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Abstract. In this paper, we propose an image-driven 3D modeling technique for
rapid panel design. Our semi-automatic approach is based on template tech-
nique and mesh volume deformation controlled by a special cage. We designed
our modeling system to be interactive in 2D, automating the process of shape
generation while relying on the user to provide image samples. Once a paramet-
ric model template is given, using the contour extracted from images, the new
control cage corresponding to mesh models generated. Then the geometry of
new panel is automatically recovered from the deformable template model. Our
system also allows the user to easily reconstruct other 3D objects in a similar
manner, such as realistic-looking plant modeling from images. We show realis-
tic reconstructions of a variety of panels, automobile shapes and demonstrate
examples of plant editing.

Keywords: Image-driven, Mesh deformation, Panel Design, Deformable
template.

1 Introduction

Nowadays polygon meshes are widely used in both geometric modeling and finite
element analysis fields. Mesh deformation is useful for providing various shapes of
meshes for CAE tools, especially in very early phases of conceptual automotive
design. Most of 3D objects are largely dominated by a few typical features which
include contours, even and engineered meanings. Thus, to create 3D models with new
appearances by processing and reusing the existing models is becoming an extremely
important way to ease the efficiency problem of geometric design in computer-aided
design and computer graphics.

Space deformations (volume deformation) are to this day the method of choice for
shape deformation due to its independence of surface representation'!. A space de-
formation is defined via a (usually simple) control cage or grid; user-defined deforma-
tion of this object is interpolated to the 3D space and evaluated at the input surface
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points. Space deformations are popular since they can handle various object represen-
tations, including parametric surfaces, polygonal meshes with multiple connected
components, etc. In addition, space deformations are simple to implement, and they
are highly efficient and robust, because the cost of the deformation is mainly depend-
ent on the complexity of the control object and not on the deformed shape. Early
space deformations used lattices as control objects, and then had also been explored
as FFD™”, EFFDY, and DFFD™ etc. Later work proposed the use of so-called cages
as control objects for shape deformations. Typically, the cage is a very coarse and
offsetted version of the input shape. Various coordinate functions have been designed
to carry over the deformation of the cage to the entire space, such as mean-value co-
ordinatesm, harmonic coordinates[(’], Green coordinates”. However, cage-based de-
formation schemes in references [5][6][7] which preserve differential properties, so
far, cannot support direct manipulations very well. Cages generation and its manipula-
tions are more complicate. Thus, in this work, for more adaptive for different kind of
FEM meshes and easy to edit in 1D, we adapt modified DFFD ) method as our main
deformation technique.

The core techniques of the reuse of existing 3D mesh models using mesh deforma-
tion, the key property of mesh editing is interaction techniques and more input exam-
ples, such as images, 2D sketches. Masuda et al. proposed a combination method to
manually specify varying surface stiffness for panel design''®" """, Gal et al. introduce
a so called iWIRES, a novel approach based on the argument that man-made models
can be distilled using a few special 1D wires and their mutual relations’. In this paper,
a simple 1D editing method based on symmetric projection is developed, which deals
with the control box of DFFD easily and can support the image examples very well.

In this paper, we introduce an image-driven mesh morphing framework for rapid
design of the automobile panels, and also generalize this method to other applications,
such as realistic-looking planting modeling from images. Section 2 presents the whole
pipeline of the method. Then the detailed algorithm of the mesh deformation
and contour extraction from images are introduced in Section 3. Section 4 gives the
numerical examples and discussion.

2 Overview of Image-Driven Framework

For production of high quality panels in a short period of time, the more freely and
rapid design technique is widely studied in the past few years. Inspired by IWires
method " and image morphing"? method, our main motivation is to generate new
models rapidly from images; meanwhile, users can edit the shapes in 1D.

In this section, we will introduce our framework of the image-driven panel design
based on mesh deformation. Fig. 1 shows the whole process of our method proposed
in this paper. There are three main parts of this framework, which include contour
extraction from images, generation of initial control box CB, and new control box
CB,, deformation and related verification via CAE software and aesthetics respec-
tively. The pipeline of the framework illustrated in Fig. 1 is given briefly as follows.

Pre-processing (Control box generation)
In the pre-processing phase, the deformable mesh template M should be chosen and
constructed properly according to needs of the practical panels. The first step of the
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CB, generation algorithm is to compute the bounding box of the initial dense mesh
model M by principal component analysis (PCA); the so constructed bounding box
captures the major geometric shape of the mesh M. For the simplicity of edition-
interaction, we consider the main contour of the model via projection mapping, see
Fig. 2. Then the corresponding contour and the control box CB, associated with
DFFD method should be constructed automatically.
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Fig. 1. Flowchart of our method
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Fig. 2. (a-d) Control box generation
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Fig. 2(a-d) illustrates the construction process of the control box corresponding to
the given model in Fig. 2 (a). More details are described in Section 3 and Section 4.

