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Deformation Grammars:
Hierarchical Constraint Preservation under Deformation

Ulysse Vimont', Damien Rohmér?, Antoine Begault, and Marie-Paule Cahi

Lnria, Univ. Grenoble Alpes, Grenoble INP & CNRS (LIJRGPE Lyon

Figure 1. Deformation grammars allow to freely deform complex objects or object assemblies, while preserving their consistency. Top
row: Original hierarchical objects (tree, house, bird ock, scene with mixed elements). The tree and the bird ock are made of parts of the
same type, while the other objects are hetegogeneous hierarchies. Bottom row: Deformed objects, where the interpretation of user-control
deformations through deformation grammars is used to automatically maintain consistency constraints.

Abstract

Deformation grammars are a novel procedural framework enabling to sculpt hierarchical 3D models in an object-dependent
manner. They process object deformations as symbols thanks to user-de ned interpretation rules. We use them to de ne hier-
archical deformation behaviors tailored for each model, and enabling any sculpting gesture to be interpreted as some adapted
constraint-preserving deformation. A variety of object-speci ¢ constraints can be enforced using this framework, such as main-
taining distributions of sub-parts, avoiding self-penetrations, or meeting semantic-based user-de ned rules. The operations
used to maintain constraints are kept transparent to the user, enabling them to focus on their design. We demonstrate the
feasibility and the versatility of this approach on a variety of examples, implemented within an interactive sculpting system.

Categories and Subject Descriptaggcording to ACM CCS) a large body of work in the last two decades. While recent techni-
1.3.5 [Computer Graphics]: Computational Geometry and Object cal improvements enabled to model complex and detailed shapes,
Modeling—Hierarchy and geometric transformations their creation and editing are still very tedious, and the quantity and

quality of new 3D content produced fails at matching the increasing

1. Introduction expectations of users.

Modeling and editing complex objects or shape assemblies is one Ideally, once a given 3D object or shape assembly is modeled,
of the bottlenecks of the virtual content production pipeline, despite artists should be able to reuse it in different scenes after the ap-

C 2017 The Author(s)
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propriate modi cations. To achieve this, digital artists should be tremendous efforts in the case of complex objects, de ned as a hi-
able to deform complex objects ef ciently and in an intuitive way. erarchy of many interdependent parts. Procedural modeling tech-
For instance, stretching the model of a tree should either elongateniques have been very ef cient to design complex structured ob-
branches or grow more of them depending on the user's intent, jects from a set of parameters. However, they are usually dedicated
while insuring in both cases that the deformed object is still a valid to a speci ¢ type of objects, such as cities and buildings model-
model of a tree (e.g. branches are not intersecting). ing [Cit, LSWW11, SKK 14, EBP 12, IMAW15], or trees mod-

. . . . ... eling [PBPS99FP99 BPF 22]. These methods require unfortu-
This problem is made even more challenging when dealing with nately a large amount of parameter tuning and only provide indi-
complex 3D models made_ of het_erogeneogs (_:ompon.ents. Theserect control - through trials and errors - on the results. Interactive
models can be seen as a hierarchical organl_zatlon ofdn‘ferent SUb'approaches have been proposed to bring global control over ob-
parts, each part (or sub-sets of parts) possibly needing to be Ole'jects de ned procedurally, but each approach requires a dedicated

forrgeld N la dSpef' C way. I;ofr mtstatnhce,l |{tthe aforemlenbt |oned| trdet_a system without always providing direct local and global control on
model includes leaves and fruits, the latter may only be scaled in .~ object BBP13KW11, LRBP12.

a uniform way, although branches can also be scaled along their

main axis. Houses with doors, windows, and walls made of bricks, s
or animals with scales and appendices, are other examples of suct}
hierarchical heterogeneous shapes. Dealing with the deformation
of these complex models is currently tedious as each type of sub-

part may require the use of a speci ¢ deformation tool in order to

;:?:;'1;?32::?2:'n':/la?r:f;\rl]?r:’ Otlﬁfeorcrgr']ns?ste;cch %?rtthglsvehﬁg_dfhneﬂy sampling while undergoing free-form deformation that includes
ds t I 9 that int t);l denci ’ changes of topological genuSCC11. In Sorkine and Alexa's
Z;icr:tr;e s to manually ensure that inter-part dependencies are rege inal work BA07, the authors introduce a deformation scheme

that preserves co-rotated distance vectors and tends to maintain lo-
Our work addresses consistent deformation of complex objects. cal shape features under deformations.

