Hair Dynaimics

Quality Steps

Pin Goal Strength

» Collisions
» Structure
» Volume

Start animating to start
the hair-droop simulation

AN
o
&
OregonState
University
Computer Graphics
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Animating the Object and the Hair 218

At this point, | like to keyframe-
animate the object with the hair
or just translate the head (‘gy’).

Here Suzanne is translating and
rotating, as the hair movement
is showing.

Start animating

o
OregonState
University
Computer Graphics
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Making the Droop Permanent 219

W Suzanne > < ParticleSystem

Add Modifier

v {5 ParticleSystem =G v

Settings are in the particle tab

Convert to Mesh

Get the droop the

way you want it .
-~ Select Modifiers — a Click on Convert to Mesh.

%@ ParticleSystem modifier will ThlslrllLturn the hair into a
\ETE ; mesh object.
St already magically be there J
University
Computer Graphics mib - July 15, 2025

Making the Droop Permanent 280

& Scene Collection

Collection v = Collection
9."’. Camera T L °£ Camera
D Light > & Light

W suzanne PR, > iv tesh

» V svanne &%

Atfter clicking Convert

But this new mesh is
independent of the object that
particle’d it. To make them one
object again, select both and
hit RMB—Join (or Control-j)

©
OregonState
University
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Making the Droop Permanent 281

<
OregonState

University
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Boids Particle Systems 282

Boids are a special particle system technique
to simulate living things that naturally want to W Suzanne I ParticleSystem
group together such as flocks of birds,
schools of fish, etc.

15 ParticleSystem =B

>

As before, create an object and attach R eetinas
a particle system to it. Select Emitter —
for the type. Under the Physics tab, ;

change Newtonian to Boids.

— ¥ Emission

Number
Seed 0
Frame Start 1.000
End 200.000
Lifetime 50.000
Lifetime Random... 0.000
> Source
» Coche
N ¥ Physics
d“':
l B Physics Type  Boids
\ EAS
AT 4 Mass lkg
OregonState Multiply Mass with Size
University
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Boids Particle Systems

Select the Boid Brain tab.

Click the plus sign (+),

Select Follow Leader from the menu,
and use the arrow symbols to move it to
the top of the list

A
OregonState
University
Computer Graphics

[ Physics

283

Physics Type  Boids

Mass lkg
Multiply Mass with Size

Movement
Battle
Misc

> Relations

¥ Boid Brain

Follow Leader
Flock
Separate

>
Rule Evaluation = Fuzzy
Rule Fuzziness ':"’S 0
& In Air
& On Land
Object W]

Distance

mjb - July 15, 2025

284

Boids Particle Systems

[ Physics

Create a new object and animate it
(keyframe or physics). This
“leader” that the boids will follow\f you
want to see it, leave it visible. Otherwise,
turn its eyeballs off in the Outliner.

Now select the object that the boids were
created from. In the boids menu area,
click in the Object area and select the
name of the object you animated.

Now, turn on animation and watch the
boids follow that object.
OregonState
University
Computer Graphics

il become the

Physics Type  Boids

Mass lkg
Multiply Mass with Size

Movement
Battle
Misc
Relations

¥ Boid Brain

Follow Leader

Flock
Separate

>
Rule Evaluation = Fuzzy
Rule Fuzziness f:"l;sno
& In Air
& On Land
Object W]

Distance
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Boids Particle Systems

AR
t‘%@ The boids now follow the leader

OregonState
University
Computer Graphics mib - July 15, 2025

286

Boids Particle Systems

¥ Viewport Display

Display As Rendered

Color Material

Amount

Size

¥| Show Emitter

object’s Viewport Display tab and click the
Show Emitter checkbox off.
(e
OregoSta[e
University
Computer Graphics
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287

9. Physics Animation

Oregn State
University
Computer Graphics
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Quick Physics Cheats 288

1 cobal v D Bl @

Original Scene

Shade Smacth
Shade Auto Smooth

Shade Flat

Quick Fur

Delete

mjb - July 15, 2025
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Quick Physics Cheats

Quick Fur
Quick Explode

Quick Smoke
Quick Liquid

A
OregonState
University
Computer Graphics

289
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There are Eight Types of Physics Simulations

[P |
M, Suzanne

Force Field
Collision
Cloth

Dynamic Paint

OregonState
University
Computer Graphics

(7 Soft Body

(3) Fluid

= Rigid Body

W Rigid Body Constrai...

290
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Rigid Body Collision Example 291

(
dominos.blend

®.®

.

dominos.mp4

0

=
M, Suzanne

Set this up using what you know about
Force Field @ | Soft Body modeling.

coliion 0 Bl Slightly rotate the left-most domino to the right
Cloth Fg  Rigid Body so that it will tip and start the sequence.

Dynamic Paint 'E" Rigid Body Constrai...

Computer Graphics mib - July 15, 2025

Let Blender Know You Want to do Rigid Body Physics %

v Scene

Click on the Scene el s, Camers
Properties Button Backgu Soene

Active Clip g

Set Gravity
(this value indicates gravity
A ey points downward and has a

Gravity X value of -9.8 meters/second?)
Y

> Units

=
Z

> Simulation

> Keying Sets

> Audio

- @ Rigid Body World

Be sure this is turned on

Remove Rigid Body World

- Settings
Collection
Constraints
- Speed 1.000
ﬂ“.'fi Split Impulse
%@ Substeps Per Frame 10
Oregon State Solver Iterations 10
University
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Tell the Physics which Objects will be Involved

W, Sphere

Enable physics for:
Force Field
Collision
Cloth
Dynamic Paint

\g-, .‘,i;’
OregonState
University
Computer Graphics

293

For each object that will be pulled by gravity (the dominos and
the ball), select the object, click on the Physics Property
Button, click on on Rigid Body, and set the Type to Active

~ Rigid Body

 Settings
1kg
Srit Body ¥ Dynamic
Fluid Animated
Rigid Body
Rigid Boay Constraint

~ Collisions
Shape & Convex Hull

Source  Deform

> Surface Response
> Sensitivity
> Collections

> Dynamics

mjb - July 15, 2025

¥ Rigid Body

\g-, .‘,i;’
OregonState
University
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Tell the Physics which Objects will be Involved

294

For each object that will not be pulled by gravity but
will still be involved in the collisions (the floor),
select it and set the Type to Passive

Type Passive

mjb - July 15, 2025
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Turn the Animation On 295

Hit the Escape key to stop the animation

[~
B 4

dominos.blend

®.9

y

dominos.mp4

Computer Graphics mib - July 15, 2025

You Probably Need to Change “Convex Hull” to “Mesh” #*

Blender wants your simulation to run as fast as possible. For this reason, it defaults
to wanting to use a simplified version of your geometry called a Convex Hull.

You probably don’t want this. In that case, change Convex Hull to Mesh.

Consider links on a chain. The yellow one is Passive and the blue one is Active.

v
Computer Graphics mib — July 15, 2025
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You Probably Need to Change “Convex Hull” to “Mesh” %7

With both chain links using Convex Hull, they fly apart:

~ Rigid Body

+ Settings

¥ Dynamic

Animated
v Collisions

Shape & Convex Hull

Source  Deform

~ Rigid Body
Type Active
v Settings

Mass 1kg
# Dynamic

Animated

~ Callisions.

mjb - July 15, 2025

298

Setting Gravity

In order to do physics animations, Blender needs to have an idea of what Gravity
is. The acceleration due to gravity near the surface of the earth is 9.81
meters/sec? (pointing down), which also equals 32.2 feet/sec?.

You can set this by clicking on the Scene Properties Button and then scrolling
down to the Gravity dialog area.

T & Gravity

Gravity X

Y

This is the default, but you can set Gravity to anything you want, including turning it off
completely, or making it point upwards, or making it point sideways.
OregonState
University
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Gravity on Other Worlds 299

The acceleration due to gravity is not the same on all worlds. It depends on the
mass of the body and its radius.

For fun, try setting the gravity to the Gravity Acceleration that other bodies have in
our solar system:

Gravity Acceleration
Body (m/sec?) g’s
Mercury 3.70 0.38 Gravity X
\Venus 8.87 0.90 Y
Earth 9.81 1.00 z
Moon 1.62 0.17
Mars 3.71 0.38
Jupiter 24.79 2.53
Saturn 10.44 1.06
Uranus 8.69 0.89
Neptune 11.15 1.14
https:/waw.universetoday.com/35565/gravity—on—other—planets/
University
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300

Gravity on Other Bodies

Or, invent your own planet! Pick a different “m/sec?”.

21st Century Fox

R

o7

OregonState
University
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Another Cool Thing: Modeling Cloth 301

Pixar: Geri's Game

OregonState
University
Computer Graphics mib - July 15, 2025

Modeling Cloth — Start with a Cube and a Grid 302

There is a difference in what different Mesh types
will do. This needs to be a Grid — not a Plane!

X

/S

Scale the Grid by 3 (s3) and move it in z (gz)

——
cloth.blend

®

cloth.mp4

OregonState
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Modeling Cloth -- Enable Collision with the Cube 303

1. Select the cube.
2. Then go tolthe Physics Property But
3. Then click ¢n Collision

Force Field A Soft Body
Collision Fluid

Cloth Rigid Body

Dynamic Paint l, Rigid Body Constra...

(o
%@ You don’t need to set any other parameters (unless you want to)

T 4
OregonState
University
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Modeling Cloth — Subdivide the Grid into More Pieces "

If you select the grid and tab over to Edit 4. Back in Object Mode, select the grid, then

Mode, you will see that it is already select Modifiers.
subdivided somewhat. To act as a cloth,
we'd like it subdivided some more. 5. Then click Add Modifier and select

Subdivision Surface.

6. Change the Viewport parameter from 1 to 2

7. Click the Apply button.

Add Modifier

v [O] Subdivision Vﬁﬁ"‘ v |
Catmull-Clark Simiple

Levels Viewport 2
Render Z

¥ Optimal Display

» Advanced

mjb - July 15, 2025
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Modeling Cloth — Tell the Grid that it is Really a Piece of Cloff

} Grid

Force Field @ Soft Body:
Collision (6] Fluid

8. Select the grld coth H@E = Rigid Body
Then go to the Physics Property Button. & &  Lynamcpant | Rigid Body Constraint
Then click on Cloth.

~ Cloth =
Quality Steps
Speed Multiplier

\ Physical Properties

=~ [, Sphere

i Bending Model  Angular
Enable physics for: g g

» Force Field (. Soft Body

s Callicinn (5} Fluid

i} Cloth = Rigid Body

¢  Dynamic Paint W Rigid Body Constraint

~ Stiffness

Bending

You can get away without changing any of » Dampino
these parameters, but, at some point, you will
want to experiment with different values of
Stiffness and Damping.

