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ABSTRACT

In this paper we present an extended approach for stroke oversketching. The stroke oversketching technique
changes a curve by redrawing parts of it. Finding the part to replace and smoothing the transition is done auto-
matically. Our extension to oversketching constraints the change of the curve to one single side profile leaving the
other side profiles of the curve unchanged. Additionally we present the advantage of using this approach in car de-

sign following the classic four-side-view drawing approach.

Splines, Line and Curve Generation, Interaction techniques, Virtual reality

1. Introduction

Most designers nowadays still prefer to work with pen and
paper. This is due to the fact that on one hand these are the
tools they were educated with and on the other hand they
are the most intuitive ones. To persuade a designer to use a
computer system instead, the hard- and software interface
should be similarly intuitive and make use of their trained
skills.

Unfortunately Computer Aided Styling (CAS) software is
in general not simple to use for designers but requires long
adaptation training and an understanding of the math be-
hind the geometries to modify curves and surfaces. Be-
cause strokes are usually represented as Bezier Splines, the
user has to manipulate the control points to change the
curve.

When using a pen as an input device it is much more ap-
propriate to simply redraw parts of curves to refine them.
The technique, which allows doing this, is called over-
sketching (figure 1). This interaction is very close to the
sketching behaviour of designers on paper. In a sketch a
curve is usually defined by a bundle of oversketched
strokes. In our immersive design and modelling system
SketchAR, developed within a European research project
called SmartSketches, it is possible to define drawing
planes cutting a model in any position and project them on
the tabletop of the virtual table, the model is displayed on.
In this way, designers are able to draw on the tabletop such
as on a sketching board and use the technique of over-
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Figure 1: Example of oversketching.
a) scaling factor 0.5 b) scaling factor 1

In this paper an approach to do oversketching in 3d space
is presented. As input device the optically tracked Cyber-
stilo [GKS*04] is used in a semi-immersive setup. The
Cyberstilo is wireless and is used as easily as a pencil.
Strokes are drawn directly in 3d space and the oversketch-
ing refines all 3 dimensions.

Because precise visual perception and hand interaction of
the dimension faced away from the viewers eyes
[FMR*03] is difficult to achieve, we extended our over-
sketching to constrain the changes to the two better con-
trollable and visible axis from the user’s viewpoint, with-
out changing the profile of the third one. Please note that in
this way the dimensions (two of the three base virtual co-
ordinate system axis) chosen to constraint oversketching
depend on the user’s actual viewpoint. This form of con-
straint oversketching can also be used with 2d input de-
vices like tablet PCs to define 3d curves from different
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2. Related work

Creating geometric Spline curves in real-time from direct
user input was first described in [BC1990].

Since then there were several systems with stroke input in
2d and 3d. A list of systems for direct 3d input can be
found in [FBS*04].

[FB93] were the first to describe constraint modification
of mathematic curves. The properties to modify the curve
at a designated point include position, tangency and curva-
ture while constraining one ore more of the curve’s deriva-
tives at one or more selected parametric points.

Oversketching itself was first presented in [Bau94].
Baudel used a Wacom graphics tablet to sketch and over-
sketch curves. In the described approach first the replace-
ment interval is located and then the new curve is cut in-
side with a linear transition interval to smoothen cutting
points.

In [GA98] a framework for modification of curves with
different representations is presented. Within it, there is a
short discussion about modification tools including over-
sketching, which is mainly a reference to [Bau94].

[ZCGI8] describe an approach to modify a NURBS-curve
by a sculpturing tool. The tool profile is defined by a
NURBS-curve and manipulation is done by replacing the
control points of the original curve with the sculpture pro-
file inside a defined modification interval.

A technique to modify a 3d curve without changing the
shape from the current camera position is presented in
[CMZ*99]. Their approach is to modify a 3d curve with a
2d interface by sketching an additional shadow to the
curve. The curve and the shadow can be further refined
using oversketching similar to [Bau94].

Oversketching in an immersive environment was pre-
sented in [BLO3]. After finding the oversketch influence
interval the replacement is done based on control points.
For smoother transition on the cut points they calculate the
transition interval length based on the curves’ parametric
values but the transition function itself is not further ex-
plained.

