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ABSTRACT

In the early stages of automotive design, designers produce a rich set of concept sketches to
develop and communicate their ideas. These sketches convey useful information regarding the
desired shape and style. However, creating a 3D digital model consistent with the sketch is a
laborious process with existing CAD tools. This shortcoming limits most conceptual explorations to
2D, leaving the designer with little or no means to realize their ideas in 3D. To address this
challenge, this work presents a new method that helps car designers transform their 2D concept
sketches into 3D geometry using simple, interactive techniques. At the heart of our approach is an
optimization-based shape deformation algorithm that takes as input a set of fiducial points marked
by the user on the sketch. The proposed algorithm first aligns, and then deforms, an underlying
template model until its fiducial nodes match those marked in the sketch. Next, the designer
refines the template model by tracing the car’s key character lines on the sketch. Finally, using the
newly shaped template model as a substrate, the designer can explore different styling ideas by
sketching and modifying 3D curves directly on the template. We demonstrate the effectiveness of
our approach on several examples.
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1. INTRODUCTION
In car industry, designers place huge emphasis on concept development and styling activities as the decisions made
during these stages are key to the product’s success. Most commonly, designers produce a multitude of rough sketches
early in the design process as a way to explore different shapes and styles. While it would be desirable to seamlessly
study a developing concept in 3D, the high fidelity, complex nature of existing 3D modeling tools typically precludes
the use of such media early in the design. As a result, designers are restricted to 2D media for most of their early
creative activities. Due to the significant effort and expertise required for 3D modeling, only a few select candidate
concepts will typically pass to the next stage, while many others are prematurely abandoned.

The goal of this work is to improve current practice by helping the designer rapidly realize a 2D sketch in 3D and
interact with the resulting geometry, without the need for complex modeling skills. With the proposed approach, we
hope to enable 3D conceptual exploration early in the design cycle where constructing and interacting with the 3D
model is, ideally, as easy as drawing on paper.

To this end, we describe an interactive, sketch-based shape construction method for fluid 2D to 3D transformation.
Our approach is based on a three-stage modeling framework that facilitates a rapid construction of a coarse 3D
geometry followed by a progressive, sketch-based refinement. In the first stage, the user marks a set of fiducial points
on the sketch. Using the fiducial points, our method first aligns an underlying template model with the sketch using a



Computer-Aided Design & Applications, 5(6), 2008, 867-876

868

camera calibration algorithm. Next, an optimization algorithm deforms the template in 3D until the projection of its
fiducial nodes match the fiducial points marked by the user. In the second stage, the user refines the template by
tracing the car’s key character lines. Input strokes modify the edges and surface patches of the template. At the end of
this stage, the user obtains a smooth 3D surface model (devoid of details) that matches the car depicted in the sketch.
This surface model is then used as a substrate for the final stage where the designer sketches further styling curves
directly onto the model.

Previously, we have presented two methods for sketch-based 3D styling that are similar in spirit to present work. In the
first approach [8], the designer imports a wireframe template and modifies its edges by tracing the sketch. Due to the
specificity of the template, however, the designer is limited to creating stylistic variations of the initial wireframe. In the
second approach [9], the designer uses an existing surface model on which 3D curves can be sketched and modified.
While that approach is suitable for the design of a variety of industrial products, the requirements of automotive design
precludes the use of a single generic surface model. This work advances our previous approaches by enabling car
designers to rapidly create working surface models consistent with their paper sketches. This ability facilitates a fluid
realization and exploration of styling ideas in 3D.

A few recent systems have also considered incorporating sketches or sketch-based interaction, directly into the
automotive design environment [2,11,12]. However, these methods are either (1) not concerned with creating 3D
geometry, (2) place severe restrictions on the nature of the sketches that can be utilized (such as requiring 3-plane
orthographic renditions), or (3) are limited to highly specific topology thus restricting conceptual freedom. A variety of
related sketch-based modeling systems such as [5,13,16,18], on the other hand, are currently not well-suited to
address the unique requirements of conceptual automotive design. Next section provides a more detailed study of
existing technology.