UI'EE"UI 1dLawe
University
Computer Graphics mib - July 15, 2025

306

Modeling Cloth — Run the Animation
9. Select the grid, RMB, then select Shade Smooth.

10. Start the animation.

Orego State
University
Computer Graphics
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Baking the Cloth Animation 307

Force Field Soft Body
Collision (3} Fluid
Cloth =@ = Rigid Body
& Dynamic Paint W Rigid Body Constraint

Why does the animation run so slowly?
That is because it is computing the
simulation while it is animating.

v Cloth

Instead, tell it to precompute the
animation. You do this by selecting the
Bake button (and waiting and waiting).

Quality Steps
Speed Multiplier

» Physical Properties
¥ Cache Now try animating.

Simulation Start !
End 250

250 frames in rnemory (14.5 MiB).

Options are disab'ed until the file is saved

Bake Bake All Dynamics
Calculate w rrame Delete All Bakes

Update All to Frame

mjb - July 15, 2025

Cloth Animation with Color, Texture, and Lighting 308

|| l

T

cloth.mp4

Orego State
University
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What if You Want the Cloth to Retain its 309
Animated Shape Forever ?

That is, supposing you have used a cloth animation to drape a
tablecloth over a table and now want to leave it that way.

You start with this:

Then, with the cloth selected, go to the

Modifier menu. You will see the Cloth modifier
already magically there. Select the down arrow
and click on Apply.

W, Grid 7 cioth

Add Madifier

Animate to v 7
get this: :

Cloth w2

Settings are inside the t Bl Z
=

(= as Shape Key

(@ Save as Shape Key

AN
o
&
OregonState
University
Computer Graphics

Cloth Animation: Pinning Vertices 310
One of the many fun parts of cloth animation is pinning
some of the vertices. There are lots of reasons to do this,
such as to pin the edge of a flag to its flagpole, or to pin a
cloth to a clothesline.

‘W, Grid %7 Grid.0oo1

: F~ Grid.001
To do this, Tab into Edit Mode, Shift-LMB the vertices to v Vertex Groups
be pinned, and create a Vertex Group from them. (This
was described in more detail in fhe Modeling section of © Gl

these notes).

.
Assign  Remove Select Deselect
Vieight 10007

- » Shape Keys
> UV Maps

* Vertex Colors

©.
> Face Maps

*» Normals
ﬂﬁ': © Texture Space
\&-: y * Remesh
i
Oregon State * Geometry Data
University » Custom Properties
Computer Graphics
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Cloth Animation: Pinning Vertices 3

In the Cloth section of the grid’s Physics
menu, select the name of the Vertex Group to
be pinned

¥ Shape
When you re-animate, those vertices will be

Pin Group Corners ¥ stationary.

Stiffness 1.000

Sewing

Shrinking Factor [SS0I000

Dynamic Mesh

<
OregonState
University
Computer Graphics

Rendering an Animation 312

Renders window Help Layout

Renders Window Help Layout

E} Render Image
@ Render Animation

E_? Render Imaae
‘@ Render Animation

Render Audio... Render Audio...

View Render View Render

View Animation

View Animation

Lock Interface [J Lock Interface

Render Animation kicks off the View Animation brings up a s¢parate window

renderlqg of all your animation and plays back your animation
frames in order |

Hint: if this is just a test render, and you have
lots of time-consuming visual effects going on,
you might cut down the resolution and/or the
number of rendered frames to speed things up.
Oregnnsgale
University

Computer Graphics iy 15, 2025
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313

Cloth Flag Animation: Pinning Vertices

We previously had this note-slide in which we looked at
creating a vertex group that would become pinned in place.
This slide shows what we did before for pinning the cloth W Gid %7 Gridool
horizontally. Starting after the Vertex Groups, we will pin a
column of vertices to create a flag waving.

T~ Grid.001

¥ Vertex Groups
To do this, Tab into Edit Mode, Shift-LMB the vertices to be
pinned, and create a Vertex Group from them. Vertex Groups '+ B
were described earlier in these notef, but | am repeating them
right after here so you don't have to|go find them.

>

Assign  Remove Select

Weight

Shape Keys
UV Maps
Vertex Colors
Face Maps

Normals

Texture Space

Remesh

Orego State Geometry Data

University Custom Properties
Computer Graphics

Vertex Groups 314

Add a UV Sphere

U
Computer Graphics
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Vertex Groups 315
Select a group of sphere vertices to turn into a Vertex Group.
In Object Mode, turn on X-ray
Object Mode, turn on Orthographic
7
@
OregnState
University
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316

Vertex Groups

In Edit Mode, sweep over a group of sphere vertices

0

:l: Sphere > v Sphere

v ~ Sphere

~ Vertex Groups

~ Shape Keys

Click on the Object Data Properties icon

P In Vertex Groups, click on the +
(%@@ This creates a new Vertex Group

%
OregonState
University
Computer Graphics mib — July 15, 2025

158



7/15/2025

Vertex Groups s17
W, Sphere > %7 Sphere
Now click on Assign to assign
the vertices you pieked to vertex j 7~ Sphere
group Group. v Vertex Groups
253 Group
Aasign Reniove Select Deselect
Double-click on Group and give that Vertex
) Group a more descriptive name
a“‘“A
\E\t} I named mine “Right” because these vertices
O Stats i i
'I‘jefi"v;‘rsﬁ;e are on the right side of the sphere.
Computer Graphics mib - July 15, 2025
318
Vertex Groups
In Object Mode, turn off X-
In Object Mode, turn on Perspective
(e
&
OregonState
University
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Cloth Flag Animation: Pinning Vertices 319
Create a grid, scale it up, rotate in to be vertical, and subdivide it in Edit mode.
University
Computer Graphics b — duly 15, 2025
Cloth Flag Animation: Pinning Vertices 320
— A

Still in Edit mode, sW\itch to Orthographic mode and rotate so the cloth is
et perpendicularly faciny you. Unselect everything (click in empty space) then
B S box-select one column of vertices.

VETRIY
Computer Graphics
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Cloth Flag Animation: Pinning Vertices 321

Click on this icon.

{ v Vertex Groups

223 Group

>

Assign Remove  Select [esel...

Find tjle VertexX Groups area. Click on the plus sign (+) then

A2 click/on Assign. You can leave these vertices labeled as

%@ Group, or give them something more descriptive, like Column.

b Tab back to Object Mode. Go back to Perspective Projection. @

OregonState
University
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Cloth Flag Animation: Pinning Vertices 322

v Shape

Pin Group 233 Group
Stiffness 1.000

Sewing

A&

Fluid
Cloth = Rigid Body
Dynamic Paint "ll'f Rigid Body Constraini

Collision

Force Field (7 Soft Body
3}

With the cloth selected, go to the Physics|icon and select Cloth.
Scroll down to the Shape tab and set the Pin Group to whatever
name you gave your column of points (Group, here).
(e
&
OregoState
University
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323

Cloth Flag Animation

Color and texture the cloth any way
you’d like, and turn on the Animation.

5
OregonState
University
Computer Graphics
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To Blow Cloth, We need a Force Field - 324
Attach it to an Empty Object

V Mesh Ironically, one of the most useful objects is
D curve the one you can'’t see. Blender calls this an
& surface | Empty.

& Metaball

a ®xt It's invisible on the screen, but you can

| treat it like a real object, and can attach
forces to it. These forces will influence the
behavior of other objects.

# \olume
£ Grease Pencil

K Armature
1 Lattice | Find the Empty under the Add tab at the

B % Plain Axes top of the screen. When you click on it, this
E — 1 s sub-menu pops up.

® Light [ E e
%% Light Probe O circle
Cube
@ camera B c
@ sphere
i) Speaker & Cone

313 Force Field a| Image

& Collection Instance

UTHVET:

y
Computer Graphics ’
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We need a Force Field — Attach it to an Empty Object 3%
; . Surprise! Even though it is invisible, an
#= Plain Axes Empty has a shape!
}’ cu For this exercise, pick the Single Arrow
<« T Single Arrow
i On the screen, it will look like this:.
O circle
() Cube
@ Sphere
& Cone
[a’] Image
(e
OregnState
University
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Blowing the Cloth -- Force Fields 326

Force Field 7 Soft Body

Collision [d)

Cloth | Rigid Body
Dynamic Paint T Rigid Body Constraint

Gy With the Empty Object selected, clitk on the
-\a‘ls Physics icon and then click on Force Field
OregnState
University

Computer Graphics

A really good use for Force
Fields is to blow particles and
cloth around
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327

Position and Orient the Empty

Using the usual object-rotate commands, orient the Empty so that it is pointing
at the particles.

Hint: it is easiest to position it in Global Coordinates (g - x) and easiest to
rotate it in Local Coordinates (r & x - x) .

And, under Force Field Type,

= 5
W, Empty 5,

select Wind
X Force Field  Rigid Body Constraint
¥ Force Fields
Type = Wind You will use this to change the

Strength of the wind

¥ Settings
Shape . It will look like this on the screen:

Strength 3.800
Flow 0.000
Affect [ Location
& Rotation
Noise Amount 0.000
Seed 23
Absorption
Wind Factor 0.000

mjb - July 15, 2025

Cloth Flag Animation: Adjusting the Amount of Fluttering 328

d v Field Weights

v Settings Effector Collection
Shape Gravity
All
Strength 15.000 Force
Flow 0.000 Crariee
Affect & Location Magnetic
» Rotation Harmonic
Noise Amouat 10.000 Charge
Szed 25 Lennard-Jones
Absorption Wind
Wind Factor 0.724 Sl
Texture
. . Fluid Flow
In the/ Empty object, increage the o bulonce
Strength and the Wind Factor. Drag
Beid
o
515 In the Cloth object, s¢foll down to the Field Weights
OregonState and increase the Wi
University
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Cloth Fluttering Flag Animation 329

2

fluttering.blend

fluttering.mkv

OregonState
University
Computer Graphics
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Cloth Fluttering Flag Animation © 330

OregonState
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Dropping an Object on the Cloth

Setup this scenario:

PN~

OregonState

Computer Graphics

o

Have an object hovering up in the air {gz’)
Add a Grid object and scale itu
In Edit Mode, Subdivide the Gri
In Edit Mode, select the 4 corner
Vertex Group called Corners (see Now to dp this a few slides back)
Back in Object Mode, select the gri

University

331

rtices of the grid and place them into a

mjb - July 15, 2025

Select the object hovering up in the air:
Go to the Physics menu and seleci-8oft Body
In the Soft Body sub-menu:

Dropping an Object on the Cloth

1. Uncheck Goal
2. In the Edges sub-menu:
» Set the Pull and Push each to 0.999
+ Set Bending to 1.00
3. In the Self Collision sub-menu
» Check Self Collision
OregoSta[e
Computer Graphics ) Field Weights

