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Abstract—Geometric Modeling is a widely studied area in
computer graphics and methods for constructing 3D models
with intuitive interfaces are a topic that has been attracting
the interest of many researches. In contrast to the complicated
interfaces of modeling softwares, created using the WIMP
paradigm (Window, Icon, Menu, Pointer), several studies have
shown applications with interfaces based on gestures, which
are simpler and more natural. In this scenario, the area of
Sketch-Based Interfaces and Modeling (SBIM) emerged.

Sketch is a very efficient tool to convey the essence of an
object with few strokes, because humans have the ability of
inferring 3D models from 2D drawings. However, associating
a sketch to a 3D model is not a computationally trivial task.
In this paper we present a conceptualization of the area,
highlighting opportunities, challenges and trends in SBIM.

Keywords-Sketch-based Interfaces and Modeling; 3D Mod-
eling; Modeling Applications Design;

I. INTRODUCTION

The work on geometric modeling of graphic objects
gained prominence in the 1960s and 1970s, in auto plants
in Europe. For a long time, the modeling softwares were
mainly used in engineering contexts generating accurate
models to specify the geometry of an object that would be
manufactured. Some examples of this modeling software are
AutoCAD and SolidWorks.

Over time, besides the engineers, 3D modeling softwares
have been used by architects, designers and artists in general,
who modeled objects for animations, games, architectural
sketches, clothing, scenarios, etc. In such cases, the aim of
modeling was no longer accurate specifications. The goal
was to communicate, conveying the essence of the object
forms, without necessarily high geometric accuracy. This is
the purpose of softwares like Maya and Blender.

The softwares mentioned so far were developed using the
WIMP paradigm (Window, Icon, Menu, Pointer). They are
powerful and accurate, but they have complicated interfaces
which increase the learning time and make them difficult
to use. The new purpose for modeling and the change of
the user profiles highlighted the need to change the building
paradigm of modeling applications. Hence, the Sketch-Based
Interfaces and Modeling (SBIM) emerged.

Sketches are excellent communication forms, allowing to
transmit an idea with only few strokes. The reason is the
human ability to understand 2D drawing by abstraction of a
3D model. We are able to recognize patterns and associate
sketches to 3D elements. So, researchers became interested

in developing methods for 3D objects modeling from user-
generated drawings. Besides using sketches in modeling, it
was also noticed that they are a good tool for interaction.
There are two central problems in developing sketch-based
tools: constructing a 3D model from 2D drawings (sketch-
based modeling) and developing an intuitive interface that
allows such a construction (sketch-based interface).

Sketch-based applications are more intuitive and natural
to the user. The first work in this line was the SketchPad
[1]. Some others, more recently are SKETCH [2], Teddy
[3], Chateau [4], ShapeShop [5] and FiberMesh [6].

As a research line, SBIM is still recent and not all
concepts and results are neither considered consensus among
researchers, nor generic enough to be used in any modeling
application. The modeling methods used in SBIM systems
have strengths and weaknesses. For now, any choice is
inextricably linked to the application purpose. The concepts
presented in this paper aim at creating a systematic formula-
tion for the area. The methods and systems discussion seek
to provide a general overview, highlighting the possibilities
of modeling objects using sketches, through an analysis of
the state of the art. Besides this work, there are other studies
that present the SBIM area [7], [8], [9].

A. Overview

In this text we will make an analysis of geometric
modeling of graphic objects using sketches. According to
Velho et al [10] geometric modeling is the area that deals
with the problem of describing structure and geometric
data in computer. A graphic object is a pair (S, f), where
S ⊂ Rm is called geometric support and f : S −→ Rn is
called attribute function. This function defines the attributes
(texture, material, etc) of elements on the geometric support.

In this text we will deal with the modeling of graphic
objects from drawings. So, we have 2D objects drawn by
the user and the 3D objects built by the system.

