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Abstract. We present a sketch interpreter system with shading and cross section
lines for 3D freeform design. The input strokes are classified into three types:
outlines (contour lines), shading lines and cross section lines. The outline is used
to generate the basic rounded shape. The shading lines and cross section lines
are used as control lines that are drawn inside the contour to modify the 3D
shape. In order to effectively extract 3D information from the shading and cross
section lines, we analyze different representations and deformations of the shading
and cross section lines and classify them into three cases: convex, concave and
‘upheaving’. Each deformation is drawn by hand and transferred to a 3D shape
according to the rules proposed in this paper. We evaluate our sketch interpreter
system for various objects from concept sketches and present our results.
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1. Introduction

Although it has become common to use CAD/CAM systems to increase the efficiency of the
industrial design process, traditional sketching is often more efficient in the early stages of
concept design. Since it is difficult to design a CAD system that is capable of creating 3D
objects directly from concept sketches due to ambiguous information, sketch systems [1–11]
have recently been introduced that bridge the gap between concept design and computer-
based modeling programs. These combine some of the features of pencil-and-paper sketching
and some of the features of CAD systems in order to provide a lightweight, gesture-based
interface to “approximate” 3D polyhedral modeling.

Concept sketching is a pre-design process used by designers. It is used to draw the
contours of products on paper by using a pencil in a step-by-step fashion. In order to achieve
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3D shapes, it is necessary to be able to recognize the required shapes from the concept sketch.
Several CAD systems can now exhibit the object models created by the designers realistically,
but these advanced 3D CAD systems demand precise data about the 3D object, especially
in the steps where the data is input and in creating free-form surfaces. It can be impossible,
or at least very difficult, for designers to use these systems to realize their ideas from their
original sketches. It has now become a major research area to examine ways of increasing the
flexibility of 3D data input techniques for CAD systems.

This paper extends these ideas to propose a sketch interpreter system for designing 3D
freeform objects. The essential idea is the use of the freeform stroke as an expressive design
tool. Freeform strokes can be classified into one of three types: outlines (contour lines),
shading lines and cross section lines. Outlines are used along with shading lines to generate
the basic rounded 3D shapes. Shading lines and cross section lines are then used as control
lines, and are drawn inside the contour in order to modify the basic 3D shape. The modeling
procedure is as follows:

• we first draw a 2D outline with shading lines to specify the silhouette of an object, and
the system then automatically constructs a basic 3D polygonal shape.

• We then modify the generated 3D shape by drawing the control lines and surface pattern
lines.

• Finally, we reconstruct a new polygonal mesh.

By using our technique, even first-time users can create simple yet expressive 3D models
within minutes.

Our system is designed for the rapid construction of approximate models, not for the
careful editing of precise models. A 3D loudspeaker model designed using our proposed
system is shown in Fig. 1.

Figure 1: A loudspeaker designed using our sketch system
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2. Sketch analysis

2.1. Analyze the elements of the concept sketch

In this section, we extract the primary elements from the concept sketch. The sketch in Fig. 2
shows a voice recorder that has been drawn by a designer. We can regard it as being made
up of five main parts, as follows:

• An outline of the basic shape.

• The shading lines on the bottom-left.

• The contour with cross section lines on the top-right.

• The contours with shading lines in the center.

• The surface pattern lines in the upper-center.
These can be further classified into four chief elements:

Outline, Shading Lines, Cross Section Lines, and Surface Pattern Lines.

Here, the surface pattern lines are directly mapped onto the final surface; this can be achieved
by transferring the 2D lines onto the 3D surface. The contours, together with shading lines
and the cross section lines, are used for calculating the 3D information.

In this paper, we attempt to add information about shading and cross section lines to a
sketch system in order to control a 3D shape. Therefore, in the next two sections, we will
begin by analyzing various representations of shading and cross section lines.

Figure 2: Sketch elements analysis

2.2. Analyze representations of shading

In this section, we will show representations of shading by analyzing the lighting conditions
and its expressive effects.

1. Lighting conditions:

In order to analyze the effects of lighting conditions, we have investigated many concept
sketches produced by designers. Referring to Fig. 3, in most cases it is convenient to
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select parallel lighting and to suppose that it is located in the top-left position, with a
45 degree angle of incidence.

2. Different representations of shading:

In general, the effect of lighting can be classified into one of three cases: bright, grey and
shadow. We can roughly visualize a 3D shape by referring to the different brightness
that appears on each face. In our research, we mainly use shading for two interpretations
of processing. For the first case, it is used to generate the basic 3D shape, right from the
initial step. The shading lines can be regarded as a parameter that is used to visualize
the roundness of an ellipse, and this will be discussed in later sections. For the second
case, it is used as a control line, together with the cross section lines, in order to modify
the 3D shape. Representations of these control lines can be further classified into three
cases: convex, concave, upheaving.