332

Saft Body o
Fluid
Rigid Body
Rigid Body Constraint

7/15/2025
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Dropping an Object on the Cloth

B3 Force Field
X Collision
Cloth

Dynamic Paint

/
- Coliision
) Fleld Absarption

« Particle

333

Soft Body. -]

Rigid

0.750
0.020
0.200
5.000

Permeability
With the hovering object still selected: SELTD
- - Kill Particles
Go to the Physics menu and-select Collision Dheiea
In the Collision menu: LT
Friction
1. In the Softbody & Cloth sub-menu Rardomize
° Set the Damping tO 0.75 « Softbody & Cloth
TNCLM:ﬁ C;:l:
Inner
Friction
Single Sided
Override Normals
w Soft Body
Collision Collection
2 Object
AR > Simulation
g
\tz > Cache
; E_‘l,il’ > 1l Goal
Oregon State « W Edges
University

Computer Graphics

Fluid
Rigid Body
Body Constrait
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Dropping an Object on the Cloth

> Cache

w Shape

PinGroup 282 Comers
Select the cloth grid, then: Eliliea
Go to the Physics menu apéd Sewing
In the Cloth menu: R

1. Open the Shape sub-mepu Shrickdog ector g0

Dynamic Mesh

2. Open the Collisions-su RECOTNDr
check Self Collisions Quality
Object Collisions
¥ Self Collisions

Friction

Distance

Impulse Clamping

- Vertex Group
O
OregonState
University
Computer Graphics

334
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Dropping an Object on the Cloth 335

> Field Weights

v Collision

Field Absorption

With the cloth still selected: P——
Go to the Physics menu and select G6llision Stickiness
Then, in the Collision sub-menu: K parices
1. In the Softbody & Cloth sub-menu Nedan

+ Set the Damping to 0.75 Friction

Randomize
v Softbody & Cloth

Damping 0.750
Thickness Outer 0.020
Inner 0.200
Friction 5.000

& single Sided

Override Normals

Orego State
University
Computer Graphics
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Dropping an Object on the Cloth 336

Click on the Play button in the animate controls m

The cloth sags and the object plops into it

Orego State
University
Computer Graphics
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Setting up a Fluids Simulation — 387
Create the Domain Object

Step #1: Create the Domain, the volume in which the fluid will be simulated. Here, |
scaled the default cube by 3in X, 3inY, and 5in Z: ‘sx3<ret>sy3<ret>sz5<ret>’

Step #2: With the cube selected, go to the Physics tab and select Fluid
Step #3: Under that Fluid tab, select Domain and Liquid

e
M, Cube

Force Fiel 7 Soit budy
Collision Fluid =
Cloth = Rigid Body

~
Dynarc Pailt ",_-If Rigid Body Constraint

Type Domain

¥ Settings

Domain Type  Liquid

Resolution Divisions 32
AR h Time Scale 1.000
%@ = y - CFL Number 4.000
AT 4 - / .

OregonState ¥ Use Adaptive Time Steps

University fluidmonkeycone.blend  (REANRLLESEE LT
Computer Graphics e

Setting up a Fluids Simulation — 338
Create the Domain Object

Step #3: Scroll down in the Physics-Fluid menu until
you find the Mesh tab.. Be sure it is turned on.

» Particles

¥ ¥ Mesh

Upres Factor 2
Particle Radius 2.000
Use Speed Vectors
Mesh Generator  Final

Smoothing Positive

Negative

Concavity Upper

_ Lower
\g-, .‘,i;’
OregonState
University
Computer Graphics
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Setting up a Fluids Simulation — 339
Create the Flow Object

Step #4: Create a mesh object that will be the original location and shape of the
fluid. A UV-Sphere works well. A monkey works even better! © This object

must lie totally within the Domain. You should probably toggle into Wireframe or
X-ray mode so you can see inside the Domain.

Position this object near the top of the Domain.

A
OregonState
University
Computer Graphics
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Setting up a Fluids Simulation — 340
Create the Flow Object

Step #5: With this object selected, go to the Physics menu, click on Fluid,
select Flow, and select Liquid

i W Suzanne

N Coliision Fiid S
ﬁ Cloth Rigid Body
led Dynamic Paint Rigid Body Constraint

e LSS Force Field 2 Soft Biidy

¥ Fluid

v Settings

Flow Type  Liquid
Flow Behavior ~Geometry

Sampling Substeps

» Flow Source

v Initial Velocity

AN

A
OregonState
University
Computer Graphics
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Setting up a Fluids Simulation — 341
Miscellaneous
Step #6: Miscellaneous Things:

» Change the color of the Domain object (cube) to the color you want the fluid to
be. Feel free to change the Metallic and Roughness parameters as well.

» Change the shading type of the Domain object (cube) to Shade Smooth

» Hide the Flow object (monkey?) by clicking off its eyeballs in the Outliner

» Select the Domain object (cube), go to the Physics menu, scroll down until you
see this:  Be sure Liquid is turned on. Now, go here and select the other

option. It doegA't make a huge difference which one you pick, buaf changing the
option resets the fluid simulation.

v R Liquid
Simulation Method

FLIP Ratio

Svstem Maximum

Computer Graphics mib - July 15, 2025

Running the Fluids Simulation %42

Step #7: Run the animation! Go to Viewport Shading mode and hit Play.
The first time through will seem slow becauseé\it is computing the frames

and storing them. After that, the animation will'Yoe much smoother because
Blender is playing back your frames.

I« o< C P ro >

AN

&
©
OregonState
University
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343

Adding a Barrier

Step #8: Add some shape (a cone perhaps) into the middle of the Domain.
Give it a color and the proper shading type. Then, go to the Physics
menu, click on Fluid, and select Effector.

varce Field A Soft Body
Colision Fluid = &
Cloth Rigid Body
Dynamic Paint Rigid Body Constraint

Type Effector
v Settings

Effector Type  Collision

Sampling Substeps (0]
Surface Thickness 0.00000
& Use Effector

Is Planar

University
Computer Graphics mib - July 15, 2025

344

Adding a Barrier

Step 9: Select the Domain object, go to the Physics menu, scroll down until you
see this again: Go here and select the other option. It doesn’t make a huge
difference which one you pick, but chapging the option resets the fluid simulation.

4 v @ Liquid

Simulation Methcd
FLIP Ratio

Svstem Maximum

Step 10: Hit Play!

o
OregonState
University
Computer Graphics
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Inflow 345

Select the Flow object (Suzanne in this case), and try changing the flow behavior
from Geometry to Inflow.

« Fluid  Fluid
Type  Flow - . Type Flow
~ Settings . s Settings

Flow Type  Liquid raw Type  Liquid
Flow Behavior ~Geometry Flow Behavior  Inflow

Sampling Subst... ¥ Use Flow

Inflow means that we want the fluid
to keep flowing into the domain:

OregonState
University
Computer Graphics
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346

10. Appearance, |l

OregonState
University
Computer Graphics
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Procedural Texturing 347

Put the display in Render Préview mode

Select an object, click on the Material Properties
icon, and then click on New

i
OregonState
University
Computer Graphics
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Procedural Texturing 348

This time we're not going to go down to Viewport Display.
We are going to use the color settings at the top.

s s G 1. Select Principled BSDF
(probably already selected)

Material.001
2. Here, where you would

B~ Material001

> Preview

 Surface

Base Color @ )

Surface

SR e
Base Color =

Metallic

3. From that pop-up menu,
select Voronoi Texture (or
one of the others)

Roughness

Default
AT
OregonState
University
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Procedural Texturing 349
3. From that pop-up menu, select Voronoi Texture (or one of the others)

= = B Colo S

Ambient Occlusion Brick Texture Brightriess/Contrast Blackbody
Attribute Checker Texture Gamima Color Ramp

Color Attribute Environment Texture Hue/Saturation/Value Combine Color

Object Info Gradient Texture Invert Color Combine HSV (Legacy)

RGB Image Texture Mix (Legacy) Combine RGB (Legacy)
Volume Info Magic Texture RGB Curves Mix

Noise Texture Shader to RGB

Point Density Wavelength

Sky Texture

Voronoi Texture

Wave Texture

White Noise Texture

Oregn State
University
Computer Graphics
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Procedural Texturing 350

? Preview

~ Surface

Surface @ Principled BSDF

Base Color @ Voronol Texture

4. Change the Scale to

3D
change the size of the =
Voronoi cells T ictides
Normalize
. . * Default
5. Try changing the Detail! s
Detan
Roughness
6. Try changing the Wi
Randomness! ==
Metallic
Roughness
107
7. As before, changing Atpha
Metallic and Roughness Normal & Default

affects the shininess.

OregonState
University
Computer Graphics ’
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Blender has these Built-in Procedural Textures

Ambient Occlusion

Attribute

Color Attribute
Object Info
RGB

Volume Info

Oregon State
University
Computer Graphics

’_, tire
Brick Texture
Checker Texture
Environment Texture
Gradient Textu'e
Image Texture
Magic Texture
Noise Texture
Point Density
Sky Texture
Voronoi Texture
Wave Texture:

White Nois#: Texture

Brightness/Contrast
Gamma
Hue/Saturation/Value
Invert Color

Mix (Legacy)

RGB Curves

Blackbody

Color Ramp

Combine Color
Combine HSV (Legacy)
Combine RGB (Legacy)
Mix

Shader to RGB
Wavelength

351

mjb — July 15, 2025

Start with a UV Sphere being shown in Render Preview mode

Oregon State
University
Computer Graphics

Image Texturing

352

IS
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Image Texturing 353

Christensen-Burley
Says that you want to read

a texture image from a file Base Cuioci @ Image Texture

v + New — Open

| Linear
Click here to open an image file

OregonState
University
Computer Graphics mib - July 15, 2025

Image Texturing 354

“ Blender File View - @ X
 Bookmarks: 88 v

Add Bookmark

> worldtex.bmp is a good texture to try!
OregonState
University
Computer Graphics b — duly 15, 2025
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Image Texturing

worldtex.bmp is a good texture to try!

355

mjb - July 15, 2025

You can change the
Flat parameter to one

of tke others

v . Base Calor

]~ wortdtexbmp

Color Space

Alpha

Vector
Metallic
Roughness
T0R

Alpha

Normal

\g-, .‘,i;’
OregonState
University
Computer Graphics

* worldtexbmp

Linear
Flat
Repeat
Single Image
SRGB
Straight
Default

Default

Image Texturing

Sphere

Box

Tube

Flat

356
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Places to Find Good Texture Images 37
https://www.shutterstock.com/search/texture
https://ambientcg.com/list?sort=Popular
https://www.freepik.com/photos/texture
Links checked: June 26, 2025

Your own photos should work well too!
e
oI
OregnSlale
University
Computer Graphics mib - July 15, 2025
358

Turning on the Cycles Renderer

We have been using the Eevee renderer and have gotten some very nice
results. But we can do even better with the Cycles renderer.