We will refer to the process of model specification through
drawings as sketching. The drawings made by the user
during sketching take different characterizations (Figure 1).
These characterizations lead to the proposed architecture that
will be presented in this work. This is a generic architecture
that presents the main processes essential for SBIM systems.

The sketching process begins with the user drawing on the
device. This drawing is sampled. Each sample will be called
cursor. We will call trace the cursor set that represent curves



Figure 1. Sketching process.

of the drawing. The trace representation processes will be
called Acquisition. The traces are conveniently grouped to
construct a model curve from which the system should infer
some meaning. This model will be called sketch. The sketch
composition process will be called Curve Modeling. The
sketch can be used for 3D graphic object modeling as well
as application control. In the latter case, the application
chooses the task it will execute, according to the sketch
interpretation. Finally, we will call this sketch category of
gesture. The process of creating and editing 3D graphic
object will be called Object Modeling.

In Section II we will present an analysis of the Sketch
Representation, including discussions about the acquisition
and the representation of the data, in addition to curve
modeling. In Section III we will present operations done
with sketches (control, creation and editing). Finally, in
Section IV we will present an analysis of interaction in
SBIM applications addressing devices and object interfaces.

II. SKETCH REPRESENTATION

The sketch-based modeling process begins by building a
model with curves. This construction consists in capturing
the traces and putting them together properly, making the
sketch. The capture of the trace is made from successive
measurements of the cursor attributes at different moments,
at the specific frequency of the input device. Data from
the drawing sampling often has irregular sampling and
noise. Another undesirable fact is the large number of
sampling points. Many of these points are redundant and
their presence increases the cost of processing and storage.
Thus, during the process of data acquisition, two operations
are required: filtering and fitting. Filtering consists of a
reorganization of sampled points through local analysis.
During filtering, you can space the points evenly, smooth
them, remove close points or interpolate distant points. On
the other hand, the fitting process is a global process that
consists, from an analysis of the data set, in obtaining control
points which allow the reconstruction of the original curve
(or a similar one).

Figure 2. Four Universe Paradigm for Trace Representation.

A. Acquisition

Input devices vary on the way the user can interact with
the system. Some devices capture information, beyond the
cursor position in a given time, which may be useful to
the modeling process. We can cite multiple strokes, pen
pressure and tilt, type and orientation of fiducials, etc. Thus,
the attributes represented in the cursor are directly related
to the device that will be used during the acquisition.

In addition to the captured information, there are other
acquisition aspects to be considered. The first is the sampling
frequency. The user’s drawing speed is not constant. So,
a drawn curve is more sampled in certain regions than in
others. Another important feature is the precision of the
cursor position. In some devices, such as tangible interfaces
the interaction is of low precision. In such cases, the system
may have to interpret the desired cursor position in the
specific context. An example of precision problem occurs
when the user tries to select a point on a curve, positioning
the cursor close, but not exactly on the curve. So, the
application should interpret this point as being on the curve.

We will use the Four Universe Paradigm, proposed by
Gomes and Velho [10], to outline the sketching process
(Figure 2). The user drawing made on the device (Physical
Universe) is captured from successive measurements of the
cursor’s attributes. Each cursor can be thought of as a point
x = (x1, ..., xn) ∈ Λ, where each coordinate refers to
an attribute and Λ is the Cartesian Product of n Attribute
Spaces. Thus, the trace can be seen as a continuous curve
c : I −→ Λ (Mathematical Universe). To represent this
curve computationally, we need a discrete structure able to
reconstruct the curve drawn, exactly or up to a tolerated
error. This representation can be a list T = {p1, ..., pn},
where pi = (x1, ..., xn) (Representation Universe). To
handle this trace computationally it is necessary to define a
data structure with the captured information (Implementation
Universe).

The most common representation of data from a cursor
contains location information (in the coordinates of the
window or device) at a given time. However, some devices
capture additional cursor information. Besides the captured
attributes, we can also calculate others, such as identifier,
type, speed, acceleration, etc.