Figure 3: Representations of shading

2.3. Analyze cross section lines

Here we propose cross section lines as an interactive editing tool. They are drawn on the 2D
plane and mapped onto the local area of the surface. The local mesh is modified by extracting
the 3D depth value from the cross section lines.

1. Draw the cross section lines on the 3D shape.
Referring to Fig. 4, we suppose that the cross section lines are orthogonal to each other
in 3D space. In general, we only draw them on the local area of a 3D shape that needs
to be modified.

2. Effective representation of the cross section lines.
We classify the cross section lines into two types: main cross section lines and subordi-
nate cross section lines. By drawing cross section lines on the surface of a generated 3D
shape, we can first visualize and calculate the depth values, and then modify the local
3D mesh by transferring this information to the 3D shape.

3. Sketch modeling and algorithm

In this section, we will introduce our interpreter system that uses shading and cross section
lines. We use a tablet LCD as the input device. The procedures used in the sketch modeling
process can be described as follows:

1. Input the sketch with outline and shading lines.

2. Analyze the shading lines.



K. Kondo et al.: A Sketch Interpreter System with Shading and Cross Section Lines 181

Figure 4: Cross section lines

3. Create the basic 3D shape.

4. Modify the generated 3D shape by drawing shading lines, cross section lines, or surface
pattern lines.

5. Render the generated shape.

3.1. Create the basic 3D shape

In our research, we extend Teddy’s [2] algorithm to create a sketching interpreter system with
shading and cross section lines for designing freeform 3D objects.

When using Teddy’s algorithm, we first create a closed planar polygon by connecting
the start-point and the end-point of the stroke, and then determine the spine or axes of the
polygon by using the chordal axis process. Next, we elevate the vertices of the spine by an
amount proportional to their distance from the polygon, and finally we construct a polygonal
mesh by wrapping the spine and the polygon in such a way that the sections form ovals.
Here, each vertex of the spine is elevated proportionally to the average distance between the
vertex and any external vertices that are directly connected to the vertex, and each section
is calculated from the standard oval equation, so we cannot control information about the z-
value of the generated shape. In the 3D shading sketch system [5], there are many limitations
regarding the closeness of input curves.

In our system, we change the wrapping and the extrusion rule in order to control the
generated shape. In Teddy’s [2] algorithm, after elevating the vertices of the core curve, an
oval function is used to elevate the surface of the shape. In this work we attempt to modify
this function by associating it with the shading analysis result. In this way, we can control
the 3D shape through the shading lines. The modified wrapping function is described below:

r =
ab√

a2 sinc
θ + b2 cos2 θ

Here, a represents the horizontal radius, and b is the vertical radius. We modify the tradi-
tional oval function by adding a new parameter c. In the next section, we will introduce the
relationship between this function and the shading analysis results.



182 K. Kondo et al.: A Sketch Interpreter System with Shading and Cross Section Lines

3.2. Analyze the shading

We suppose that the angle of incidence equals 45 degrees from the top-left direction. Referring
to Fig. 5, by considering the gravity of the cross sections through the X-axis and the Y -axis
directions, we can calculate the two intersection points. We can then calculate the areas of
these two sections, as shown in Fig. 5. The number of vertices in these two areas determines
the concentration of the shading, as shown in Fig. 5 (right). Finally, we calculate the ratio of
these two numbers; this is then used as a parameter for controlling the generated 3D shape.

Figure 5: Analysis of shading

Here, we show an example in which our method is compared with a previous method.
Fig. 6 is a previous result for modeling an oval object. Fig. 7 shows our result, with a low
concentration of shading. Fig. 8 was generated by using our method with a high concentration
of shading.

4. Deformation

In this section, we will discuss the deformation operation on the rough 3D shape that was
generated. We propose two ways of carrying out this process. The first method is to use
a contour line with shading. By drawing shading inside the contour, we can achieve the
following deformation effects: Convex, Concave and Upheaving. The second method involves
the use of a contour with cross section lines, with which we can achieve a convex deformation
effect by drawing cross section lines inside the contour.

4.1. Deformation using shading

We suppose that the angle of incidence equals 45 degrees from the top-left direction. The
different ways of drawing the shading equate to different deformations:

1. Referring to Fig. 9, if we draw the shading lines in the top-left segment of the contour,
we can achieve a concave deformation effect.

2. Referring to Fig. 10, if we draw the shading lines in the right-bottom segment of the
contour, we can achieve a convex deformation effect.