CE

In the Rendering Prqperhes s i
menu, select Cycles instead —
of Eevee. L A

Render Cycles

Viewpors
Engine

And then select GPU Compute _ Ambient Occlusion
instead of CPU (it's faster!).

Rende: Sngine

Feature Sev

s

OregonState
University
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Turning on the Cycles Renderer 359

Then, right below that, turn on Denoise if it's not turned on already

Denciser  Automatic

Passes  Albedo
Start Sample

©
OregonState
University
Computer Graphics mib - July 15, 2025

Selecting the GPU Options 360

Select Edit—Preferences

In the Preferences menu, select System. These are

R Fid B Rinder Window Help your GPU options. All might worK on your system, or
Undo none might workon your system. Depends on what

graphics hardwareyou have,

Undo History

Repeat Last

Repeat History...

o
A

 Cycles Render Devices

\

Adjust Last Operation.. Norw CcupA opiX. HIP onesp; B

*
-
-
O

Menu Search.. W 1.VIDIA RTX AB0ODO

Intel Xeon CPU E5-1630 vd @ 3.70GHz

&

Rename Active ltem...

= Editing
Batch Rename... * Operati. g System Settings
= Animation

]

Lock Object Modes Make this installation your default Blender

2 proeences. .

3

&

L Make Default

P

Input

~ Memory & Limits

Undo Steps

Undo Memory Limit

Consale Scrollback Lines

Texture Time Out

1R
‘g@ Try them all to see which you have and which give the fastest Cycles
g \E render. On my system, OptiX is fastest, followed by CUDA. On my
Unwersty System, HIP and oneAPI aren't available.

Computer Graphics mib — July 15, 2025
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Back to Cycles: Let’s Say That We Want to 361
Render This Scene

Cube and Monkey are opaque

Sphere is both reflective
and refractive

Plane has a checkerboard
texture on it

Scene has lighting and
shadows

Sphere is both reflective

and refractive

<
OregonState
University
Computer Graphics

{
reflrefr.blend

5~ July 15, 2025

Making the Sphere Reflective and Refractive

Click on this small green circle. Instead of making the surface

shader Principled BSDF select Mix Shader:

-

@~ Materlal 001 obx ¥~

> Preview
~ Surface

Surface @ Piincipled BSDF

Metallic 0.000

Roughness e 0.500
IOR e 1.500
Alpha e 1.000

Normal Default

A
OregonState
University
Computer Graphics

5 H
Diffuse

Subsuri

Speciia

Coat
Sheen

Emissic

>
>
>
> Transm
>
>
>
>

Thin Fil B

> Volume

v Displacerr

» Settings
> Line Art

> Viewpart

362

Surface @ Principled BSOF
([ ad
Add Shader

Background Disconnect

Ms tallic BSOF
Mix Shader
Principled BSDF
Principled Hair BSDF
Principled Volume

Ray Portal BSDF

ce Scattering
Toon BSDF
Translucent BSDF
Transparent BSDF
Volurr

Volume Scatter

mjb — July 15, 2025
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Making the Sphere Reflective and Refractive

Combine refraction and reflection effects
together with the Mix Shader

How much to mix each shader

The first shader is Glass BSDF to get
the refraction
Transmission color

Index of Refraction

The second shader is Glossy BSDF+o
get the reflection

T2 Reflection color
OregonState
University
Computer Graphics

363

.
B~ Material.001
> Preview
*“ Surface
SuTac. @ Mix Shader

~ @ Glass BSDF

Multiscatter GGX v

Roughness @
TOR @
Normal Default
Shads- @ Glossy BSDF
Multiscatter GGX 2t
cowor » N
Roughness ® 6500
Anisotropy @
Rotation e
Normal Default

Tangent Default

mjb - July 15, 2025

Putting a Checkboard Pattern on the Plane

1. Select Principled BSDF
(probably already selected)

2. Here, where you would
normally select a color, click on
this little yellow circle

3. From that pop-up menu,
select Checker Texture (or one
of the others)

Occlusion

s

i

OregonState
University
Computer Graphics

364

Surface @ Principled BSDF

——)

Metallic e 0.000

Roughness 0.500

1.500

Brick Texture
Checker Texture
Environment Texture
Gradient Texture
Image Texture
Magic Texture

Noise Texture

Point Density

Sky Texture
Voronoi Texture
Wave Texture

White Noise Texture
mib — July 15, 2025

7/15/2025

182



365

Putting a Checkboard Pattern on the Plane

v Surface

Surface @ Principled BSDF

Base Color @ Checker Texture

5. Here you can select the two Vector ® Default
colors making up the - sty
checkerboard

Color2
6. Change the Scale to change Scale
the size of the checkerboard Metalllc
squares

Roughness
IOR
Alpha

Normal Default

Orego State
University

Computer Graphics mib - July 15, 2025

Onscreen and Rendered Results with Eevee 366

On-screen

Rendered

Orego State
University
Computer Graphics
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367

Onscreen and Rendered Results with Cycles

On-screen

Rendered

Drego State
University
Computer Graphics
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Rendered Results with Cycles 368

Oregon State
University
Computer Graphics

mjb - July 15, 2025

7/15/2025

184



Rendered Results with Cycles

You may have noticed some “sparkling” in v Sampling
the rendered image on the previous slide.
That is a natural artifact of the path-tracing

Integrator ~ Path Tracing

Render

algorithm that Cycles uses. In computer Viewport
graphics, this is called “render noise”. » [ Adaptive Sampling
Blender has a denoising feature. All you ¥ Dencising

have to do is turn it on in the Denoising { e 1T

tab of the Render Properties menu.

Viewport

Orego isi
o No Denoising

. Denoising
compute 1 minute, 39 seconds

2 minutes, 14 seconds

369

b - July 15, 2025

Rendered Results with Cycles

370

No Denoising Denoising
1 minute, 39 seconds 2 minute, 14 seconds

¥ Sampling
Integrator  Path Tracing
BTW, | don’t recommend you turn Denoising
on for the Viewport display. It really slows
down your interaction when using Cycles:

Orego State
University
Computer Graphics

mjb - July 15, 2025

7/15/2025

185



What is Ray-Tracing? 371

It starts at the eye:

| —
|
///
// //
Toeb e L1
] = Q
L //
=1 |
L l
1
|
5
E‘.‘ti?

thogmabien The pixel is painted the color of

University the nearest object that is hit.

Computer Graphics
mib — July 15, 2025

What is Ray-Tracing? 372

It's also straightforward to see if this point lies in a shadow:

/
//
// | —1
L—1 L—1
""0)«(»/ |
L //
// //
// //
1
/
|
-
E‘.‘ta?

Fire another ray towards each light source. If the ray
Oregon State

University hits anything, then the point does not receive that light.
Computer Graphics
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What is Ray-Tracing? 373

It's also straightforward to handle reflection

Normal

// Vector Angle of
reflection
L
@ S
| 1 incidence
— //
L L
L //
//
|
aﬁl.
Omg me Fire another ray that represents the bounce from the
University reflection. Paint the pixel the color that this ray sees.
Computer Graphics
mjb — July 15, 2025
The Physics of Reflection 374

Normal (Perpendicular) Vector

Law of Reflection:
O =0,
Angle of reflection = Angle of incidence

4|
Oregon State
University
Computer Graphics ’
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375

What is Ray-Tracing?

It's also straightforward to handle refraction

9
e gme Fire another ray that represents the bend from the
Urlgiver;ity refraction. Paint the pixel the color that this ray sees.

Computer Graphics
mib — July 15, 2025

376
The Index of Refraction, I]
Air i The Index of Refraction (IOR) is a measure of how
! much light slows down as it passes through a
! particular material.
n4 ! 9 The larger the IOR, the slower the speed of light in
% that material.
: The larger the change in IOR, the more the light
91 ' will bend as it passes from one material to another.
1
N2 |
|
|
Water i
Snell’s Law of Refraction says that:
sinf, 1 Or: M
- =— sinf, = sinf, —
sinf; 1, 2 1,

Notice that there are certain combinations of the n’s that require
3 sin®, to be outside the range -1. — +1., which is not possible.
O'I‘Jengi‘;‘éi‘t;‘e This indicates that the refraction has actually become a reflection.
Computer Graphics https://en.wikipedia.org/wiki/Snell’s_law

mjb - July 15, 2025

7/15/2025

188



The Physics of Refraction 317

Material B I e
J)
Material A :
| I
7 : Material Index of
1 Refraction
Vacuum 1.00000
Snell’s Law of Refraction: Air 1.00029
. Ice 1.309
Sin @B _ny Water 1333
sin @A - n, Plexiglass 1.49
i) Glass 1.60
%@ Diamond 2.42
Oreglonsgale
Comngt‘;rsc;ﬁéphics http://en.wikipedia.org/wiki/Refractive:j:_dj:(15 .
Common Indices of Refraction 378
Material Index of
Refraction
Vacuum 1.00000
Air 1.00029
Ice 1.309
Water 1.333
Plexiglass 1.49
Glass 1.60
Diamond 2.42

Something New: Moissanite

&

©

Oregon State ==
University . ) ] S .

- .. https:/idiscover.charlesandcolvard.com/our-brand/everything-you-need-to-know-about-moissanite-vs-diamonds/

Computer Graphics b~ duly 15, 2025
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You Can Also use a Mix Shader to Blend Glass 379

and a Texture

s ©o Materialo01

® Mix Shader

Color
Roughness
0] 1450
Mormal o Defauit
Shader ® Principled BSDF
66X
Random Walk
& Voronol Texture
30
F1
Eucidean
* Defoult
.
.

Susurface Color
Subsurface I0R
Subsirface Anisotropy
Mesallic

Specular

Specular Tint

Roughness

mjb - July 15, 2025

380

11. Vertex Sculpting

A
OregonState
University
Computer Graphics
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Vertex Sculpting 381

Vertex Sculpting is, well, sculpting vertices. But,
in order to do this well, we need a lot of vertices.

Start with a UV sphere mesh object.

Tab over to Edit Mode.
RMB — Subdivide — Subdivide

When you get back to Object Mode, the sphere
won't look any different than before because you
just subdivided the polygons, not smoothed
them. If you had wanted smoothing, you could
have used the Subdivision Surface Modifier.

Now go to Sculpt Mode.