We present a vectorial approach to represent a trace but,
we may want to store a trace in an image. This approach
can be used in SBIM systems that allow the user to make a
decal or edit images. This is a static representation that can



profit from existing resources in image processing, but there
are several disadvantages for modeling. First, it does not
store any temporal information. Second, it is complicated
to deform interactively the geometry of model drawn (to
change the curve’s shape it is necessary to delete what you
want to change and remake).

There are still other representations that are specific to the
procedures used in curve modeling. We can cite the models
represented by control points (perhaps with an additional
weighting parameter). The captured points of a trace may
not be appropriate a priori, because it might contain noise
or redundancy. For this purpose, there are methods for fitting
points allowing reconstruct the drawn curve (exactly or up
to a tolerated error). Moreover, problems such as noise and
redundancy can be circumvented by approaches to filtering.

Filtering can be performed not only to remove outliers
and noise but also for smoothing and spatial redistribution.
It can be performed while the user is drawing (on-line), or
after drawn (off-line).

We can divide the noise problem in two categories:
Information Noise and Device Noise. The Information Noise
occurs when the sampling is performed on an object already
with noise. In the case of sketching, this noise can occur
when the user does not have much ability to draw shapes or
to handle the device, generating an inaccurate stroke, causing
the loss of the desired form. Device Noise comes from an
inaccurate capture of the user drawing. Its causes vary from
device to device.

A simple way to reduce noise is downsample the data.
For this purpose, the most basic algorithm is to get points
from k in k. This technique is very simple to implement,
but if the sampling distribution is very irregular the result
can be unsatisfactory. One way to redistribute this points
is to define a threshold (ε) and discard the other captured
points that are within a distance of less than ε from the
previous stored ones. A problem is that the disposal does not
guarantee that the distance between two points is exactly ε.
After finishing the drawing, we can do a resampling based
on ”curvature” of the curve at each point (the quotes are
due to the fact that we are working with discrete data). You
can also determine the position of each point by the average
position of its neighbors. Besides leaving the samples more
uniform, this latter approach reduces noise. However, the
new position of the points can deform the curve drawn by
the user, generating an undesired outcome. An alternative is
to use a filter of B-spline wavelets [11] (Figure 3). Other way
to smooth the curve, removing outlier and noise, is to apply
a Gaussian, Laplacian, or some other convolution filter. The
need for noise processing highlights that the system purpose
is to model the object desired by the user, and not necessarily
what was drawn on the input device.

Typically, drawing regions with greater curvature tend
to accumulate points because these are places where users
do it more slowly, allowing the capture of a more dense

Figure 3. Filtering by B-Spline Wavelet Filter.

Figure 4. Drawing segmentation and merging

sampling. Moreover, in regions of lower curvature, the user
tends to draw faster. This is a desirable property in many
applications. If the sampling is denser than necessary, we can
apply a downsample maintaining the curvature criterion.

In addition to filtering, sometimes it is interesting to
determine some characteristics of the sketch, such as corners
(high curvature), curve regions (low curvature) and straight
regions [12]. With these features, it is possible to segment
and to merge traces conveniently [13] (Figure 4).

The methods listed are independent of the curve repre-
sentation. Moreover, there are methods that approximate the
drawn curve by a Bezier or B-Spline curve, determining
the position of the control points so that the generated
curve is a satisfactory approximation of the drawing. This
representation, besides requiring fewer control points than
those captured, reduces noise, since they are smooth curves.

B. Curve Modeling

After trace fitting, the result can contain redundant points.
Therefore, it is common fitting them with an equivalent rep-
resentation. This representation enables reconstruct the curve
from a smaller point set and it simplifies data comparisons
and interpretations. Moreover, many of these representations
are smooth (or piecewise smooth).

There are curve fitting approaches that approximate the
data by curves with sufficiently low average error. One
approach consists in locally approximating the points by
Least Square Polynomial. Other approaches use implicit
curves and variational subdivision [5]. However, the most
common approach is to use parametric curves such as B-
Splines and Bèzier curves [14].