3. Referring to Fig. 11, if we draw the shading lines outside the contour, we can achieve
an upheaving deformation effect.
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Figure 6: Example of a previous method

Figure 7: Example of our proposed method with wide bright shading

Figure 8: Example of our proposed method with darker, narrower shading

4.2. Deformation by using cross section lines

Cross section lines provide very useful information for a concept sketch. In our research, we
propose a simple way of obtaining a convex deformation effect by drawing cross section lines
inside a contour. The procedure for this is as follows: for the generated 3D shape, we first
decide which area should be modified, and draw a contour on that area. We then draw several
cross section lines based on the rules that we proposed previously. Finally, we reconstruct a
polygonal mesh by using the linear interpolation process. The rules for this process can be
described as follows:

Referring to Fig. 12(a), we suppose that the lines (A,B), (C,D) and (E,F ) that connect
the starting points A,C,E and the end points B,D, F of the cross section lines are perpen-
dicular to each other. We first calculate the line segments, as shown in Fig. 12(b), and we
then evaluate the depth of the vertices in these line segments. Referring to Fig. 12(c), from
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(a) (b) (c)

Figure 9: Concave deformation

(a) (b) (c)

Figure 10: Convex deformation

each vertex in the cross section line segments, we calculate the point perpendicular to the line
that connects the starting point and the end point of the cross section lines. The distance
between the vertex and the perpendicular point is considered to be the depth of the vertex.

In the next step, we evaluate the normal of the vertices in the cross section lines. Referring
to Fig. 13, we first construct a 1-lever narrow face loop (a) inside the contour, and then
calculate the normal of each face; the average normal (b) of these vectors is regarded as the
basic normal, and we set this as the normal of each vertex (c) in the cross section lines.

Finally, using the depth value and normal of each vertex, we calculate a new vertex for
each vertex in the cross section lines. After obtaining these 3D vertices in the local area, we
reconstruct a local mesh by using the linear interpolation method.

(a) (b) (c)

Figure 11: Upheaving deformation
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(a) (b) (c)

Figure 12: Evaluation of the depth of the cross section line segments

(a) (b) (c)

Figure 13: Evaluation of the normal

Here, we show an example of this process in Fig. 14. Fig. 14(a) shows the input cross
section lines on the basic 3D shape. Fig. 14(b) shows the new generated 3D shape. Fig. 14(c)
shows a rotated view of the generated 3D shape.

(a) (b) (c)

Figure 14: Deformation by using cross section lines

5. Examples

We will now show two examples for modeling a loudspeaker and a voice recorder using our
sketch system.

Fig. 15 shows a loudspeaker designed using our system by applying shading lines. Fig. 15(a)
is an input sketch with shading lines. Fig. 15(b) is the generated basic 3D shape. Figs. 15(c)
and 15(e) are the 3D shapes after drawing the contour and shading lines. Figs. 15(d) and
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(a) Input sketch with shading (b) Generate 3D shape

(c) Draw contour with shading lines (d) deformation

(e) Draw contour with shading lines (f) deformation

(g, h) Rotate the generated 3D shape

Figure 15: A loudspeaker shape designed by our sketch system
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(a) Input sketch with shading (b) Generate 3D shape

(c) Draw contour with shading lines (d) Deformation

(e) Draw cross section lines (f) Convex deformation

(g, h) Rotate the generated 3D shape

Figure 16: A voice recorder shape designed by our sketch system
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15(f) are the 3D shapes after the deformation process with shading. Figs. 15(g) and 15(h)
are rotated views of the final generated 3D shape.

Fig. 16 shows the other example, in which we designed a voice recorder by using our
system. Fig. 16(a) is the input sketch with shading lines. Fig. 16(b) is the generated 3D
shape with the surface pattern lines. Fig. 16(c) is the 3D shape after drawing the contour and
shading lines on its surface. Fig. 16(d) is the generated 3D shape after concave deformation.
Fig. 16(e) is the 3D shape after drawing cross section lines on it. Fig. 16(f) is the generated 3D
shape after convex deformation. Figs. 16(g) and 16(h) are rotated views of the final generated
3D shape.

6. Conclusions

The purpose of our research work is to propose a sketch interpreter system that makes use
of shading and cross section lines. The shading is used in the extrusion process for detailed
control of the basic surfaces that are created. Also, the shading lines and cross section lines are
used to modify the local meshes of the surfaces. The algorithms and implementation are robust
and efficient enough for experimental use. Because shading and cross section lines are natural
information for concept sketches, designers can quickly evaluate their ideas for designing a
new object. Future works will consider ways of enhancing the extrusion algorithm to allow
designers to create more detailed surfaces and to use other surface construction techniques
such as NURBS or implicit mesh construction methods.
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