AN

‘g@ i“ 2 scuiptmode
\E-‘\l,i;; & Vertex Paint
Oregon State 15} Weight Paint

UniwrSity axture Paint

Computer Graphics mib — July 15, 2025

Vertex Sculpting 382

Lots of new options will appear at the top:

FlRadius 50 px @ | Strength ' 0.500 e & — Brush v Texture v
Brush Radius Brush Add Material (+) or Brush
(I like 25-100, depending on the Strength Subtract Material (-) Characteristics
size of the object) (height)

Stroke v  Falloff v Cursor v $3 Y Z v [0 Dyntopo v Remesh v Options v

Stroking Surface Falloff Symmetry Control
Characteristics from the Center (I recommend you
of the Brush click all of these off
~ | like Smoother for now.
JT ( ) )
E \g-, .‘,i;’
OregonState
University
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383

Vertex Sculpting -- Brushes

You will see a whole bunch of sculpting options along the bottom of the screen.
Hover above each one and a description will pop up:

Orego State
University
Computer Graphics
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Vertex Sculpting 384

Add material
Go back and forth over the object with the

brush to increase the sculpting effect Subtract material

Sculpting usually looks better if you
quick get over into Object Mode,
RMB — Shade Smooth

Computer Graphics
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385

Vertex Sculpting with Dynamic Topology (“Dyntopo”)

This cool — you are really going to like this!

2 @ = scupoaw Radius 20px ¢ ['Strength

1.000 ¢ +~ —

® SculptMode v View Sculpt Mask Fece Sets

. = User Perspective
| (1) Sphere

Set the Sculpt Set Radius Set Brush
Mode to Draw to 20 Strength to 1.0

Add Material (+)

Brush ~ Texture v Stroke ~ Falloff v Cursor v R Dyntopo v

2 2 E

o Surface Falloff from the Center
gg@ of the Brush to Smoother No Symmetry Click Dyntopo on
\E1E (if you get a message,
Oregon State just click OK)
University
Computer Graphics b = July 15, 2025

Vertex Sculpting with Dynamic Topology (“Dyntopo”) 3¢

Dyntopa «

And, have at it!

Set Dyntopo Detailing to
Brush Detail

s
<
W
OregonState

University
Computer Graphics
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Vertex Sculpting with Dynamic Topology (“Dyntopo”) ¥
How does Dyntopo Mode make such a smooth sculpt?
Let’s look at this in Sculpt Mode and then in Edit Mode:
/ 1\
Computer Graphics That's why it is called Dynamic Topology! T
388

12. Vertex Painting

Oregn State
University
Computer Graphics
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Vertex Painting

Vertex Sculpting is, well, sculpting vertices. But,
in order to do this well, we need a lot of vertices.

Start with a UV sphere mesh object.

Tab over to Edit Mode.
RMB — Subdivide — Subdivide

When you get back to Object Mode, the sphere
won't look any different than before because you
just subdivided the polygons, not smoothed
them. If you had wanted smoothing, you could
have used the Subdivision Surface Modifier.

Now go to Vertex Paint Mode.
A
OregonState
University
Computer Graphics
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390

Setting up for Vertex Painting

Be in Viewport Solid Shading mode

12+~ °W VertexPaint ~ jgl%J) View Paint

#& Paint Hard* v - Mix Radius 50o0x &
Brush Color Brush Radius
Don’t be fooled! Even though this looks like a black-nothing color, (I like 25-100)

it is the actual brush color. You can, and should, change it.

? Attribute

o

o
8
Strength 1.000 @,’ Brush v~ Texture v~ Stroke v Falloff v Cursor v

o
&Z@ Brush Strength Brush Stroking  Surface Falloff from the
h Characteristics  Characteristics ~ Center of the Brush
Hropnians (I like Smoother)
University
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A Word on Brush Size 391

Note: the brush size does not scale with
zooming in or out. It stays the same size.

Oregn State
University
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Selecting the Painting Color

#2v °R VertexPaint v %) View Paint

& Paint Hard* > - Mix

Brush Color
Click here to get the color wheel

Set the brightness (“value”)

Set the hue and saturation

Saturation
Value

X  #4854E5
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How Does Vertex Painting Work? 393

The “paintbrush” only drops “paint” when a vertex is inside the
circle brush. This means that the paint does not smear along a
1 nice line but can look splotchy like this. This is why we
Oregon State subdivided before — so we get more vertex density.

University
Computer Graphics
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How Do We Make it Look Less Splotchy? 394

Two approaches:

1. Make the object look smaller. That way more vertices will end

OggonSFAte up inside the brush circle.
Comp‘u"t;rtcsﬂ phics 2. Use Subdivide or Subdivision Surfaces to add more vertices

mjb - July 15, 2025
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Making Your Vertex Painting Show Up 395

> P Material.001 4

'@ Material001

Be in Rendered Shading mode

-
@~ Material.001

lick on the small circle next to Base
Color and select Mix (Legacy) from
the pop-upg menu

> Preview

v Surface

Surface ® Principled BSPT

Base Color
Metallic 0.000
Roughness 0.500

IOR A rAn

C Input [ Texture [: Color

Alpha -~
Ambient Occlusion Brick Texture Bri jht/Contrast
Normal Default ;
Attribute Checker Texture Ganma

Color Attribute Environment Texture Hue Saturation Value
Object Info Gradient Texture Invert
RGB Image Texture Mix (Legacy)
Dregon State Volume Info Magic Texture RGB Curves
University

. Noise Texture
Computer Graphics

Making Your Vertex Painting Show Up

& D~ Material.001 e

> Preview B Linear Light

Soft Light
v Surface B

= Overlay

Surface @ Principled BSDF Add

Color Dodge
v e BaseColor @ Mix Screen

Mix Lighten

Clamp Color Burn
Multipk
Fac L

Darken
Colorl

Mix
Color2 @ Color Attribute | Color

Then click here and select Color Burn or Multiply
from the pull-down menu
(“Mix” will change to whichever you picked)

OregonState
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Making Your Vertex Painting Show Up 397

v e BaseColor ® Mix Click and adjust the value of

Fac (the interpolation Factor)
Mix

Fac e 0.362 .

Clamp

Fac @

e I Click here and select a
R — base color for the sphere

Click on the small yellow circle and select
Color Attribute from the left column of the pop-up menu

% Input e Texture [ color

Ambient Ccclusion Brick Texture Bright/Contrast

Attribute Checker Texture Gamma
q Color Attribute Environment Texture Hue Saturation Value
Object Info Gradient Texture Invert

RGB Image Texture Mix (Legacy)

Volume Info Magic Texture RGB Curves

Noise Texture

Col
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The Fac Parameter Tells Blender What to do 398
on the Parts of Your Object that have both
an Object Color and a Paint Color

Multiply Multiply Multiply
Fac =0.00 Fac =0.50 Fac =1.00
All Object Color Half of Each All Paint Color
(o
OregnSlale
University
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399

Have a Nice Day!

s
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13. Keyframe Animation

s

s
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Blender Drivers 401

There are times when we want to relate some aspect of a part's modeling to
something else. Thatis, we want one measurement to drive another. Not
surprisingly, these are called Blender Drivers.

Blender Drivers are very useful. But they don’t really fall under any specific
major category. So | put them here. | am open to suggestions about where
they should really go.

Here our goal is to control the rotation of the torus with the translation of the cube.

s

OregonState
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Blender Drivers 402
Select the torus and hit the ‘n’ key to bring up the Transform Properties Panel:

%
2 09 Insert Keyframes

Hotation:

Insert Single Keyframe

Add Driver
Open Drivers Editor

[ Add All to Keying Set
Add Single to Keying Set

Remove from Keying Set

Reset All to Default Values

Reset Single to Default Value

Right-click in the torus’s X Rotation slot Copy Single to €
and select Add Driver Copy Data Path

Copy Eull Data Path
ﬂﬁ': Copy as New Driver
E‘.“l:i’ @; Cnline Manual
OregonState
University
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Blender Drivers 403

This reminds us that the Torus object is what is being
driven

i Driver: This section is where we get to specify the Driver object

var + 0.0

-+ Add Input Variable f ﬁii\

(x)v var X
Click here and specify the Cube as the driver

Upject: M, Cube A

Tyne: Y Location
Space: World Space

T i Click here and specify the Y translation as the driving direction

Update Dependencies

Show in Drivers Editor

mjb - July 15, 2025

Blender Drivers 404

| decided to also specify the Cube’s X Location as driving the Torus’s Y rotation:

Location:

-400.98°
-169.7°
0°
XYZ Euler

Scale:

3 So now moving the cube in X and Y (‘gZ’) will rotate the torus in 2 directions
University

Computer Graphics )
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405

Now On To Keyframing

http://ieeexplore.ieee.orgl/ieee_pilot/articles/05/ttg2009050853/figures.html

OregonState
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Keyframe Animation 406

Keyframe animation is a technique that goes all the way back to the beginning of
hand drawn animation (e.g., Walt Disney). Senior animators would specify key

positions for the animated characters and then more junior animators would fill in
the frames in between. This became known as keyframing and in-betweening.

Blender allows you to create the keyframes and gets the computer to do the in-
betweening. Here, we will keyframe-animate the monkey as she slaloms around a
group of colored cubes:

Orego State
University
Computer Graphics

mjb — July 15, 2025

7/15/2025

203



Keyframe Animation 407

Select the Animation workspace from the list at the top. This creates a
screen layout that looks like this:

-R- 8- 0oNSO

3D Viewport Window — what you are used to

Camera View Wihdow — what you will see if you Render
University ) A )
Computer Graphics Timeline Window — keeps track of what frame number we are on.

mjb - July 15, 2025

Keyframe Animation 408

User Ferspective
(1) Callection | Cube. 003

o Hetd P
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Keyframe Animation 409

Slide the timeline indicator to what frame number you want to set, position the
object (grab, gcale, rotate) how you want it to be (grab, scale, rotate), and

RMB — Insefrt Keyframe (or hit the ‘i’ key). From the pop-up menu, select
Location, Rptation, and Scale, indicating that you want to record location, rotation,
and scale factor. o e———— ]

25 13! ame Menu
Object Coi t Menu

Location
Shade Smooth

Shade Flat

Rotation

Scale

View Select Marker Ch

(1) 20

Convert To Location & Rotation
Set Qrigin | Location, Rotation & Scale

Loca

@l Copy Objects
Paste Objects

Rotation & Scale
Delta Location

Duplicate Objects S Delta Rotation

Duplicate Linked Delta Scale

Visual Location

Rename Active Object... visual Rotation

Mirror Visual Scale
Snap Visual Location & Raotation
ﬂﬁ': Parent Visual Location, Rotation & Scale
E,lg Move to Collection Visual Location & Scale
o | Visual Rotation & Scale
Oregon State  Insert Keyframe...
University - =
Computer Graphics Delete
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Keyframe Animation 410

Do it again: slide the timeline indicator to what frame number you want to set,

position the object how you want it to look, and RMB — Insert Keyframe (or hit

the ‘i’ key). From the pop-up menu, select Location, Rotation, and Scale,

indicating that you want to record location, rotation, and scale factor.
iy | o f

& @E800 -

s User Rerspective
{20} Collection | Suzanne
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Keyframe Animation

After a while, your timeline will look like this:

+  View Select Marker Channel Key

v Editor
[™} image Editor & Timel F] Python Console
i3 uv Editor nicFio | EGOpn oo ¥ info

h £¥ Preferences

linear Animation

411

mjb - July 15, 2025

Graph Editor

V 57 © Suzanne
SuzanneAction
v 57 © Object Transforn Se

® X Location

l ©®© Y Location
| ® ZLocation

© X Euler Rotation
I ® Y Euler Rotation
J} © ZEuler Rotation

*rreeY™
NN}

Computer Graphics

412
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Keyframe Animation 413

Your Graph Editor window should now look about like this.