Mpre precisely, We propose a un ed f_ramework to handle ar_tlst- In the above methods, the geometric property to be maintained
driven Qeformat|on Se“”? for hierarchical heterogeneous ObJefCtS'during the deformation cannot be selected locally on the model. In
Wg claim that t_he following features are essentlal for an artist- consequence, objects are deformed as if they were made of some
driven deformation tool, and address them speci cally: uniform elastic or plastic material. Moreover, the property which is
The validity, or consistency, of the whole model should be main- preserved through deformation is not chosen by the user, and not
tained throughout the deformation. The user should be able to tted to every type of object.
select the consistency criteria for each type of element and at
different scales, in order to fully express their intent. Analyze-and-edit approachesuse a two-step approach for de-
A hierarchical model should be editable at different scales, rang- forming man-made objects in a way that maintains their struc-
ing from local to global ones. ture MWZ 13]. This means either preserving or duplicating spe-
The artist should be able to apply the edits in the order they wish, Ci ¢ details when the model is stretched. The rst step aims
not only from coarse to ne scales. at computing a set of features on an input model. In the sec-
ond step, the identi ed features are automatically preserved while
Our solution is based on the new concepdeformation grammars  the user deforms the object. Features can be selected based on
The latter enable to de ne deformation interpretation rules and al- |ocal geometric criteria such as saliendyK14, ML13], curva-
low to freely deform a complex object while maintaining its con-  ture [KSSCOO0§, or wires [GSMCO09; as well as based on
sistency. Our contributions include formal de nitions for the no-  higher-level properties such as linear arrangemeBW#/KS11,
tions of complex object, deformations and consistency (Se8&)ion BWSK12, detail patterns AZL12], element type adjacency
the description of a general formalism fdeformation grammars matching [VW 15], ergonomicity ZLDM16], or 2D distributions
(Sectiond), and their extension enabling to freely interleave local of sub-shapesVC 15]. Yumer's work [YCHK15] allows for con-
and global editing (Sectio). We present a variety of applications  tinuously deforming an input object through handles that represent
and results produced within an interactive sculpting software (Sec- semantic attributes. All these methods only consider two levels of
tion 6), and discuss the advantages and limitations of our deforma- detail (an object and its main parts or features), so their applicabil-
tion framework (Sectioi) before concluding. ity to shape hierarchies is limited. More general hierarchy of defor-
mations were also studied for generic mesi@BCP13 but with
limited consistency preservation.

tandard deformation methods aim at deforming a mono-
esolution shape while maintaining some of its properties. In the
context of virtual sculpting of triangular meshes, this includes pre-
serving volume while applying free-form deformations to a shape
[ACWKO04,vFTSO04; or enabling a mesh to maintain quasi-uniform

2. Previous Work .
Closer to our work, ZhenZFCO 11] computes speci ¢ con-

Being able to create and edit shapes in an intuitive way has been &rollers for the components of complex 3D models, allowing the
major goal of computer graphics research for many years. user to deform the right degrees of freedom while maintaining
inter- and intra-parts consistency. Controllers can be grouped,
Interactive and Procedural methods are the most usual ways to  forming a hierarchy. Our method can be seen as a generalization
create geometric content. While standard 3D mesh editing tools of this work. We provide a uni ed framework for deforming hier-
enable to interactively model any desired shape, they may requirearchical objects, enabling all the previous deformation modes to be

c 2017 The Author(s)
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