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reconfigurable | ritken'fig(e)rab(a)l |
noun

an object or collection of objects whose transformation between
various states defines its functionality or aesthetic appeal.



Foldable bicycle is a classic example
of a reconfigurable

state #1 transition sState #2



Transforming
furniture is
also a
reconfigurable]

https://youtu.be/A3PDIDLIOE]



Transforming
furniture Is

also a :
reconfigurable =g

https://youtu.be/A3PDIDLIOEI FESS



Space-saving kitchen is
also a reconfigurable
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Problems occur it we design
each state In 1solation...

State #1
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state #2

12



...CO
{0 Ot

Isions prevent transitioning

Ner states

. /

state #2 first contact

13



We mode
as a grap

recon

lgurables

N of tra

NSItioNs

14



We mode
as a grap

lgurables

NSItioNs
AN

15



Our goal is to help the designer
keep all transitions collision free
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need Ul to notify
designer of new collisions

need Ul to track
progress of collisions

need modeling tools
to resolve collisions



armonization of all three enables
to rapid and creative editing sessions

need Ul to notify
designer of new collisions
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‘raditional CA

D tools have

I m|ted collision support

solidworks

offline detection

Di. NO automatic resolution

| notification via “audible bell”
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Animation tools detect and respond
to collisions for physically-based eftects

Fle ESt Modly Crese Dulay Window Amels rflides oMehi Cosimet oCae oSohes Pk el

i
Ust Seleced Foces  Atwbut "

£
[ e — ;

= 1 time is linear and “one-way”

Eratie
P Colimiom
?  DynamicPropertes
?  Force Fiekd Generation
¥ Wind Fied Generation
» Pressure

? Qualty Settmgs

== no salient states

b Object Dmplay
¥ Sode Behavior
¥ Extra Attributes

overlaps OK if not noticeable

‘I:ﬂ aya - 20



Previous Computational design tools either:

Boxelization: Folding 3D Objects into Boxes.
aiearceniiicront

ignore collisions leverage a
specialized subspace
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We begin vvith objects as rigid triangle meshes
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Along each transition an object is a
4D spacetime volume

S
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Collisions correspond to
iIntersections Iin spaceti

>
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Collision Intervals form the foundation of
our notification and tracking Uls

temporal projection spacetime bounding box

s D>H
RS

X spatial projection
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Collision Intervals form the foundation of
our notification and tracking Uls

temporal projection K spacetime bounding box
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Spatial and temporal projections of
collision intervals alert the designer




First priority: alert designer when
collision Is occurring




Next: alert designer where
collision Is occurring




Designer's current view may be poor,
hotkey tumbles to optimized view
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Designer's current view may be poor,
hotkey tumbles to optimized view

.............................

.............................
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What makes a poor view?

Collision interval
not central
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What makes a poor view?

Collision interval Collision interval
not central occluded
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What makes a poor view?

I I
Collision interval Collision interval View direction
not central occluded along trajectory
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What makes a poor view?

|

Collision interval Collision interval View direction
not central occluded along trajectory
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For two objects, center collision interval
along view direction orthogonal to motions...
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Generally, two choices left:
pick direction with least occlusion

rq XIpn —rq4 XTB

partially occluded not occluded .



For degenerate views or multiple objects,
we search over all views via Monte Carlo




For degenerate views or multiple objects,
we search over all views via Monte Carlo
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For degenerate views or multiple objects,
we search over all views via Monte Carlo

2

count “red” pixels using hardware “occlusion queries” (GL_SAMPLES_ PASSED) |



Picture-in-picture allows rapid editing
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Stroboscopic ghosting complements
interaotivevcollision interval tracking
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Stroboscopic ghosting complements
interactive collision interval tracking
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Stroboscopic ghosting complements
interactive collision interval tracking
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Fixing collisions can be tedious and unintuitive,
how about a hint?