Note that Blender has filled in the in-between values for you. (This is the “In-Betweening”.)

\g-, .‘,i;’
OregonState
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The Graph Editor Window 414

Click on the triangle. This gives you access to the curves.
Clicking on the eye toggles whether or not you can see a curve.
Clicking on/the hame of the curve makes that the current curve. You can then edit it.

ction
t Tiansforn o

< gl b
Z Location

.~ X Euler Rotation

Y Euler Rotation

\g-, .‘,i;’
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The Graph Editor Window 415

Shortcuts when the cursor is in the Graph Window:

Shortcut What it does

LMB Select a keyframe dot

Scroll wheel Zoom in and out of the Graph

MMB Pan the Graph

Shift-scroll wheel Pan in Value (vertical)

Shift-MMB Pan in Value (vertical) and Time (horizontal)
Control-MMB Scale in Value (vertical) and Time (horizontal)

©
OregonState
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Animation Mischief © 416

After you have selected one of the animation curves, hit the ‘n’ key.
Like in the 3D View, a Number Panel pops up.

Click on the Modifier tab.

Then click on Add Modifier.

¥ Modifiers

()

e

Add Modifier v @R S

1

)

Qo

=

©

o

=

=

2z

S

©

OregonState
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Animation Mischief © 417

Select Add Modifier.
From the [list of Modifiers, select Noise.

Add Modifier
Generator
Built-In Function
Envelope
Cycles

Noise

Limits
Stepped Interpolation

Verts:2,036 | Fac

Computer Graphics mib - July 15, 2025

Animation Mischief © 418

Use this menu to change the noise parameters scale and strength.
Notice what this does to the curve.
Now play the animation.

Add Modifier

F-Curve

v @ Noise

Blend Type Replace
Scale 1.000
Strength 1.000
Offset 0.000
Phase 1.000

Modifiers

View

Depth

Influence

CHCECE B
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Two Characters Interacting 419
To avoid a collision, the monkey jumps up and the cube squishes
2 -°3
. / ; L
anim2.blend anim2.mp4
(e
OregnState
University
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Animating the Camera and the Lamps

Cameras and Lamps are just like any other object. As you have seen, they can be
positioned. They can also be keyframe-animated. Like other objects, just select them and
hit the ‘i’ key to insert a keyframe.

Universif
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Animating (almost) Any Parameter 421
One of the many cool things about Blender is that you can do more than just keyframe-animate
the objects, you can also keyframe-animate the parameters you are setting. For example,
suppose you want to animate the Metallic-ness. To set a keyframe for this, right click on the
Metallic box and select Insert Keyframe from the pop-up menu. Do this for two keyframes and
then anjmate.

@~ Material.001

@~ Material.00% giEx -

> Preview

v Surface

> Preview

v Surtace Surface @ Principled BSDF

Surface @ P.incipled BSOF Default Value

Base Color o2 Insert keyframe
Metallic
2y Add Driver

Open Drivers Editor

.
.

Roughness
IOR e

.

Alpha s+ Add to Keying Set

Normal @ Default
e — Remove from Keying Set

Reset to Default Value
Copy Data Path

Copy Full Data Path

Copy as New Driver

&y Online Manual

= _
Comp Frame 0 Frame 60

mjb — July 15, 2025

Animating Colors 422

Blender can also perform keyframe animation on colors. This works in both of the
ways that you can set color: Viewport Display and Base Color. In either mode, set
the frame counter, and then RMB — Insert Keyframe:

Frame O Frame 60

Copy Data Path Shift ( =
Copy Full Data Path  Shift Cirl Alt C .

Online Manual

Insert Keyframe

Add Driver

Open Drivers Editor

+ Add to Keying Set

Remove from Keying Set

Reset to Default Value

\

s

Oregon State Interpolated Frame 30
University
Computer Graphics
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Animating a Human-ish Form 423
Start with this ...
».. and turn it into
a Blender model:
4
model.blend
modelmoved.blend
A~
OregonState
University
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Animating a Human-ish Form 424

But, it's more than just a collection of parts!
Be sure that the origins of the different parts are where you want the part to pivot around.

Then establish the proper parent-child relationships.

[& Scene Collection
v E Collection 1
v 'V Abdomen
- Sphere.002 “,
v V chest
= %/ Sphere.001 ‘y
> V He:
v v LeftUpperArm
> Cylinder011 &
» V LeftLowerArm
WV Rightupperarm
» 7 cylinderonz  ®
- v RightLowerArm
V LeftUpperLeg
» 7 cylinder01z &
g v LeftLowerLeg
v RightUpperLeg
» '/ Cylinder.005
- v RightLowerlLeg
« Camera

2 Lamp
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Animating a Human-ish Form 425

Now tell Blender to do all rotations around each part’s origin.
Set the Transform Pivot Point by clicking here (near the top center of the Blender

window):
Selecting this ...
; ; : , causes object
e Logic Motion Tracking Scrif] rotation to happen
about the
previously-set
Te | Bounding Box Center origin

¥o{ 3D Cursor
@ Individual Origins

¢ Median Point

@’ Active Element

Transform Pivot Point

University
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Animating a Human-ish Form 426

Now try rotating the

individual parts. Be sure you are rotating in

local coordinates, e.g.,
r-y—y

©
OregonState
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Rigging for Animation 421

There is a time-honored tradition in stop-
motion animation to use an internal
support, called an armature, to help
position the object at each frame.

Digital animation has adopted the same
technique, and has even retained the same
terminology, armature.

The process of creating this digital
armature is referred to as Rigging.

Laika
University
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Rigging for Animation 428

Let’s say we have a cheesy noodle character named Mac.

We would like to rig him to bend. Ll Layout

The first step is to create Mac’s geometry. In this case,

one cylinder was Boolean-subtracted from another and
then was Edit — Subdivide’d a couple of time

The second step is to go to the Add tab on the Object
Tools and click on Armature. This brings up the syb-
menu here.

\g-, .‘,i;’
OregonState
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PAGEN oviect

V Mesh
> Curve

& surface

& Metaball

a T*ext

# Yolume

£ Grease Pencil

A Armature
a2 Lattice

J= Empty
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Rigging for Animation 429

Grab the armature just like you would any other object and position it next to Mac.
(I scaled it up a couple of times to make it more visible.)

This is what the pieces of a Blender
armature look like. The three sections of
one of these bones are the root, the body,
and the tip.

Computer Graphics ’
mib — July 15, 2025

Rigging for Animation 430

We could put lots of bones in place to animate Mac, but, for simplicity
we will just use two.

Tab into Edit Mode, select the Armature, then select Extrude. Lift
up on the, plus sign. This will add a second armature on top of the

Object Mode.

~ University
Computer Graphics
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Rigging for Animation

In the Outliner, you can see the bones you have created.

B Scene Collection

v B Collection
EE v * Armature
v |74 Armature
“+ Bone
“+ Bone.001
. Pose
‘..’.’. Camera
¥V cylinder
© Light

Also, in the Properties buttons, you will see that there are now
Armature and Bone buttons.

A
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Rigging for Animation

When you click the Armature Properties button, a bunch of new information comes up.

The most important for right now is in the Viewport Display tab:

Yo~ Armature

¥ Skeleton

Pose Position Rest Position
2 Layers:

-

Protected Layers:

T Try these. They
change the appearance
of the Bones.

. » Bone Groups

O
> Pose Library

’» Motion Paths.
T Viewport Display
Display As  Octahedral

Show @ Names

# Group Colors

In Front

Click on Names. It puts the
name of the Bone next to it so
& Shapes you know which one is which.

432

one.001
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Rigging for Animation 433

It's always good to name your Bones. In the Outliner, double-left-click on Bone.001 and

rename it Top. Double-left-click on Bone and rename it Bottom. Your display now looks
like this:

op

v lE\ Collection
2 v [ Armature

v A | Armature

I
| ¢
8

v Bottom

N Top

Pose

A — g
S
8
=

2 Camera
V cylinder
@ Light

&
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Rigging for Animation 434

We next need to make the armature a Parent and the object (i.e., Mac) its Child.
Select Mac and then shift-select the armature. (The order is important!)

To create the Parent-Child relationship, hit Control-P. In the pop-up menu, select
Armature Deform With Automatic Weights

To verify that this worked, the Outliner will show
that Mac is now part of the Armature.

Set Parent To

Object =

v =
Object (Keep Transform) D oo
Object (Without Inverse)

Pos

Armature Deform

v Armature
With Empty Groups 4
v Bottom
ith Envelore Weights op
 Autolatic Weigh V cylinder
Bone Cylinder
Bone Relative Modifier
i Camera
%{7 Light
OregonState
University

Computer Graphics
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Rigging for Animation 435

Almost there — the last step is to assign which vertices on Mac will be deformed by the
Bottom Bone and which will be deformed by the Top Bone. These groups do not need to
be mutually exclusive — they can (and should) have vertices in common.

Earlier in these notes we talked about selecting multiple vertices and Vertex Groups.

We are going to do that again. We are going to put some of Mac’s vertices into a Vertex
Group called Bottom, and some into a Vertex Group called Top. These must match the
names of the respective Bones exactly,

1. Select Mac
2. Inthe properties area, select the Object Data Properties
3. Tab into Edit Mode
4. Select View - Perspective/Orthographic to ptas
yourself in orthographic display mode
5. Turn on the X-ray button at the top
6. Hit ‘a’ to unselect everything
(i
il
OregloS}ale
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Rigging for Animation 436

7. Use the Border Select to select the top 2/3 of Mac’s vertices
8. Create a Vertex Group with them called Top by clicking on Top and then clicking on Assign
9. Hit ‘a’ to unselect everything

W Cylinder 87 Cylinder

SF~ Cylinder

¥ Vertex Grour s

Pamove Select Desglect

& st 1 End 250
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Rigging for Animation 437

10. Use the Border Select to select the bottom 2/3 of Mac’s vertices

11. Create a Vertex Group with them called Top by clicking on Bottom and then clicking on Assign
12. Hit ‘a’ to unselect everything

13. Turn off X-ray mode and go back to Perspective

14. Tab back to Object Mode

W, Cylinder % Cylinder

5 P~ Cylinder

v Vertex Grovps

85w

s op

ASSiG. Remove Select Deselec
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Rigging for Animation 438

Select the Armature and go to Pose Mode.

