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Inspiration

One object - generative concept 2>
Parameterized sculpture generator
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sculpture on the left, which enabled redesigns like those on the middle and right.
Our goal is to generalize this idea to a broader dongaiot just for nice symmetric

sculpture but for arbitrary 3D objectsand to automate the fitting process as much
as possible.



Interactive Inverse 3D Modeling

Goal: Let users impose any high level structure on
model, to immediately use for redesign.

Initial artifact | Redesigns enabled by different imposed structure

By letting the user impose high level, conceptual structafeeir choice, our

system enables diverse, dramatic shape redesigns.

For example, we show, on the top row: Editing symmetry, editing the flanges of the
sculpture by treating it as a surface of revolution, and finally editing the sculpture as a
sweep.

On the bottom row: Beautifying a cone by projecting it to a quadric surface, editing
the profile of the cone as a surface of revolution, and editing the path of the cone as
a sweep.



Editing Rotational Symmetry

3 fold 4 fold

Extract one sector; collapse/expand in polar coordinates.

To edit rotational symmetry, we extraatsector of the model and collapse or expand
that sector in polar coordinates. We instance the sector to complete the shape.



Editing as Surface of Revolution

Eventhough this shape is clearly not a surface of revolution, the user can impose that
structure on it. The vertices of the mesh are then rotated to a shared plane, creating
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that 2D space, and projecting the results back to 3D, we can for example extend the

top flange of the model as we show here.



Again, even though the shape is not a sweep, the oarrimpose a sweep structure
on the model and then reshape the modeith a sweeplike editing operation, for
example by twisting it into a trefoil knot as we do here.



Our goals:

1. User-guided reverse engineering for broad applications
- Including mechanical parts, household appliances,
and freeform artistic shapes.

2. User imposes high-level structure on representation
- Not error focused; user can impose conceptual model
with desired degrees of freedom and parameters.

3. Fast data fitting + shape editing in same tool
- Enable immediate, interactive re-design.

4. Freely allow interactive model re-interpretation
- As re-design goals change, best structure changes




Related work:
Reverse Engineering

Obtaining a robust and versatile CAD model
from a physical artifact or from images.

Algorithms for Reverse Engineering
Boundary Representation Models
Pél Benkd, Ralph R. Martin (*), Tamds Virady

Typically focus on a single best / versatile reconstruction

CKSNBEQE I NAOK KAAG2NER 2F LINBGA2dza 62 NJ
whichfocuse® y FAYRAY 3 | aAy3atsS aoSaidé¢ /!5 Y2R
physical artifact. We use a number of reverse engineering methods in our system,

which will be noted as | discuss them later in the talk.



Related Work:

Optimize to find high level parameters for re-design
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“Creating Generative Models from Range Images”
Ravi Ramamoorthi and James Arvo

One inspiringvork was a paper dRamamoorthand Arva, which decomposed
scanned models intparametericrepresentations which allowed some flexibility for

later re-design.
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Our systenwill take low level input data, such a unstructured polygonal meshes or
photographs, and through a usguided fitting process generate an editable,
parametric model that permits redesign. We let the users interactivefit shapes

or impose hierarchical fits as needed. Once a satisfying redesign is created, we
output a clean representation of the artifact for rendering, rapid prototyping, or
further processing in a CAD system.




Input Sources

* 3D meshes
* 3D Point clouds from scanner
* Photographs
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plan to support input from point clouds and photographs. We have done preliminary
work on supporting photographs: for example, from a collection of ten photographs

of the sculpture on the left, we can extract the visual hull, (tieidage is an

intersection of 10 silhouette cones). Then, with user hints, a sweep and cone are fit

to the corresponding parts of the visual hull.
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User-Guided Fitting Modules

Stationary sweeps: ; 6 gg_g
(Surfaces of revolution, helices, etc)
NS~

Progressive sweeps:

Quadrics:

Freeform surfaces: \

We currently have four fittingnodules for different types of primitives: Two modules
for different types of sweeps, a module for quadric surfaces, and a general freeform
surfaces module.
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Our sweep module handles what we call stationary sweepseepsdefined by a

simple sweep motion, such as surfaces of revolution, helices or spirals. These simple
sweep motions correspond to following a simple, linear, velocity felthich enables

a fast fitting algorithm specialized to these sweeps.

Thekey idea is to find a velocity field which is consistently tangential to the surface.
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