Most modeling systems fit curves with splines, ie, piece-
wise polynomial curves or surfaces generated by control
points interpolation or approximation. Deformation and fit-
ting are issues that stand out when working with spline.

Casteljau and Bèzier developed a method for building
graphic objects of cars, engines, airplanes, etc. This method
was used in CAD systems at Renault in 1969, and Citroën
in 1962. In these systems, a curve was specified by control
points, and the deformation was done by repositioning them.



Figure 5. Geometric characteristics analyzed in the Beautification process.

Figure 6. Semantic in curve modeling.

The advent of sketch-based modeling has brought about
a systematic change in the creation and editing processes
of curves and surfaces. Instead of manipulating the control
points, a more intuitive method is sketching the object that
you want to model, and directly manipulate a point on the
curve [15] or surface [16]. This is a solution to the problem
of deformation of graphic objects.

A simple solution to fit a drawing is to consider the sample
points as the spline control points. But, if the sampling is
very dense, the reconstruction process is expensive, since the
application needs to calculate many points. Furthermore, if
the sampling is too sparse, the average error is high. Some
works [17], [18] show solutions to get a sparse set of curve
control points without increasing the average error.

The use of spline to fit curves can be a good idea because
it has good structures and geometric features. Besides rep-
resentation, another advantage regards editing. However, in
certain applications, the class of curves used may have more
structure than a spline. The process of beautification works
with an example of such a class of curve.

The beautification term was first used in the SBIM
context by Igarashi et al in 1997 [19], although some ideas
was previously shown by Sutherland in 1964 [1]. Igarashi
presented a 2D modeling system called PEGASUS. In this
system, freehand drawings are interpreted as straight line
segments based on geometric restrictions such as: connec-
tivity, parallelism, perpendicularity, congruence, symmetry
and interval equality (Figure 5).

When the user draws a line the system must decide
how to insert it into the model. However, an automatic
decision may not match the user desire, because there are
multiple insertion possibilities. So, the system can make
mistake when choose a segment between the possibilities.
An alternative is to allow the user to delete the segment
and redraw the trace. But the error may recur. Another
more reliable alternative, used in PEGASUS, is to show
the possibilities and to leave the user choose one. However,

depending on the model complexity, many candidates may
appear and the visualization of these segments would be
, because there would be many overlaps. This impair that
the user select the desired segment. One possibility is to
limit the amount of the solution candidates. A factor that
decreases the amount of candidates is to reduce the amount
of geometric features analyzed.

The PEGASUS application provides a simple user inter-
face and it also allows precise creation of some models. On
the other hand, it is limited by the straight models. Often the
models are composed of curves (non-straight). Murugappan
presented a similar work [20] that recognizes straight lines
and circular arcs (Figure 6). Although the set of primitives
of this work is larger than that reported in PEGASUS it is
still limited. Thus, we can take other representations.

In some modeling applications, the geometry of the mod-
eled object is more generic (and therefore less structured)
than the obtained with beautification. In this case, the users
desire more control over the object shape. In such cases, we
can use parametric curves (spline or polygonal) as primitive.
As the users are liable to make mistakes during construction,
it is important to offer them means to correct what is
not in accordance with they desire. One way is known as
oversketching. There are two approaches to oversketching.
In the first, the user is able to create a sketch and remake
parts that are incorrect (Figure 7a). In the second, he creates
the sketch through several small traces superimposed (Figure
7b). To avoid confusion, we call the first approach corrective
oversketching and the second oversketching in batch. These
techniques can also be called overdrawing, re-sketching, re-
drawing, overtracing, scribbling, and ”nervous hand”.

The corrective oversketching [21], [22], [23] needs to
interpret the new stroke to know what the user intention

(a) (b)

Figure 7. Oversketching.

Figure 8. Oversketching in batch.



