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Modeling 3D Objects

ÅA difficult problem on its own:

Å3D world on 2D displays

Å3D manipulation using 2D (or 2.5D) devices

ÅComplex: mostly done by experts

ÅIssues relating to the digital representation
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Challenges Specifically for 
Fabrication & Printing (not just Graphics)

Å Need to actually be constructed or printed: 

Å Fitting parts

Å Finding intersections 

Å Defining connectors 

Å Checking printability

Å Need to be physically plausible:

Å Appearance 

Å Materials

Å Weight

Å Forces 

Geometry

Physics 
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Two Approaches

1. Inverse Modeling

2. Interactive modeling:

Specification Optimization Model Fabrication

Model FabricationInteraction
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Examples of Inverse Design

ÅAppearance fabrication

ÅDeformable objects fabrication

ÅBasic idea:

Input
A given shape 

+ 
High level specification

Output
A recipe for fabricating 
the object (shape, 
material, structureΧ)
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More Inverse Modeling Examples

Chopper: Partitioning Models into 3D-Printable Parts
LinjieLuo, IlyaBaran, SzymonRusinkiewicz, WojciechMatusik
ACM Transactions on Graphics, 31(6), (SIGGRAPH Asia), 2012

Make It Stand: Balancing Shapes for 3D Fabrication
RomainPrévost,  Emily Whiting, Sylvain Lefebvre, Olga 
Sorkine-Hornung, ACM Trans. Graph.32, 4, Article 81 
(July 2013)

Build-to-last: strength to weight 3D printed objects. 
Lin Lu, Andrei Sharf, HaisenZhao, Yuan Wei, QingnanFan, 
Xuelin Chen, Yann Savoye, ChangheTu, Daniel Cohen-Or, and 
BaoquanChen. 2014ACM Trans. Graph.33, 4, Article 97 (July 
2014)
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More Inverse Modeling Examples

Specify: shape and size

Specify: balance

Specify: strength to a given weight
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Strati: First 3D Printed Car

ÅMade by Local Motors for the 
International Manufacturing 
Technology Show (IMTS)

Å{ǘǊŀǘƛ Ґ άƭŀȅŜǊǎέ ƛƴ Lǘŀƭƛŀƴ
Å 18 months of design
Å 44 hours of printing
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Usually Print Volume is Limited

ÅTypically 10cm x 10cm x 10cm up to 50cm x 40cm x 30cm

ÅPrinting large objects requires chopping and assembly
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Chopper: Two Challenges

ÅHow to segment? 

ÅHow to connect?
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Chopper: Two Challenges

ÅHow to segment? 
ÅUse planes to define parts

ÅCut top down recursively

ÅHow to connect?
ÅUse male/female connectors:

BSP
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Overview

Pick a bunch of 
potential cuts

Evaluate them and 
find the best ones

Recurseon pieces 
that are still to big

Place connectors on 
cross-sections
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Optimization Objective

ÅConnector feasibility

ÅPart fragility

ÅStructural soundness when assembled

ÅNumber of parts

ÅPrinting volume utilization

ÅSeam aesthetics
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Optimization: Beam Search [Lowerre1976]
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Make It Stand Challenge

ÅDesigning things that can really stand:
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Overview

input model balanced

modelinner carving shape deformation
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Optimization

shape deformation

similarity to

original shape

inner carving

does it stand?
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User Assistance

ÅChanging the shape using handles
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Build-to-Last Challenge

ÅReduce the object weight while providing a durable 3D printout 
sustaining given forces.

Å Inspiration from porous structure 
ïLightweight

ïStrong

ïAbility to absorb energy, vibration 
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Basic Idea

Introducing the honeycomb-cell structure, which is of minimal material cost
while providingstrengthin tension.
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Overview

Result
Input

(model &
forces)

Structural  
Analysis

Voronoi
Tessellation

Pore 
Extraction

Strength-to-Weight 
Optimization
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Optimization

ÅObjective: ÁÒÇÍÉÎ
ȟ

ὡ ȟ ίȢὸȢὛὓὛȟὊ …

ÅTwo loops for optimizing and

ÅOuter loop: optimize for compactness

ÅInner loop: optimize for sustaining stress

CƻǊŎŜǎ{ƘŀǇŜ

Yield point = stress 
at which a 
material begins to 
deform plastically

Weight (volume) Strength (stress map)