2. RELATED WORK
Sketch-based 3D modeling has begun to receive significant attention in recent years. The key difficulty of interpreting
3D information from 2D input has forced researchers to devise a variety of different techniques. Nealen et al. [5]
describe a system for creating freeform surfaces based on sketched curves. Input curves collectively serve as a control
network that constrain an interpolating surface. Various modeling operations such as sketching, pulling and rubbing
help users modify the initial geometry. Earlier works such as [13,14] are similar in spirit. Such systems are geared
toward creating organic shapes such as animation characters and hence do not readily meet the demands of
automotive industry. In gesture-based techniques such as [19], designers' strokes are used primarily for creating shape
primitives. While such approaches allow a fast construction of the geometry, they are most useful for constructing
rectilinear models with minimal curved edges and surfaces. Line-labeling approaches such as [15] attempt to create the
most plausible 3D shape from a 2D sketch of its wireframe. The utility of these techniques in aesthetic shape design is
currently limited due to the assumption of linear lines, making the techniques more suitable for engineering-type
geometries. Works such as [6] offer very intuitive methods to edit and detail existing surface models. However, these
approaches are most suitable for detail design where the rough shape already exists. Tsang et al. [7] present an image-
guided sketching system that uses existing images for shape construction. Users create 3D wireframe models by tracing
2D profiles on images that reside on orthonormal construction planes. While their work is similar to ours in the way
existing images are used, their approach relies primarily on the use of top, side and front construction planes as
opposed to an arbitrary viewpoint. The arbitrary-viewpoint sketching nature of our system on the other hand provides
enhanced flexibility to the designer. A number of template based methods for shape creation have also been proposed.
In these systems, the desired form is obtained by deforming an underlying 3D template. Mitani et al. [16] for instance
use a six-faced topological template for interpretation. The nature of the template, however, limits the scope of the
method to objects topologically equivalent to a cube. For automotive industry specifically, Kokai et al. [12] describe a
template-based modeling framework in which the user deforms an existing wireframe template through point selection
and displacement. However, the detailed nature of the template and interaction mechanisms limits the output to a
single topology and style, rather than facilitating a creative concept development process. Several other novel
approaches targeting automotive industry have been proposed [2,11,17]. While these systems offer alternative
modeling paradigms, they are not directly concerned with the shape-from-sketch problem addressed herein.

3. USER INTERACTION AND OVERVIEW
Our system is best used on a stylus-enabled digitizing tablet such as a Tablet PC or a WACOM tablet. Fig.1 illustrates
the design process. At the heart of our approach is a 3D surface template that embodies a set of fiducial nodes and a
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set of connecting edges (Fig. 1a). The template model has been designed to embody the major surfaces of a car body
in the simplest, most abstract fashion. Aside from the overall shape that characterizes the class of the car (e.g., sedan
vs. hatchback), the template is devoid of stylistic articulations that could later interfere with conceptual freedom.

Fig. 1: Design process.
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4.3 Edge Representation and Manipulation
The interface for edge modification is similar in spirit to our minimum-surprise 3D curve manipulation technique
described in [8]. In this work, however, we use cubic splines as the base representation of our edges. Each edge is
described in terms of its two end points and two corresponding tangent vectors. To modify an edge, the designer
sketches the desired shape of the curve near the intended edge. Based on 2D proximity in the image plane, our system
first identifies the target edge to be manipulated. Next, an infinite virtual surface S originating from the eye, passing
through designer’s strokes, and extending into the 3D space is constructed. This surface lies directly under the input
strokes and is thus not visible from the current viewpoint.

Fig. 2: Edge modification.

The new edge is expected to lie on S while maintaining the two end points fixed. For this, we use a four-point cubic
Hermite interpolation method [3]. We compute two interior edge points at parametric coordinates u=1/3 and 2/3
(u:{0,…,1}) and project them onto S. The original end points and the two newly computed interior points define the
new shape of the edge. The resulting cubic edge minimizes the deviation from the original edge due to the projection
onto S. In most cases, this choice offers a reasonable solution to the inherently ill-defined problem of computing a 3D
curve from 2D input. If necessary, the user may modify the edge from other viewpoints until the desired shape is
achieved.

Fig. 3: (a) Examples of connected edges (highlighted with a unique color) that form G1 continuity. (b) Top:
Modification to the left edge imposes significant changes to the neighboring right edge in an attempt to preserve G1
continuity. Bottom: This influence is attenuated by allowing the user to manually pick the tangent vector of the right
edge and reduce its magnitude via dragging.