(to add a trace in the model, or to correct the sketch). When
identified as corrective oversketching, the method must find
the point where it begins and ends. The new trace indicates
how the curve should be reparametrized.

The oversketching in batch [24], [25] is more related
to the acquisition problem. This approach was inspired by
the fact that many designers use several small curves to
draw an object. Although drawing an object through small
curves might be better for some users, this representation can
be inconvenient in many SBIM applications. In modeling,
full curves are more robust primitives. So, transforming
oversketching in batch on a curve is a necessary requirement
in some SBIM systems. The Figure 8 shows an example of
a model generated with oversketching in batch.

Pusch [24] shows how various traces received from the
device can be interpreted as a B-spline curve using Principal
Component Analysis (PCA). To use this analysis, the input
is subdivided into smaller pieces and analyzed separately.
This method ensures that the join of each piece is continuous
when the input traces have a ”continuous flow”. This occurs
because, after being subdivided, the input is ordered; in each
section a set of points are estimated, and these points, in the
order defined, are regarded as control points of a B-Spline
curve, therefore continuous.

The curve modeling methods shown are independent of
the space environment dimension. Although usually the
drawing is done by the user on a plane device, it may
be necessary to interpret the sketch as a 3D curve. A first
alternative is to define plans on the scene, called billboards,
and project the drawing on them [26], [27]. Note that, in
Figure 9a, if we change the viewpoint, we can see that
billboard objects lack volume (actually, the objects are just
an image in the scene). In Figure 9b, it was specified a
landform from a silhouette drawn on a billboard in the scene.
In the landform case, the billboard is a orthogonal plane to
the ground, passing through the first and last point of the
design. Some works [23], [28], [29] show how to interpert
the drawing as 3D curves.

The sketch construction consists in generating a represen-
tation of the trace, done by the user, and make up it with
the sketch already drawn. Thus, it is directly related to the
application purpose and which platform will be run. In either
scenario, the sketch should be interpreted to identify which
procedure will be performed on the system. This process
will be presented in the next section.

(a) (b)

Figure 9. Objects drawing in Billboards.

III. MODELING USING SKETCHES

After building the sketch, the system should interpret it
to determine which task should perform. In WIMP systems
this decision is straightforward. Every button or menu topic
performs a particular operation. However, in SBIM applica-
tions a trace can have multiple interpretations. For example,
a closed curve, around an already constructed object, can
be interpreted as part of this object. But, it can also be
interpreted as the act of selecting it, or it can be a gesture
invoking another particular system action. This ambiguity is
a difficulty for the construction of a natural system. There-
fore, similar to any software, SBIM applications will also
have a set of procedures that the user must know to interact
with the system. The goal of gesture-oriented application
development is that these specified procedures are natural to
the user, within a clear context and unambiguous.

To infer a sketch’s meaning, we should determine which
operations the system will perform and associate each of
them with a gesture. In this process, the gesture may be
followed by a mouse button or key pressed; tangible objects
placed or moved on the device; or a pre-defined system
states. These choices are specific for each application.

Although different developers can define different states
for a SBIM application the main categories are control,
creation and editing. The first relates to user interaction.
It is usually responsible for interpreting the sketch and
determining the next application state. The latter two can
be subdivided into different states. For example, a system
may have more than one form of constructing or editing the
object. In the next section, we will explain how to control
the system through gestures, and in subsequent sections, we
will present some methods for creation and editing of objects
from sketches. There are other papers [7], [8], [9] with more
information on modeling techniques based on Sketches.

A. Control

Every application needs a component that manages IO
and its relationship with the model. A control approach, in
software engineering context, is the Model-View-Controller
pattern [30]. In this context, the controller defines how the
graphical interface reacts to the user input. In SBIM systems,
we have the same need. We need to define how the sketch
interferes with modeling and visualization of the graphic
object. This action can be creation or editing. We can make
a weak analogy between the Sketch Interpreter and the
Controller. Both have the role of to monitor the application
(to decide how to handle the model based on input data).