3. Overview

Our oversketching implementation is integrated in the
immersive modelling and design system SketchAR, which
is being developed at our department. Details about the set-
up can be found in [FAS*02] [FBS*04]. The 3d data input
for the curve creation comes from an optical tracking sys-
tem [ART] using the Cyberstilo [GKS*04] a 3d input de-
vice used similar to a pen. When the user moves the Cy-
berstilo the tracker delivers continuous data on the pen
position. For computational geometry the software depends
on the CAD library ACIS [ACIS]. Although our software
works with mathematic geometries, our 3d oversketching
approach uses discrete curve points. Converting from
Splines to discrete curves and vice versa is done by ACIS,
the mathematical background can be found in [PT95].

A brief description of our oversketching method has al-
ready been given in [FBS*04]. There two different ap-
proaches of oversketching are discussed: merging the
curves by replacing the control points and merging by re-
placing the curves’ sample points. Here we discuss the
method of replacing the sample points in more detail. Later
we extend the idea to constraint oversketching.

3.1 3D-Oversketching

In the first step of oversketching the user has to select a
destination curve Cy for the modification. Because over-
sketching is done in 3d, the user has to use a 3d output
device, which allows him to see the curve floating in 3d
space. Using the Cyberstilo the user sketches a new curve
C, near the part of the destination curve he wants to
change. The algorithm then creates the resulting curve C,
by substituting the oversketched part of Cy4 with C,,.

stroke

Figure 2: Finding the replacement interval.

The first step of the oversketching algorithm is to find the
segment that is substituted with C,. Because of the curve is
represented as a sequence of points the curves are defined
as:

Ci = (x0,21,...,%)
C =(yo,y1,..., )
C - (ror,...r.)

For the correctness of the algorithm it is required that the
points are equidistant. As seen in figure 2 the segment start
xs and segment end X, is found by finding the minimum
distance between x; and y, and y,,, (j=0,..,n):

X, = min( ),j=0,..,n

),j=0,.,n

X/—yo

X. =min(|x; — yn

The resulting modified curve then contains the points:
Cr = (X0yeus Xs 1y Vgery Viry Xe + 1500y Xn)

If the segment is simply replaced, there might appear hard
breaks in the curve at the edges X,.1, Yo and yu, Xe+;. TO
avoid that, the curve is smoothened in a transition interval
as described in the next chapter.
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3.2 User Customizable Parameters

The oversketching algorithm can be influenced by two
parameters to give the user more control over the results:

e  scaling factor
e transition interval size

The scaling factor is defined from 0 to 1. It weighs the
influence of C, on Cq4. That means: If the scaling factor is 0
the destination curve will not be modified and if the scaling
factor is 1 the resulting curve will follow exactly the over-
sketch curve in the replacement interval.

Because the number of points of the replacement interval
and the oversketch curve usually are not equal, we do the
scaling for the points yy,..,y,, scaled from linear interpo-
lated points ig,..,i from Cgy inside the replacement interval,
where k=m, iy=x, and i,=x.. Be I=e-s the number of points
in the replacement interval of Cy. Usually [ # m , there-
fore for each x, we have to find an interpolated point i; on
Cq as the scaling origin. i; lies between two points [Xy,Xy+1]

on the replacement interval, where § < W < €. Now:
m
wr = trunc(t—)
n
and the interpolation factor is inside [Xy,Xy+1]

m
Vi=t—— Wt
n
All i; are then calculated the following way:

iz:.XS+w'z+(XS+Wr+1—XS+Wz)*Vt

Now every y, has a corresponding i; and the scaling factor
can be applied:

rs+o=1li+scale* (yi—ir).

The schema of how to calculate one scaled point is shown
in figure 3.

Xe
Figure 3: Scaling of the oversketch

For smoother transitions on the edges of the replacement
interval we define a transition function and interval. The
smoothing only affects parts of the destination curve Cq4
before and after the replacement interval, C, is not influ-
enced. The interval size is defined by number of points
affected before and after the replacement and is influenced
by a user parameter value V,=[0..1].