New control box constructed from images

For the purpose of the image-driven mesh deformation, the key point is to create new
control box from input image examples. Moreover, there are two core steps should be
done carefully, which are the contour extraction from images with high precision and
subsequent reconstruction of the new control box respectively. This stage will be
described particularly in one full section due to its complicity with many techniques,
see Section 4.

Panel design via mesh deformation

With the deformable template and the control boxes CB, and CB, are given, the next
task is to generate the new panel or model using mesh deformation. The final mesh
models are generated to meet requirements of panel CAE analysis, such as crash,
NVH, durability and formability. Thus, a general deformation method which is inde-
pendent of surface representation will be developed. In this paper, FFD method is
used. In the next section, the mesh deformation techniques are described in detail.

3 Design via Mesh Deformation

The rapid design of panels or carbody shapes is constrained by the conflicting re-
quirements of multiple objectives. For example, designers need a more conventional
CAD tool to modify the original models to obtain the shape changes required and
time constants necessary for these changes. However, the final design is determined
by CAE engineers and designers to verify the artistic and reliability of the shapes.
State-of-the-art commercial CAE software, such as LS-Dyna, Nastran, Abaqus, Pam-
Crash, Fluent, etc. are all based on meshes. Thus, this paper focuses on the platform
which enables the user to rapidly change an existing FE / CFD mesh into a new target
shape without having to redraw it in the CAD system. In this section, the mesh de-
formation method used in this paper will be introduced in detail.

3.1 Pre-processing

Firstly, in order to rapidly generate a panel model, it is important that the suitable
deformable template should be chosen and constructed. Thus, a series of panels or
carbody database is constructed to meet the requirement of the different products.

Once the template model was constructed, the following step is to generate a cor-
responding control box, which can design new shapes via space deformation method.
In this paper, for the sake of edition simplicity, the 2D edition approach will be
adopted. Now we introduce our main methods used in this work in brief. The auto-
matic CB generation steps are described as following:

1) Compute the principle axis of the template model by Principal Component
Analysis (PCA)!'";

2) Rotate and project the model into the principle plane, then obtain the contour
polygon, see Fig. 2;
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3) Automatic generation of the control polygon feature points from the contour; see
Fig. 2b;

4) Semi-automatic generation of control box CB, by tensor production to the prin-
ciple axis, see Fig. 2 c-d.

It is noted that the suitable CB, should be construct carefully, which affects the
deformable template and the final design. Meanwhile, control boxes CB; and the
corresponding CB; also provide the feature-preserving of the template through space
deformation method.

In this work, we use the projection method in order to simplify the user-interaction
process, that is, designers can modify the shapes in 2D principle plane but in the com-
plicated 3D model directly. Taking the advantage of 2D editing, our method can
generate a new model just from an input image or image examples, which is so called
image-driven panel design method. Fig. 3 illustrates a new control box generated by
our method.

Fig. 3. New control box generation by projection

3.2 New Control Box Generated from Images

Due to editing the control box CBy in 2D while in 3D directly, our method can gener-
ate a new control box from a new contour with some constraints. So, an image-driven
modeling method is proposed based on the mesh space deformation method. This part
is of the most importance in this framework, and will be given in Section 4.

3.3 Mesh Deformation

In order to make use of surface-based techniques for deforming automobile sheet-
metal panels, Masuda et al."”"! develop the soft and hard constraints on the mesh
and propose a framework which can preserve the form features of the sheet-metal
panel while deforming the model. Huang et al. "*! proposed a morphing method with
feature-preserved for panel design, which use the DFFD method on NURBS surface
directly. However, as described in Section 3, the rapid panel design method should
provide different meshes to satisfy the need of subsequent CAE analysis. Thus, in this
work, the mesh space deformation theory is used rather than the surface-based
method.

4 New CBI1 Constructed from Images

In this section, we introduce the detailed techniques to reconstruct new control box
CB, which shares the same topological structure as the original one CBy, see Fig. 4.
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Fig. 4. Pipeline of CB, reconstruction from an image

4.1 Contour Extraction from Images

First of all we introduce how to extract the exact contour information from an ideal
panel image which is the key point to generate new control box.

As shown in Fig. 4, the input images should be pre-processed to obtain a contour
with high precision firstly. There are two necessary operations to improve the
extracted result in the pre-processing phase, which are image resizing and image
smoothing respectively. In this work, for higher effencicy, the bi-linear interpolation
method is used to resize an image for ideal; In order to obtain an initial contour from
the input image, Guassian smoothing filter is used. Fig. 5 or an imput image example,
and the Fig. 5 obtained after the pre-processing stage.

As the pipeline shown in Fig. 4, the following step is to extract the contour from
the image, as shown in Fig. 5b-c. The improved gradient vector flow snake (GVF) !
method is used in this paper. Now we introduce this method in brief. A GVF model is
the vector field

v(x.y)=[u(x.y)v(x)]

s

which minimizes the energy functional
£ =H,u(uf +uf, +v? +v}2,)+|Vf|2 |V—Vf|2 dxdy .

