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Abstract:

GENIUS Bodybuilder is a tool for the evolutionary design of arbitrary closed surface objects in 3d space. Its main field of application is the creation of avatars and virtual characters. Genius supports both userguided interactive evolution and automatic evolution using physical and optical sensor modules.

The current implementation – Genius Sculptor – is used to create individual avatars out of prototypes by shape blending and free form deformation.

The next step – Genius Creator – will be concerned with the creation of arbitrary forms using embryology, L-Systems and Cellular Automata.
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Introduction

Although Leonardo da Vinci was quite successful in finding some basic relationships concerning the pro​portions of the human body, we still don’t know a receipt on how to create convincing sculptures from sketch. Evolutionary Algorithms (EAs) have been successfully applied in areas where it is easy to tell whether a solution is good, but a formal description of how to achieve this solution is not availiable.

Recently EAs have been used in many art related fields,  i.e. the evolution of architecture, buildable objects and evolutionary art. Peter J. Bently has esta​blished a common ground  for those approches by the term “Evolutionary Design”.[3] Since this comprises all kinds of design, the authors of this article refer to their field of research as “Genetic Modelling”.

Evolving Blend Shapes

The painting of the human body and portrait is regarded a sophisticated art, since the anatomical interplay of bones and muscles hidden under skin and cloth, produces extremly complex forms. If somebody is happy, his entire face is laughing – that’s why most smiling avatars look strange as they only modify the shape of their mouth when pretending to be happy.

In computer animation it is possible to control every facial feature independently, but the composition needed to obtain a certain expression, varies with the diversity of faces and emotions.
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Figure 1  Blending shapes into a single face

In Figure 1 there are five variants of a child face from Alias|Wavefront’s animation “Bingo”, that have been combined by shape blending into the central face.

Genius Sculptor has been developed as a plug-in  for Maya 3.0, where you can easily control how much of each face is blended in by sliders. In some cases you may have up to 30 original shapes, so that finding the appropriate slider positions is not a trivial problem.

When using a Genetic Algorithm to control the sliders, the user only has to evaluate the resulting avatars, each time yielding a new generation of faces that are hopefully closer to the facial expression the user wants to obtain.
The Genius Interface

Figure 2 shows the Interface of Genius Sculptor, each of the nine breeding cells holding a new avatar face. The genome of each avatar controls the amount of blending, so that children obtained by mutation and crossover will look similair to their parents.
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Figure 2  evolving blend shapes
As can be seen in Figure 3 the user can easily zoom in to evolve the details. To gain a quick impression, all objects can be rotated in a chicken grill fashion at the same time. There are also tabs to give the user full access to the genetic operators and the gene expression network.
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Figure 3  evolving the details

The avatars can be assigned fitness values in several ways. For fast evolution there is a simple one-click mode. Detailed fitness values may be assigned in pop-up-mode or in click-time mode where the fitnessbar automatically increases or decreases as long as the button is pressed. (Figure 4) When using the numeric keypad you can even evaluate several breeding cells at the same time.

Evolving Lattice Boxes
A Lattice Box is a tool for free form deformation (FFD)  that allows for arbitrary warping of a body inside the box. In [3] GAs were applied to evolve 2D-FFDs in order to optimize the area and other shape properties. The backdraw of the proposed algorithm is that the lattice may become absolutley scrambled by the genetic algorithm, so that it cannot be operated in an intuitive fashion by the user afterwards.
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Figure 4  fitness assignment

We have solved this problem by introducing a hierarchical mapping. In the hierarchical lattice box the genome doesn’t contain the immediate coordinates of the control vertices, but only relative factors that can be arranged into a treelike form. The absolute coordinates are then resolved while walking down the tree.

This does not only solve the scrambling problem but also reduces genome size and produces a meaningful gene interaction. Whereas root genes produce large scale deformation, leaf genes effect only very small areas.

Automatic Evolution

Genius comprises physical sensors to measure the surface, volume,  mass center and the inertia of an object according to [2]. Optical sensors calculate measures for axial symmetry and mirror symmetry using a continious measure similair to the one proposed in [4]. Genius provides also a distance based measure to calculate similarity to reference objects. The overall fitness value is then automatically calculated by a weighted ranking scheme according to user defined weights. 

Creative Evolution

Genius Creator will use an embriogenetic  representation to allow for growing arbitrary 3D shapes from a single cell. Our representation is based on an  Lindemeyer-System that can be unfolded to a voxel sceleton represented in Freeman-code.

The growth of the actual volume may then be obtained by expanding the weighted sceleton using cellular automata. Finally the voxel object is turned into a polyhedral surface  by the marching cubes algorithm.

Universial Mapping

Our future objective is to create a reversible mapping for Genetic Modelling. A mapping is the function that maps the genotype of an object onto the correspond​ing pheno​type. If we achieve a reversible mapping, the genotype can be deduced from an arbitrary object by reverse engineering, applying algorithms for rastering, sceleton​ization, and discrete line segmentation.

This would be a revolutionary step for Evolutionary Design, since it means that any object or person in existence can be rasterized and further optimized by artficial evolution.

References

[1] Bentley, Peter (Editor), ”Evolutionary Design”, 
Morgan Kaufmann, San Francisco, 1999 

[2] Mirtich, Brian, “Fast and accurate Computation of Polyhedral Mass Properties”, journal of graphics tools 1(2), S.31 – 50, 1996

[3] Watabe, Hirozaku and Norio Okino, “A Study on Genetic Shape Design”,  Proceedings on the 5th conference on GAs,

Morgan Kaufmann, 1993 

[4] Zabrodsky, S. H. Peleg and D. Avenir, “Symmetry as a continuous Feature”, IEEE Transactions on Pattern Analysis and Machine Intelligence 17(12) S.1154-1165, 1995

