Blender for Computer Scientists:

Basics,
Scripting,
Rendering Figures



More resources

. Silvia’s blog entries:

- https://lwww.silviasellan.com/posts/blender_figure/

. BlenderToolbox
- https://github.com/HTDerekLiu/BlenderToolbox

. BlenderGuru

- https://lwww.youtube.com/@blenderguru

- https://www.blenderguru.com/articles/cycles-shader-encyclopedia



General Blender disclaimers

. Be careful with tutorials made before 2.80 (July 2019)
. I'm currently using Blender 4.2.3 (LTS)

. Blender 5.0 will release in November 2025

. It's better to have a Numpad, but not mandatory



Before we begin...
Some preferences to edit



Blender Preferences

Interface Blender

Viewport Name Key-Binding O

Lights ¥ Preferences

Editing Select with Mouse Button Left Dinh

Animation Spacebar Action Play Search Key I l p I I I e n u

Activate Gizmo Event Press wiay

Get Extensions 3 .
Tool Keys Immediate Active Tool

AddEoRS Alt Click Tool Prompt Alt Tool Access
Themes Select All Toggles

Region Toggle Pie

Input
3D View

Navigation
9 Grave Accent / Tilde Action Navigate Gizmos

Keymap Middle Mouse Action Orbit Pan No more need to remember
Sy Alt Middle Mouse Drag Action Relative Absolute Where eve ryth | ng IS'

Save & Load Tab for Pie Menu

Pie Menu on Drag
File Paths . .
Extra Shading Pie Menu Items

Experimental + Transform Navigation with Alt

File Browser

Open Folders on Single Click

> Window Restore




Blender Preferences

ntentace v Cycles Render Devices

Viewport None CUDA
Lights ~ NVIDIA GeForce RTX 4060 Laptop GPU

Editing 13th Gen Intel Core i7-13620H

System menu

v Operating System Settings

Get Extensions .
System Installation

Add-ons File association is handled by the package manager

Themes v Network

Input « Allow Online Access
Navigation Time Out 10

Keymap Connection Limit 5

Wait less for renders! Use
St v Memory & Limits your GPU

Save & Load Undo Steps

File Paths Undo Memory Limit

+ Global Undo

Experimental
Console Scrollback Li... 256

Texture Time Out 120

Garbage Collection Rate (e10)




Interface
Viewport
Lights
Editing

Animation

Get Extensions

Add-ons

Themes

Input
Navigation

Keymap

System
Save & Load

File Paths

Experimental

Blender Preferences

v Display

Resolution Scale

Line Width

Tooltip:

v Editors

Color Picker Type
Header Position

Factor Display Type

> Temporary Editors

> Status Bar
v Language

Language

Default

2 Cnlach C©
~ Developer Extras

+ User Tooltips
+ Python Tooltips

+ Sort by Most Recent

+ Region Overlap

+ Navigation Controls
Circle (HSV)
Keep Existing

Factor

English (English)

Interface menu

More information!

Learn how to perform
actions with code instead of

Ul!




Basics



The 3D Viewport
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Transforms in Object mode

. G for position

. R for rotation

. S for scale

. Hit x, y, z keys to then lock transforms to an
axis

. Or type numbers to enter exact coordinate (tab
to change dimensions)



Transforms in Object mode

. , to modify orientation of transform (local /
global, etc)

. . to modify origin of transform (individual origin,
cursor, median)



Setting up the camera

. Move it around, like an object

. Or: align your view however you like, then use
“align camera to view”



Modifications in Edit mode

. C to select faces like a brush

. H to hide selected faces, Alt + H to unhide
- The hidden faces will stay hidden in renders!

. E to extrude, | to inset



Warning! Point clouds cannot be
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Geometry Nodes

. Given some object, perform a series of
operations on it to modify it non-destructively
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How to make images look good?




How to make images look good?




How to make something once and
then never worry about it again?



Appending other .blend files
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Node to python extension

Blender Preferences

; e (Code for point cloud

Viewport v Installed

import bpy, mathutls

Lights

3 _ndles.coll tag
‘geometry_nodes.description

Editing

geometry_nodes.s_modifer =True:
S > Node To Python

Animation ugeomeuy’nodes interface
#Socket Geor
Geomety. Socket - goometry nodes inteface new._ socketiname = "Geomelry, n_oui=OUTPUT sockeltype = NodeSockelGeomety)
geomelry_socketatibuts. domain = POINT

: #Socket Geometry
Get Extensions geamaly Social 1=ty rades lrtc. e okl = Gosml. i GuNPUT, o 0 = NadeSckaGeort)

‘geomelry_socket_1.attribute_domain

Add-ons etk Htatasgeomety noesrodes

#inode Group Input
p_input = geomelry_nodes.nodes.new("NodeGroupinput’)
="Group Input"

Themes

#inode Group Output
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group_output.name = "Group Output”
Group_output & acive. output = Tris
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Input e vty e s e o)
ico_sphere.name

#Radus
At ioo_sph Lvalue =
Navigation Feisons
oo sphere nputs{ . cefaut_vaus = 4
#node nstance on Poinis
Keymap

instance_on_points = geomelry_nodes.nodes.new("GeometryNodelnstanceOnPoints’)

instance_on_points.name = "Instance on Poins’

#Selection

instance_on_points.inputs{1]default_value = True

#Pick Instance

System instance_on_points.inputs[3].default_value = False
#instance Index

instance_on_points inputs[4] default_value = 0

#Rotation

Save & Load inslance. on_poins nputs{5] defau_value = (0.0, 00, 0.0
#Scale

instance_on_points.inputs[6] default_value = (1.0, 1.0,1.0)

File Paths

#Set locations.

