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Functional objects design
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Motivation

Function vs form

“Form follows function”
-Louis Sullivan



Motivation

Reusing underlying structure




Motivation

Problems

{ It's functional
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Motivation

Retargeting problem
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Challenges
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Related work

Traditional design workflow
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Computational mechanism design




Related work

Example based modeling
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Related work

[Bacher, et al. 2015]

[Bernstein, et al. 2013]
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Pipeline

Optimization Post processing
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Parsing process
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Mechanical constraints
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Binary constraints
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Functional constraints
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Constraints

Functional constraints

Linear speed constraints
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Spatial constraints
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Constraints

Spatial constraints

User placement constraints



Constraints

Spatial constraints

Containment constraints



Constraints

Mechanical constraints Functional Constraints Spatial constraints



Constraints

Emech > 0 Efunc > 0 Espatia,l > 0

Hard constraints Soft constraints
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Optimization

Formulation

Emech >0 Efunc >0

Hard constraints

Espatz'al Z 0

Soft constraints



Optimization

Formulation
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Optimization

Differential manipulation




Optimization

User interaction
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Cutaways
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Hooray!




Results

Drivetrain
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Results

User study and evaluation

« 3 artists, 6 on-site created target shapes, 12 retargeting tasks
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Results

User study and evaluation

« 3 artists, 6 on-site created target shapes, 12 retargeting tasks

* 4templates, 16 different target shapes in total

* Up to 48 components, 459 variables, 64 hard constraints




Conclusion

* Novel workflow based on retargeting
* Interactivity through differential manipulation

» Fabrication-ready customization



-uture work

* Non-differentiable constraints
* More physics (stability, friction...)
* Involving more geometry editing

* Optimization with discrete components



Models ready to go!

http://visualcomputing.ist.ac.at/publications/2017/MechRet/
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Highb! :
Thank you for your attention!

N Special thanks to Abbas Saleh, Daniel Bosze, and David Ronnes for participating in
3 . S ' our user study and allowing us to use their models created during the user study, and

A . % the authors of the remaining models for sharing them on Thingiverse.

e \.g N This project has received funding from the European Union’s Horizon 2020 research
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Backup slides

» Solidworks export xml

* Parsing xml to connection graph

Al version="1.8" encoding="UTF-§" standalone="no" 7>

<SisMechanicsimpartiML versions"1.0" xminss"urn:mathworks:simmechanics:import™ xmlns:xsis"httn://
S

Wi, 3, 000/2001 HMLSchena-Anstance
<Created by="" on="03/05/15|]16:35:33" using="SinMechanics Link Version 4.4" from="SolidwWorks 22.4.0"/

>

ModelUnits mass="kilogram™ length="millimeter"/>

<Datalinits mass="kilogran" length="meter"/>

<RootAssembly names"trygears” uids"trygears” versions"279">

<AssemblyFile name="trygears.SLDASM" type="Solidworks Assembly"/>

<InstanceTree>

<Instance names"straight bevel gear_iso-1" ulde"straight bevel gear_isc-1" entityUide"straight bevel
gear_isow:«T15 I2 06 D2">

<Transfore>

«Rotatlon==1 @ ~1,34146556290406871e-016 © ©.98706318736056509 0,16833173159921363
1.293160212422063e-816 0.16033173159921363 -0.98706318736056509</Rotations>

<Transiation>9,214320040249864019 -0.023000000000900013 O</Translations

</Transform>

</Instance>

<Instonce nase="axis~-1" uld="axis-1" grounded="true" entityllid="axiss:+R2 L6O">

<Transform>

<Rotation>1 8 € @ 1 @ @ @ 1</Rotation>

<Transiation>0,8@11313676845386943 ~0.0823 &</Translation>

</Transform>

</Instance>

<Instance nase="axis-2" uld="axis-2" grounded="trye" entityllid="axiss:eR2 LEO">

<Transform-

<Rotation>-3.4914813388431334e-015 -1 @ -1 3.491481338843133e-015 7.03B4738289175245e-015
~7.8384738289175245¢-815 @ ~1</Rotation>

<Transilation>@,0060000000000000348 9.01196904942068428 @</ Translation»

</Transforms>

‘</Instance>

<Instance names"axis-4" ulde"axis-4" grounded="true" entityl/lde"axise:eR2 LG6O">

<Transform>

<Rotation>1 8 @ 0 1 @ @ @ 1</Rotation>

<Translation>@,0911313676845386925 0.046839626267807661 0.00015934194119230215«/Translatlon>

</Transform>

</Instance>

<Instance names"wheel-1" uide"wheel-1" entityUide"wheele:eI2 015"s

<Transform>

<Rotation>1 @ © @ 0.808814164233508168 -9,58898818827202082 @ 0,5B8898818827202082 ©.80814164233508168</
Rotation>

<Transiation>-9.025868632315461309 0.046839626267807861 0.08915934194119230326</Translation>

</Transform>

</Instance>

<Instance name="wheel-2" uid="wheel-2" entitylid="wheelsx:+I2 015">

<Transform>

<Rotation>1 9 © 9 1 @ @ @ 1</Rotation>

<Transiation>9,028131367684538687 0.846839626267807861 @.00015934194119230152</Transiation>

</Transform>

</Instance>

<Instance name="wheel-3" uid="wheel-3" entitylid="wheelx:»12 015">
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Results

User study and evaluation

« 3 artists, 6 on-site created target shapes, 12 retargeting tasks