This variational formulation follows a standard principle, that of making the result
smooth when there is no noisy data. In particular, when | Vf |is small, the energy is

dominated by sum of the squares of the partial derivatives of the vector field, yielding
a slowly varying field. On the other hand, when |Vf| is large, the second term

dominates the integrand, and is minimized by setting y=Vf|. This produces the

desired effect of keeping v nearly equal to the gradient of the edge map when it is
large, but forcing the field to be slowly-varying in homogeneous regions. The
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Fig. 5. Contour extraction from an image

parameter [/ is a regularization parameter governing the tradeoff between the first

term and the second term in the integrand. This parameter should be set according to
the amount of noise present in the image (more noise, increase 4 ).

4.2 Post-Processing of Contour

In the above subsection, the initial contour is obtained from an image, as illustrated in
Fig. 4a-c. However, the initial contour cannot match with the contour of original con-
trol box CB, very well. There are two necessary operations to solve the problem,
which are contour assessment and feature point assignment respectively.

Contour assessment

Once the template model is given, through the pre-processing operation in Section 3,
a constant original contour is obtained. In order to generate a final control box CB,
with the same topology and features as CB,, the original contour and contours
extracted from images should be assessed exactly. Fig. 6 shows the geometric as-
sessment result for a given carbody model, and Fig. 6b illustrates assessment result of
the contour shown in Fig. 4c. It is should be noted that this step can be an automatic
process for a given specific panel case.
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Fig. 6. Geometric assessment of contours

Feature point assignment

There is another important point of contour post-processing, i.e., feature point as-
signment. It is obvious that there are no any apparent relationships between the origi-
nal contours and contours extracted from images. Thus, to bridge this gap, we should
assign some specific feature points on the contours which determine the panel shapes
and main corresponding engineering meanings. In this paper, we assignment the
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Fig. 7. Coding the feature points

feature points semi-manually. As shown in Fig. 7. Coding the feature points, the coding
of the feature points for contour in Fig. 4c is given.

4.3 Reconstruction of New Control Box CB;

By extraction from images and suitable post-processing, a coded contour with geo-
metric assessment is obtained. In this step, a new control box CB; with the same
topology with CB,, will be constructed using the above contour information.

The geometric transformation between the contour from image and the contour as-
sociated with CB, is used. Due to the difference of geometric information between
two contours, we adjust the control polygon of the contour extracted from image,
according to the feature calibration and geometric information of the original contour.
Fig. 8 illustrates an adjustment for the contour shown in Fig. 6 (in blue), and the red
one denotes contour associated with the template. After this operation, the control
polygon and contour of CB, are obtained.

Fig. 8. Adjustment of the control polygon
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Fig. 9. The final contour of the CB,

In order to construct a new control box CB; with high precision and the same to-
pology with CB,, a resampling operation with high precision is necessary. However,
the contour extracted from an image directly usually has a low-resolution. In this
paper, cubic spline interpolation method"® is used for the initial extracted contour.
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Then the final contour of the CB, is obtained by resampling from the interpolated
spline curve with the same number of points with CB,. Fig. 9 shows the final contour
of the CB, corresponding to Fig.5a-c.

5 Implementation and Numerical Examples

We have applied our method to a large variety of panel and carbody models, and
obtained very ideal results. All models are computed on a double 2.80-GHz Pentium-
R (2G RAM) machine, using VC++ 6.0 and KMAS/COMX development platform.

In this section, three images of cars from Internet are given, and the associated car-
bodies are computed rapidly by our framework. Fig. 10 is the template model used
in this paper, and the final corresponding designs are given as following, such as
Fig. 11-13.

Fig. 10. The template carbody model in this paper

Based on the template model shown in Fig. 10, a new carbody design from image
in Fig. 5 is obtained as following figures using the new control box illustrated in
Fig. 3 and Fig. 9. Fig. 11 bottom shows the final FEM mesh of the new design, and
the others shows the shading one from different views.

Fig. 11. The final design corresponding to Fig.5-9

We also provide two carbody designs from images directly using our method, see
Fig. 12 and Fig. 13.
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Fig. 13. New SUV design generated using our method

6 Conclusions

In this paper, we proposed a framework for rapid panel design based on mesh space
deformation. Furthermore, we also explored the approach to create any other kinds of
man-made, engineered objects and realistic shapes. This approach generates so many
different kinds of shapes due to image example input which is abundant from internet.
Numerical examples show that our framework is effective and able to reconstruct
visually pleasing objects. The final output finite element meshes can be utilized by
CAE software. It should be noted that this study has examined only for auto-body
design in the conceptual design stage.

For the future work, we will improve current contour-extraction method from
images, in order to obtain the feature information with higher precision. A more auto-
matic registration algorithm to reconstruct new control boxes CB; from images will be
also considered. Furthermore, a more parametric framework will be constructed to
generate panels or carbody self-adaptively to meet designer’s needs. More applica-
tions under this framework will be also considered.
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