Experimental roup o ocaron

ico, (-34
instance_on_points. oiaton (9. Gooraraisniss 4.5728759765625)

#Set dimensions.
group_input widih, group_input height . 100.0
group_outputwicth, group._output height = 140.0, 100.0
ico_sphere.width, ico_sphere.height = 140.0, 100.0
instance_on_points.width, instance_on_points.height = 140.0, 100.0

#initialize geometry_nodes links.
#instance_on_points.Instances -> group_output. Geometr
‘geomelry_nodes.links.new(instance_on_points.outputs[0], group_outputinputs[0])
up_input.Geomelry -> instance_on_points.Points.
geomely_nodesinks.new(gtoup_Inpuouput[O) instance_on_pains inpuls[o)
Hico_sphereMesh -> instance_on_points.Inst
‘geomelry_nodes.links.new(ico_sphere. ompmsm] instance_on_points.inputs[2])
return geometry_nodes

‘geometry_nodes = geometry_nodes_node_group()



Scripting in Blender



Scripting in Blender

. Blender comes with its own installation of

Python

. NOTE:

- Blender 4.0 - uses python 3.10

- Blender 4.1 + uses python 3.11
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The bpy module

. Provides access to data inside Blender

. If you want to do math in Blender, you need to
import mathutils (Vectors, Quaternions, etc)



Accessing things

. bpy.data: Get a reference to something by name or by
iIndex

- ex: bpy.data.objects[ Cube’] — gets the default cube (if it still
exists!)

. bpy.context: Get a reference to whatever is currently
relevant
- eX: bpy.context.object — gets the active object

- You'll likely mainly use this for collection, scene, view _layer



Accessing things

. Oobject.data contains most of the things we care about:
- .polygons : list of faces

- .vertices : list of vertices
. .CcOo : location of the vertex, in local space

- .materials : materials assigned to object

. Object.matrix_world : to bring object to world space



Performing actions with bpy.ops

NOTE: anything you do will affect the selected / active object

Anything starting with bpy.ops will not return useful information

# x will contain STATUS code returned by the operator
X = bpy.ops.mesh.primitive_plane_add(size=100)

# the plane will actually be the current active object
plane = bpy.context.object




Performing actions with bpy.ops

NOTE: anything you do will affect the selected / active object

Anything starting with bpy.ops will not return useful information

# object must be SELECTED for operator to affect them. All
selected objects will be affected!

cube = bpy.data.objects[‘Cube’]
bpy.ops.object.select_all(action="'DESELECT')
cube.select_set(True)

bpy.ops.object.origin_set(type="0RIGIN_CURSOR")




Performing actions with bpy.data

. bpy.data will actually return useful things

# red will hold the new material

red = bpy.data.materials.new("Red")
red.use_nodes = True

red.node_tree.nodes['Principled BSDF'].inputs['Base
Color'].default_value = (1, 0, 0, 1)

bpy.data.objects[‘Cube’].data.materials.append(red)




The Python Editor
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The Command Line

. blender --background --python /path/to/script.py

. No limits on what you can do, BUT there are a couple

of tricks to know first



Import local module

. Assume you have code in file secondary.py
. You will run blender -b -P main.py

. Add to main.py:

import bpy, 0S, Sys

blend_dir = os.path.dirname(bpy.data.filepath)
if blend_dir not in sys.path:
sys.path.append(blend_dir)



Use numpy/scipy/etc in Blender

. Navigate to wherever Blender is stored

- Windows: "C:\Program Files\Blender
Foundation\Blender [Version]\[Version]\python\bin"

- Write in terminal:

/python -m pip install numpy scipy whatever



Pass arguments to your script

. Assume you care about the width of your image

. Write in main.py :

parser = argparse.ArgumentParser(description="'My
main."')

parser.add_argument('--width', type=int,
default=1080, help="width"')

argv sys.argv[sys.argv.index("--") + 1:]

args = parser.parse_args(argv)

. Then call script using: blender -b -P main.py -- --width 700



Rendering Figures
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Quality

Speed

3 rendering options
. Workbench:

- Output exactly what you see in Blender’s
default view

. EEVEE:

- Rasterization engine

. Cycles:

- Ray-tracing engine



Shadow catchers (Cycles only)

. Whatever you use as a floor should not be
showing up in your render. BUT, it would be
nice to still have the floor shadows

bpy.data.objects["floor"].is_shadow_catcher =




| always dump this in my file:

Activate cycles, make film Set up some basic
transparent, etc. post-processing to reduce
noisiness

#out = ntree.nodes.new("CompositorNodeComposite")
# ('BLENDER_EEVEE', 'BLENDER_WORKBENCH',

# ('RGB', 'RGBA', ...) 850, 40
# (|8|I llél)
# ('PNG', 'OPEN_EXR',

"CYCLES")

'JPEG, ...)
50
1080
1080
render.use_persistent_data = True

350 100

0.1

oo
oo
oo
R o

32
scene.cycles.samples = 100

scene.cycles.device = 'GPU'

350, 130



Why Is post-processing important?
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How to place light at right distance
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How to place light at right distance

* (Unsaved) - Blender 4.2.3 LTS - 0@

R File Edit Render Window Help Layout ! Edit Texture P Sha Animation  Renderin : tin com &5~ Scene 1] &y ViewLayer [

e T e BB ° %@ - [T15e00 - i v ® Render (Camera |Con)

) o Options v ollection °n

Render_helpers

e — Color management

> Area.Key

= — View transform
— False color

> Curves

> Simplify

> Motion Blur
> Film

> Performance
> Bake

> Grease Pencil

Yellow means too

~ Color Management

e oo bright, dark green

@+ Playback v Keying v View Marker e P ol Look  Very High Contrast

e — — s means too dark,




How to place light at right distance
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Setting a material for the point cloud
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Thank you!