The number of influenced points then is:

and the transition interval:

Tstare =[is1..de1] with Is1 = Xs —1-1, le1 = Xs -1
Tlena = [isz..iez] with Is2 = Xe+1, lex=Xe+1+1
whereas

isn=0if s—1-7<0

lo=nif e+1+1>n

The transition interval is depicted in figure 4.
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Figure 4: Transition interval calculation

The smoothening in the transition interval is done using
the sinus-function. Using a sinus instead of a linear transi-
tion produces a more natural looking transition. Using
other transition function might be even more suitable, but
this has not been the scope of our research yet. The used
transition function is as follows:

trans(t) =0.5*sin(¢ +0.5*7)+0.5

The function range of trans(x) is {0,1} which has to be
applied to the destination interval points. The smooth vec-
tor for each point i; in the transition interval is then:

Vsmoorh(t) = (Yo — Xs) * trans(t)
Applied to the interval points results in:

X(t) = X(t) + V.vmooth(t)

4. Constraint Oversketching

The oversketching method described in the previous chap-

ter allows oversketching the curve in all three dimensions
directly, when applied in an immersive environment using
direct 3d input devices. The here presented extension to the
idea of oversketching adds accuracy by constraining the
changes to two coordinates. To perform a constraint over-
sketch the user has to choose a 2d orthographic view of the
profile he intends to change. For example in figure 5 the
oversketch is done on the xy-plane. The modification of
the curve is now constraint in a way, that the original pro-
file from the xz-plane is not changed.
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Figure 5: Constraint oversketching principle

The implementation approach of the constraint over-
sketching is very straightforward and makes use of the
CAD library ACIS. In contrast to the technique presented
before, the curves need to be represented as B-Splines.
Conversion from point sets to B-Splines is also achieved
using the CAD library. To combine the oversketch curve
with the destination curve the destination curve is extruded
to a surface. The extrude path has to be parallel to the con-
straint plane and can either be vertical or horizontal, as
seen in figure 6.

curve extrusion

horizontal extrusion
surface

destination curve

vertical extrusion
surface

Figure 6: Two possible curve extrusions

The selection between vertical and horizontal is done by
the user, by this he selects which side profile stays un-
changed.

After the extrusion the oversketch curve is projected on
the surface. This projection is then the constraint over-
sketch result.

5. Application Example

The development of our immersive modelling application
is guided by designers from the automobile industry. The

concept of constraint oversketched evolved from the analy-
sis of the work process in automobile design. In the com-
mon process the design studies start with perspective
sketches on paper. After choosing a favourite design from
the sketches the car the designer creates technical four side
drawings. These drawings give a detailed 2d view of the
side, top, front and rear view of the car model.

These drawings then serve as blue print for a CAD engi-
neer inside his CAD/CAS software, where he has to create
the 3d curves that match these drawings from all sides.

Using the proposed constraint oversketching technique
this task can be performed much more easily. An example
sequence is shown in figure 7 and shows the following
steps:

e  The user starts with sketching a curve of the
hood in side view.

e  He switches to top view.

e  He makes an oversketch defining the side part of
the hood.

e The resulting oversketched curve is created.

e The user switches back to 3D view to see the re-
sult.
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Figure 7: Example of constraint oversketching
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6. Future work

In this paper we presented an extension to oversketching
to do modifications on the curve without changing another
side profile.

Although the presented method already produces good
results for certain curves it will fail for others. For example
curves having loops cannot be processed correctly.

Furthermore the user still has to specify the direction, the
curve will be extruded to a surface. This necessary specifi-
cation is not very intuitive for the original goal to create a
tool for designers without a mathematics background.

The original intent of our research is modelling in immer-
sive environments. Although the constraint oversketching
runs in our environment, it is still necessary to switch to a
2d view. We therefore intend to extend the constraint over-
sketching, by finding the 2d side plane for the algorithm
automatically by evaluation of the camera view and up
vector without actually switching to a 2d view mode.

Another important task for the future is to accomplish a
comprehensive user test of the oversketching technique.
The system has already been used by automotive designers
but no tests where carried out that give reliably statements
about usability and practicability or time advantages when
compared to other techniques.
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