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Design Prototype Evaluation

Bottleneck



Works-like prototypes



Many iterations
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Interactive tool for creating works-like prototypes
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Parts 
Axis-aligned cuboids



Generating parts



Generating parts



Generating parts

Shao et al. 2013



Joints 



1. Hinge



2. Sliding joint



3. Sliding hinge



4. Double pivot
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1. Cover 



1. Cover 

Cover(FA ,FB ,M , J,Θ)
FA  covers FB

M :  a corresponding faces graph
J(Θ) : the set of joints and parameters

Box(FA )l ≤ Box(FB )l    
Box(FA )r ≥ Box(FB )r
Box(FA )b ≤ Box(FB )b    
Box(FA )t ≥ Box(FB )t
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1. Cover 

Box( f1
A )b = Box( f2

A )t
Box( f1

A )b = Box( f3
A )t

Box( f2
A )r = Box( f3

A )l
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2. Fit inside 

Fit(PA , pB , J,Θ)
PA  fit inside pB

J(Θ) : the set of joints and parameters

Box(PA )l ≥ Box(pB )l     Box(PA )r ≤ Box(pB )r
Box(PA )b ≥ Box(pB )b    Box(PA )t ≤ Box(pB )t
Box(PA )n ≥ Box(pB )n    Box(PA ) f ≤ Box(pB ) f



2. Fit inside 



3. Support

fl
A < fr

B     ft
A < fb

B

fr
A > fl

B    fb
A > ft

B

ct
A = cb

B

Support(FA ,FB ,M , J,Θ)
FA ,FB : the set of supporting / supported faces
M :  a corresponding faces graph
J(Θ) : the set of joints and parameters



4. Flush

Flush( f A , f B , J,Θ)
f A , f B : the two faces that are flush
J(Θ) : the set of joints and parameters
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Double pivot joints go wrong
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Double pivot joint constraints

Position constraint!
!

Motion constraint



1. Position constraint

(x2
A − x1

A ) ⋅(xm
A − xB ) = 0



2. Motion constraint



2. Motion constraint

Lone > hA + (hB + b) / 2
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Part and joint optimisation

E(B,L) = Bi − Bi
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Ready-to-fabricate models
Cavities



Ready-to-fabricate models
Cavities

Joint geometry



Ready-to-fabricate models
Cavities

Joint geometry

Gaps
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Limitations
Limited part and joint types



Limitations
Limited part and joint types

Few functional relationships



Thanks!
Model STLs available on:
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