Select the different Bones and try grabbing, rotating, and scaling them. Obviously, a
serious Mac animation will requjre more than two Bones! Bone transformation can be
keyframed just like transformafion parameters of any other object.

A File Edit Rende

r=--

2 :"_; il

'MW, Object Mode v

W, Object Mode
"% Edit Mode

*{ Pose Mode
On -
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Rigging in the Pixar Movie Monsters, Inc.

439

OregonState

This is from the travelling exhibit The Science Behind Pixar. If you ever
University see that it is coming to a science museum near you, be sure to go see it!

Computer Graphics
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The Rigify Blender Add-on

If you are interested in rigging a human or an animal, there is a great Blender
Add-on called Rigify that will setup the rigs for you. To enable Rigify:

1. Go to Edit — Preferences
2. Click on Add-ons
3. Scroll down u{il you see Rigify, then click its checkbox

A * (Unsaved) - Blender 4.4.3

Capture (BVH) format

A File Edit = Render Window Help

Undo

Undo History

Adjust Last Operation...
Repeat Last

Repeat History... Navigaton

+ |4enu Search... 3 Keymap
Rename Active Item... (Tt
—~

+
Save & Lood
ve} Bitch Rename.. Ct

a

File Paths

(<]

E‘] Lock Object Modes

(<]

1.1 format

Preferences...
o P
o B

&
University
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The Rigify Blender Add-on 441

To bring in a rig, LMB — Add — Armature — Rigify Meta-Rigs — , , ,

Layout

<
OregonState
University
Computer Graphics
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Rendering an Animation 442

REndery Window Help

E? Render Imace
(® Render A, nation
Render Audio...

View Rerider

View Arimation

] Lock Irterface

Render’ Window Help Layo

H EJ Render Image
@& Render Animation  CirlF12
J i ! L

Render Audio...

View Render

View Animation

Lock Interface

o ) This brings up a separate window and plays back
This kicks off the rendering of all your animation.

your animation frames in order

im0 538w ]

Hint: if this is just a test render, and you have
lots of time-consuming visual effects going on,
you might cut down the resolution and/or the
number of rendered frames to speed things up.

©
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First, go to Output Properties

~ Output

Before saving the animation rendering, you Eatmpicscmineg
need to specify the file name to put the Saving W File Extensions

animation into. In my case, this was: Cache Result

File Format n FFmpeg Video

C:\tmp\boids SR

and the type of file format that it is to have

Then select Render Animation. In my case, this rendered 300
frames of a boids animation and placed the result in a file called:

ﬂ‘?" C:\tmp\boids.0001-0300.mkv
ElE,
Oi}eéﬁ;‘e that was 1.3 MB in size.

Computer Graphics
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Rendering an Animation to a File 443

Importing an Animation into YouTube 444

YouTube accepts videos in MPEG formats

Youll® = Q o - |

WhattoWatch  Music

s

OregonState
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Importing an Animation into PowerPoint 445

@ Autosave H 9« T ) 5  blendeddpptx + Savedto: Drive v P search
w  Design Transitions Animations  Slide Show Review View Help Acrobat
B e 2d d e oo

ameo  Shapes lcons 3D SmanAm Chet  Power
. < Models ~ Bl

Sides ables ages N | Gamera ustrations PowerBl  Forms links

Insert — Video

Video &

-

\g-, .‘,i;’
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Animation Tricks 446

1. In this example, we added the first keyframe, then the last
keyframe, then three keyframes in the middle. Sometimes
it is easiest to work that way. Other times it is easier to add
them in sequential order.

2. Sometimes it is easier if you initially add a bunch of
duplications of the object in various positions to get a feel
for the motion, edit those positions as you see fit, and thep
use them as keyframe positions.

3. Extending from each keyframe dot is a line. That line can
be twisted to change the slope of the curve at that
keyframe. Select the dots at the end of that line and move
them.

4. The Camera position and the Lamps can be animated too.
For each, define an Empty object, force the Camera or
Lamp to follow it (it's one of the Constraints), then animate
the Empty. Be sure to give the Empty a descriptive name —
all Empties look alike.

Oregon State
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John Lasseter’s Principles of Animation a47

1. Squash and Stretch -- Defining the rigidity and mass of an object by distorting its
shape during an action.

2. Timing -- Spacing actions to define the weight and size of objects and the
personality of characters.

3. Anticipation -- The preparation for an action.
4. Staging -- Presenting an idea so that it is unmistakably clear.

5. Follow Through and Overlapping Action — The termination of an action and
establishing its relationship to the next action.

6. Straight Ahead Action and Pose-To-Pose Action -- The two contrasting
approaches to the creation of movement.

7. Slow In and Out -- The spacing of the inbetween frames to achieve subtlety of
timing and movement.

8. Arcs -- The visual path of action for natural movement.

9. Exaggeration -- Accentuating the essence of an idea via the design and the action.
10. Secondary Action -- The action of an object resulting from another action,

11. Appeal .-- Creating a design or an action that the audience enjoys watching.

John Lasseter, “Principles of Traditional Animation Applied to 3D Computer Animation
Ore) Computer Graphics”, Computer Graphics, Volume 21, Number 4, July 1987.

Ulerversmey

Computer Graphics
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14. 3D Printing

Oregon State
University
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In the Beginning, Manufacturing was “Subtractive”

1. The whirling drill pit follows a 3D path
2. Chips of metal (0r wood or wax) fly
3. Ablock of metal becomes a part
(e
OregnSlale
University
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450

3D Printing is Additive

“3D Printing” is defined by some sort of “additive” process.
The current trend in desktop 3D Printing consists mostly of
systems that deposit layers of molten plastic:

©
OregonState

University
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Examples of 3D Printing 451

OregonState
University
Computer Graphics
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Portland’s Laika uses Color 3D Printing for 452

Stop-motion Movies

Kubo and the Two Strings

mjb — July 15, 2025

226



The 3D Printing Geometry File 453
3D Printers are fed a file called an “STL File”, which lists all the
triangles in the object. Blender (as well as all CAD systems) can
produce this type of file for you.
solid
facet normal 0.00 0.00 -1.00 In this particular file, these
outer loop coordinates were in units of
vertex -2.000000 -2.000000 0.250000 inches
vertex -1.980000 -1.980000 0.250000 \ ,—1 ’
vertex -1.980000 -2.000000 0.250000 ) .
endloop Some 3D Printers still use
endfacet inches, but most now use
millimeters.
facet normal 0.00 0.00 -1.00
outer loop Check! It matters!
vertex -2.000000 -2.000000 0.250000
vertex -2.000000 -1.980000 0.250000 . ;
Note: th 254 /inch
vertex -1.980000 -1.980000 0.250000 ote. there are £o.& mm/ine
endloop
endfacet
Ore
Coml;u endsolid
mjb — July 15, 2025
454

Advice on 3D Printing

Don’t make the part too big — it will take a
long time to 3D print. It's nice if you can fit

several models in a single run.

Try to rotate the part so the smallest
dimension is vertical. It's stronger that way,
and it builds faster.

Better

The 3D Printer will like it better if the part
gets smaller as it goes up, not the other way
around.

) . . . /
Don’t design the part with long, thin edges.

They will likely snap right off.

Don’t make walls too thin — they might break.

Cornpunas Urapiins
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Object Rules for 3D Printing 459

Rule #1: The object must be a mesh and consist only of triangles.

1. Select the mesh object
2. Modifiers—Add Modifier—Generate—Triangulate —Apply

Orego State
University
Computer Graphics

RMB—Convert To—Mesh to turn a Meta object or 3D Text into a mesh first

mjb - July 15, 2025

Object Rules for 3D Printing 456

Rule #2: The object must be a legal solid. It must have a definite
inside and a definite outside. It can’t have any missing face pieces.

Orego State
University
Computer Graphics
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The Simplified Euler's Formula* for Legal Solids 457
*sometimes called the Euler-Poincaré formula
2 3
‘ ’ F-E+V=2
F Faces
()} 1 E Edges
\") Vertices

Foracube, 6 -12+8 =2

o)
Oregon State
University
Computer Graphics
mib — July 15, 2025

Watch Out for Overhangs! 468

<«—— This layer will fall to the plate

=) ™\ These layers will build fine

Note that if you build it upside-
down, it will probably work fine

Oregon State
University
Computer Graphics ’
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Watch Out for Overhangs! 459

Some 3D printers handle this by
leaving unused material in place to
support the overhangs

~—
Some 3D printers handle this by using
software to add “support structures” to
the overhangs
P
—
]_
~—/
@"@ Some 3D printers handle this
A5 better than others... ©
Oreg.nnsgale i ~
Univecsity http://twistedsifter.com/2013/08/when-3d-printing-goes-wrong/

Computer Graphics
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Object Rules for 3D Printing 460

Rule #3: You can’t make a new object by simply overlapping two
objects in 3D. If you want both shapes together, do a Boolean
union on them so that they become one complete object.

h =T Overlapped in 3D Boolean union
OregonState
University
Computer Graphics b — iy 15, 2025
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What Happens if You Do Overlap Objects? 461
Here’s what one of the 3D Printers in the OSU Library did:
Overlapped in 3D Boolean union
OregonState
c Univesdy, Not bad — it could have been lots worse ...
omputer Graphics mib - July 15, 2025
Object Rules for 3D Printing 462

Rule #4: Each edge in the mesh must bound 2 and only 2 triangles
(this is known as the Vertex-to-Vertex Rule). If this is not true, then
your model has cracks in it.

Orego State
University
Computer Graphics
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Installing the Blender 3D Printing Extension 463

=E'.|i|:' Render Window Help

1. Select Edit — Preferences

O Operator Search...

Rename Active Item...

Batch Rename

Lock Object Modes

Computer Graphics mib - July 15, 2025

Installing the Blender 3D Printing Extension 464

2. Click on Get Extensions 3. Type 3d print into the search box

A Preferences

Interface O 5dprind X | Add-ons  ~@> Repositories v

Viewport v Available
Lights "

> 3
Editing

Animation

Add-ons

Themes.