decrease/remove collisions
agnostic to direction of time

in terms of Ul DOFs
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First contacts
produce unrel

nDetween object

lable, biased di

t=01

=1

S
rections
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First contacts
produce unrel

nDetween object

lable, biased di

t=01

¢ 1=1

S
rections
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First contacts
produce unrel

nDetween object

lable, biased di

t=0+

s t=1

S
rections
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Global solution should untangle
spacetime intersection

t=0 4 =1
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Global solution should untangle
spacetime intersection

t=014 ¢ 1=1
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Global solution should untangle
spacetime intersection

t=01 o t=1
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2D reconfigurables could be
untangled like 3D cloths

A, B CR’




2D reconfigurables could be
untangled like 3D cloths
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2D reconfigurables could be
untangled like 3D cloths
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Minimizing length of intersection
curve results in untangling

% e [~ intersection

contour



Minimizing length of intersection
curve results in untangling

argmin || o]
| | \
I intersection “ length

contour 3D mesh
vertices



Minimizing length of intersection
curve results in untangling

Ic intersection length

contour 3D mesh
vertices

update via gradient descent
V 'V — VVHICH
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Minimizing length of intersection
curve results in untangling

argmin ||I¢o||

| AV

I~ intersection length
contour 3D mesh
vertices

update via gradient descent

v v - S

[Volino & M-T 2006]
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Naive extension to 3D objects is problematic

A BcR?
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Naive extension to 3D objects is problematic

0A, B € S3p
OANOIB & SQD'

Difficult to compute or
optimize over
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Naive extension to 3D objects is problematic

M

M
2

o

Difficult to compute or
optimize over

How to minimize surface
area of intersection?
argmin |[g|

Ul
70



Intersections of generic surfaces are
non-trivial to parameterize...
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Intersections of generic surfaces are
non-trivial to parameterize...

need to resolve
intersections
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... but spacetime surfaces are
explicit functions of monotonic time
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... but spacetime surfaces are
explicit functions of monotonic time

trivial
parameterization
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Spacetime intersection surface area reduces
to integral of 1D intersection contours

argmin |Ig|
UI

Ul « Ul — VUI’IS‘



Spacetime intersection surface area reduces
to integral of 1D intersection contours

argmm/ | Lo ()| d

UI<—UI—/ Vulllle(t)]] dt
0



Applying the chain rule reveals
Ul couples surface positions across time

argmm/ | Lo ()| d

UI<—UI—/ Vulllle(t)]] dt
. 5



Applying the chain rule reveals
Ul couples surface positions across time

argmm/ | Lo ()| d

UT+ UI— / (VurVy) (Y, [Te()]]) dt



Applying the chain rule reveals
Ul couples surface positions across time

argmm/ | Lo ()| d

UT+ UI— / (Vorv,) RN

[Volino & M-T 2006]



Applying the chain rule reveals
Ul couples surface positions across time

argmm/ | Lo ()| d

U+ UI - / B (Vv ||1c()]) dt

See paper for details
[Harmon et al. 2011]
[Umetani et al. 201 1]



Gradient direction with respect to Ul
immediately helps as hint




Gradient direction with respect to Ul
immediately helps as hint




Gradient direction with respect to Ul
immediately helps as hint




Collisions involving many objects can be
very tedious to fix...
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Collisions involving many objects can be
very tedious to fix...
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... manually fixing one collision may
cause more at another place or time
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... manually fixing one collision may
cause more at another place or time
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... Instead we may follow gradient descent
until all collisions disappear

il
Auto Resolve
Button
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... Instead we may follow gradient descent
until all collisions disappear

e Selected Object
Il
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Sometimes, one part’s geometry Is
less Important than another's...
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Sometimes, one part’s geometry Is
less Important than another's...
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Sometimes, one part's geometry is
less important than another's...




Swept volume carving invites
creative space-saving solutions
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Swept volume carving invites
creative space-saving solutions
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Limitations & Future Work

modeling space  extend to full modeling / deformation tools



Limitations & Future Work

modeling space  extend to full modeling / deformation tools

data integrate with 3D scanning / model repos
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Limitations & Future Work

modeling space  extend to full modeling / deformation tools

data  integrate with 3D scanning / model repos

physics feasibility extends beyond collisions
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