Figure 10. Gestures examples.



Figure 11. Magic Canvas, an examples of Template Retrieval Systems.

(a) (b) (c)

Figure 12. Objects contours.

In gesture-oriented application, controlling means to de-
cide which operation should be performed by each gesture. It
is necessary to define a gesture vocabulary, ie, a mapping be-
tween gestures and operations. The decision of which action
should be performed is a specifc task of each application.
This may be complex because a gesture can be ambiguous,
ie, it may be related to more than one operation. Moreover,
to make this decision, it is necessary to interpret the gesture,
ie, to recognize the shape of the gesture.

Regarding the ambiguity problem of the gestures, an
alternative is defining application states or modes. Some
possible states to the SBIM application are creation, editing
(deformation, add detail, painting, etc), camera control,
affine transformations, etc. Thus, every gesture would have a
specific context according to application state. Another way
to solve ambiguity problem of gestures is to allow the user
to specify what action should be performed. This decision
must be made among the options of possible operations.
The user can know these options beforehand or these can
be displayed after the gesture be completed.

Some works [31], [32], [33] shows methods to recognize
some examples of gestures (Figure 10). The gesture inter-
pretation consists of a systematic process of defining sketch
features and associating them with a particular operation.
This interpretation can be done through some technique of
Computational Intelligence, or through a geometric analysis
of the curve defined by the gesture.

An example of application whose the main form of control
consists of gestures is Teddy [3]. In this application buttons
are only used to perform operations such as starting a
drawing, undo an operation, bend an object and save. There
are not menus or other widgets commonly used in WIMP
systems in this application. The control is basically done
only using gestures, mouse click and states.

As mentioned above, to develop a gesture-oriented mod-
eling application is desirable, but it is not a simple task. As
more functionalities the application has, it is more difficult
to build an interface based solely on gestures. Thus, during
the application development it is necessary to define a
compromise between gestures and classical interface objects.

B. Creation

We can divide the methods of sketch-based modeling in
two categories: evocative and constructive. The evocative
rely on primitives that are added to the model when it is
identified a associated sketch. The constructive use more
directly the sketch to generate the 3D model.

We can cite two types of evocative systems: the Iconic
Systems and the Template Retrieval Systems. The first
associates a sketch to a geometric primitive and the second
associates a sketch to any object already modeled. An
example of Iconic System is SKETCH [2]. It uses as
primitives cubes, revolution surfaces, cones, spheres, prisms,
cylinders and quadrics. All these primitives are used from the
interpretation of a sketch. An example of Template Retrieval
System is Magic Canvas [34] (Figure 11). This allows to
easily build a 3D scene from sketches. The user does a
sketch, it is segmented and each segment is interpreted and
associated with an object in the database. These are easily
extensible by simply enlarging their model database.

The Constructive Systems interpret the sketch to generate
a 3D model. We can to interpret the sketch as an object
contour but, the problem of associating a sketch to a 3D
graphic object is not well posed (many objects have the same
contour). Lipson et al [35] proposed a method to solve this
ambiguity. Another alternative is reducing the application
scope, adding restrictions that allow the system to choose
an option (or a few, leaving the final choice to the user).

Contours are an important concept in SBIM because it
determines a representation of the graphic object with much
structure. It is understood by contour as the set of the points
whose normals are perpendicular to the view direction (look
at vector of the camera). Note that the contours (Figure 12a)
contain more information than the silhouette (Figure 12b)
of the object. Teddy [3] and ShapeShop [5] are examples of
constructive systems based on contours. Based on skeleton
(medial axis), there are different approaches to generate the
object’s surface. One example is to rotate the points of
the trace around the medial axis. Another approach is the
inflation (Figure 12c), shown in Teddy.

Figure 14. Use of Sketch to define high field.

Figure 15. Terrain generated by sketches.