Input
Navigation
Keymap
System
Save & Load

File Paths

T 4. You should see 3D Print Toolbox show up here
e 5. Click on Install

Computer Graphics mib — July 15, 2025
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Using the Blender 3D Printing Toolbox Extension 465

¥ Analyze

Item

ik Hit the ‘n’ key to see the sidebar menu.
Statistics The 3D Print Toolbox will be a tab like this.

Volume
Checks
Solid
Intersections
Degenerate 0.00010
Distorted 45°
Thickness 0.001 m
Edge Sharp 160°
Overhang 45°

3D-Print View Tool

Check All

» Clean Up

» Transform

mjb - July 15, 2025

Using the Blender 3D Printing Toolbox Extension 466

¥ Analyze

Statistics Result

Volume

Selecting your object and then Nen Manifold Edge: 42
clicking on Check All will give
you this maice list of problems

Checks
Solid
Intersections
Degenerate 0.00010
Distorted 45°

Thickness 0.001m yOu try to 3D Print this obje

Bad Contig. Edges: 0

3DPrint View Tool Item

Intersect Face: 58

Zero Faces: 0

e T Zero Edges: 0
Overhana as° ‘ Non-Flat Faces: 20
Check All
Thin Faces: 17

Result

Sharp Edge: 0
Overhang Face: 58

Mon Manifold Edge: 42
Bad Contig. Edges: 0
Intersect Face: 58

Selecting Clean Up — Make Manifold
Non Flat Faces: 20 can try to fix some of the problems

Thin Faces: 17
Sharp Edge: 0
Overhang Face: 58

 Clean Up

>
CleanUp Make Manifold

> Transform

» Export

Computer Graphics mib — July 15, 2025
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467

The Blender 3D Printing Toolbox Add-on

Tab over to Edit Mode.

Click in an empty area to unselect everything.
Then click in all the places that show problems.
Blender will light.up the object in the places that
provoked that problem, giving you a chance to fix

Solid
Intersections
Degenerate 0.00010
Distorted 45°
Thickness 0.001 m
Edge Sharp. 160°
Cverhang 45°
Check All

Result

() Non Manifold Edge: 42
Bad Cantig. Edaes: 0

Intersect Face: 58

&@ 4 \ Non-Flat Faces: 20
&, ‘<l

AN
T Thin Faces: 17
v |
OregonState | \ Shary. Edge: U
University [ u Overhang Face: 58

Computer Graphics

Output for 3D Printing 468

9 * (Unsaved) - Blender 4.1

To export an STL file for 3D Printing:

Xy File Edit Render Window Help Layout Modeling  Sculpting UV
Y New Mr t Add  Object 12 Glot|
Qpen. 1. Use the Triangulate modifier to be
O Secath e sure all polygons in your object are
5 triangles

2. Select the object you want to export
3. File — Export — Stl (.stl)
4. Navigate to where you want to save

the file
g X R 5. Give it a filename that ends in .stl
e 6. Click Export STL
Export Collada (.dae)
E::’rzlpﬂala on (.usd*)
= Aty .stl is the most common 3D printing file
® ‘_JUL format

“STL” stands for Stereolithography

The word “stereolithography” comes from
) the Greek words for “3D” and “writing”.

e 3D (:x3d)

Computer Graphics mib — July 15, 2025
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Want to see 3D Printing in Action? 469

Oregon State University’s library has 3D Printers for use by OSU students.
To see them via webcam, go to: http://webcam.oregonstate.edu/3dprinter

Click here to see the live, streaming view.

a0 & &

Oregon State
University
Computer Graphics

470

Oregon State
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Stereoscopy is not new — it’s been in common use *"
Life Magazine
; But, with virtual reality and 3D movies being so popular, stereoscopy
%@ has made a big comeback. And, you can get at it through Blender!
STE

O'l}em For more information on stereoscopy, see: https://en.wikipedia.org/wiki/Stereoscopy
Computer Graphics mib - July 15, 2025
472

And even longer than that in stills

Newport Maritime Museum Portland Art Museum's Ansel Adams Exhibit

Oregon State
University
Computer Graphics ’
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We Humans have Binocular Vision 473

In everyday living, part of our perception of depth comes from the
slight horizontal difference in how our two eyes see the world around
us. This is known as binocular vision. \We care about this because
computer graphics can simulate that slight viewing difference and thus
create the binocular viewing of a computer-generated scene.

OSU's 16th President Dr. Jayathi Murthy

OregonState
University
Computer Graphics mib - July 15, 2025

474
Step #1a — Be Sure You are Using the Eevee Renderer, not Cycles

Open the Render Properties menu

S

Render Engine EEVEE

v Sampling

s~ Viewport

Samples 16
o Temporal Reprojection

Jittered Shadows

Samples

A&

©
OregonState

University
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Step #1b — Turn the Stereographics On 4rs
Open the Output Properties menu
&5 Scene 2
« Format H
Resolution X 1950 8% Enable the Stereoscopy
if dOH0T: checkbox and open the menu

% 100%

Aspect X 1.000
Y 1.000

Render Region

Frame Rate 24 Select Stereo 3D.
~ Frame Range

Frame Start
End
Step

> Time Stretching

Be sure these are
both checked

~ ¥ Stereoscopy
Stereo 5D Multi-View

B left
@ right
>

File Suffix

mjb - July 15, 2025

476

Step #1c — Turn the Stereographics On

While still in the Output Properties menu ...

Click on Stereo 3D. Stereo Mode

Top-Bottom
Side-by-Side

Cache Result

File Format [§°] PNG

Interlace
Color BW

> Anaglypt
Color Depth 8 =naglypn

Anaglyph

Compression |

Image Sequence [ Overwrite

Placeholders Pick one of these here

¥ Vi

- Red-Cyan is good here if

Views Format | Individual you plcked Anag|yph
iz before. On the screen, the

Stereo Mode | Anaglyph display will always be a

i) Anaglyph Type = Red-Cyan Red-Cyan anaglyph. This
%@ menu controls how it will be
Dregon State drawn when you write a file
University after a Render.

Computer Graphics mib — July 15, 2025
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Step #2 — Set the Stereo Cameras ar

=
W, Camera 2

@ v Camera

¥ Lens

Select your Camera (in the scene
or in the Outliner) and then open
the Camera Data menu

Type Perspective

Focal Length 50 mr, Any of these will work

Lens Unit  Millimeters well. I'm kind of partial to

Shift X
Y

Clip Start
End
> & Depth of Field
, \+ Camera

¥ Stereoscopy

Mode

Convergence Plane D...

interocular Distance

AN

Off-Axis or Tow-In.

These are interesting to
experiment with. They control
how deep the stereo focuses
and how easy the stereo
images are to converge.

7/15/2025

&
Pivot
\g-, .‘,i;’
OregonState
University
Computer Graphics
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Step #3 — Tell the Renderer to Produce both a 478
Left and Right View

Open the Object Properties menu
(hit ‘n’ on the keyboard) and click
on the View tab

Clip Start
End

Local Camera W, Ce

Render Region

¥ View Lock

o

L ock ta Obiect  ®

ollections E This tells the Renderer to produce both
. a left and right view, and to make a
> Annotations = red-cyan stereopair from them

v Stereoscopy

@B Left @
Display

Cameras

@ Plane [Aipha

Volume Alpha

mjb - July 15, 2025
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479

Step #4 — Render — Render Image

Computer Graphics mib - July 15, 2025

480

Red-Cyan Glasses

No, they are not red-blue glasses!
iy No, they are not red-green glasses!
They are red-cyan glasses!

r
The universal convention is:
' * Red goes over the left eye
+ Cyan goes over the right eye

If you want to own your own red-cyan glasses (and who doesn’t?)
my go-to is:
https://the3dmarket.com/collections/anaglyphic/products/red-cyan

You can also find them on Amazon. Search for anaglyph glasses

OregonState
University
Computer Graphics
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Step #5 — (if you want): From the Render window, 481
write out a Stereographics Image File

New

Open...

Open Cached Render

Edit Externally

(5 save

Save As...

Save a Copy...

Invert

University
Computer Graphics

This assumes you have
already done the other steps

mjb — July 15, 2025

How Deep your Scene Appears to be into and out of the *¥
Computer Screen -- Setting the Convergence Plane

End

/ » [ Depth of Field
> Lamera

¥ Stereoscopy

Mode

Convergence Plane D...

Interocular Distance

Pivot

‘r"
OregonState
University
Computer Graphics

Off-Axis

Select your Camera (in the scene or in
the Outliner) and then open the
Camera Data menu

The Convergence Plane Distance
controls how much the scene appears to
exist behind or in front of the display
screen. Use a small distance to make the
scene look like it is living in the monitor.

Use a larger distance to make the scene
look like it is living in the air in front of the
monitor. (Don’t go too crazy with this — it
will look less cool than you are expecting.)

mjb — July 15, 2025
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How Deep does the Scene Appear to be into and out of **

the Computer Screen? Setting the Convergence Plane

The Convergence Plane is in front of the object —
the object will appear to be inside the monitor

The Convergence Plane is behind the
object — the object will appear to be in the
air in front of the monitor

\g-, .‘,i;’
OregonState
University
Computer Graphics

| like placing the Convergence Plane
about 1/3 of the way through the object

mjb - July 15, 2025

484

There are many ways to display the correct view into
the correct eye

Computer Graphics mib — July 15, 2025
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Blender References | Like

http://cs.oregonstate.edu/~mjb/blender

http://blender.org

http://blenderkit.com

http://www.blender.org/education-help/

http://www.blenderguru.com/

John Blain, The Complete Guide to Blender Graphics: Compute
Modeling and Animation, Eighth Edition, Volumes 1 and 2, CRC
Press, 2023.

Sam Brubaker, Realizing 3D Animation in Blender, Packt, 2024.

Jaime Kelley, 3D Character Rigging in Blender, Packt, 2024.
3D Character
Rigging in Blender

Ruan Lotter, Taking Blender to the Next Level, Packt, 2022.

[}
Taking Blender
t e N evel
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Getting Free 3D Models and Texture Images 487

http://polyhaven.com

https://free3d.com

http://www.turbosquid.com/Search/3D-Models/free/obj

https://sketchfab.com/features/free-3d-models

\g-, .‘,i;’
OregonState
University
Computer Graphics
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And Finally... 488

There is no badge for completing the Blender Camp, but if there was, it
would probably look like this:*

\g-, .‘,i;’
OregonState
University
Computer Graphics

*Thanks to Microsoft CoPilot for generating this image and thanks to my good friend Andrew Glassner for suggesting the prompts to do it.
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Camp Blender

http://cs.oregonstate.edu/~mjb/blender

Oregon State
Attribution-NonCommercial-NoDerivatives 4.0 UanCrSlty
International License Mike Bailey

Oregon State
University
Computer Graphics

mjb@cs.oregonstate.edu

blenderd.4.pptx
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