Figure 13. Detail adding on object surfaces.

(a)

(b)
Figure 16. Specific classes of modeled objects.

We can still cite other 3D modeling techniques, such as
techniques for building height fields [36] (Figure 14). It
creates a surface that is the function graph. Level curves
is a way to obtain it. Height fields are an interesting way to
specify terrains. Terrain Sketching [37] is a work that uses
sketches to define the landform macro-structure. After, the
application uses some procedural methods to synthesize a
realistic geometry (Figure 15).

As mentioned, sketching is a very good way to convey an
idea with few strokes. Thus, we should not expect a wealth
of details on the drawing provided. Therefore, a character-
istic of sketch-based modeling is generating objects with
coarse geometry. Even with this set of different techniques
for building 3D graphics objects from sketches, it is still
very difficult to create precisely a generic object, with high
quality and realism.

Moreover, there are applications that model objects of a
specific class with enough realism and accuracy. When the
modeled object classes is known it can compensate for the
limited information contained in the sketch with data known
by application a priori. In such cases, the sketch is used to
determine the structural elements of the model, while the
details are inferred by the application. We can cite specific
classes of modeled object: hair [38] (Figure 16a), trees [39]
(Figure 16b) and flowers [40].

Creating a geometric model from sketches is not a simple
task. Figure 17 shows an example of a sketch that we can
not yet generate a 3D environment only by interpreting the
model curves. It is only possible from simplistic construction
techniques. Thus, to refine the object it is necessary to edit
it. Editing techniques will be presented in the next section.

C. Editing

The modeling process is often interactive (interaction
refers to edit an object already modeled). This editing can
occur on two levels. The first one refers to the sketch
editing. This editing varies with the sketch representation.
For example, if the sketch is a parametric curve it can be
directly manipulated, or if this curve is a spline, the user
can manipulate its control points. Another approach is using
corrective oversketching modifing it. The other editing level
is to modify the 3D graphic object modeled. Again, the
method and representation are inextricably linked. In this
section we will focus on the editing of 3D object.

The editing can contain operations such as adding details
to the surface; adding members to the object, performing
punctual deformation of the surface, or global deformations
(such as bending, twisting, etc); changing topology, such
as creating holes; performing affine transformations, etc.
Botsch and Sorkine [41] showed a collection of surface de-
formation methods (although the deformation specification
in that paper does not emphasize the use of sketches, these
can be adapted for use in SBIM applications).

The adding detail is intrinsically linked to the surface
representation. For example, we can edit details using nor-
mals [42] (Figure 13a). Or, we can add some features to the
modeled object, such as elevations, holes, slots, etc. (Figure
13b). Gingold and Zorin [43] shows a editing method based
on sketches that represent shading on surface (Figure 18).

Olsen et al [44] show an example of editing details in a
subdivision surface (Figure 19). They project the sketch on
the mesh, they apply an adaptive subdivision based on the
curve. So, it is created a feature in the object.

Another editing operation is adding members [3] to the
object. We can to deformate the surface or blend two pieces.
Wang [45] shows how blending two surfaces smoothly.

The aforementioned operations do not change the struc-
ture of the previously modeled object. But, some operations
modify the structure locally or globally. A simple example is

Figure 17. Example of a sketch difficult to create a 3D model.



Figure 18. Shading-based surface editing.

Figure 19. Detail adding in meshes.

resizing an object (Figure 21b). In this case, the application
needs to interpret the meaning of the operation on the full
object (global deformation) and not just changing the faces
containing the manipulated edge (local deformation).

iWIRES [46] is another application that interprets the
sketch’s meaning to perform a global structural editing. The
deformation starts drawing a curve on the object. Then, we
can draw another curve determining how the first will be
deformed. This deformation is interpreted and propagated
throughout the object (Figure 21d).

Another example of global structural deformation opera-
tions are bending, twisting, etc. Normally these are based
on structural curves. Cherlin et al [47] show a deformation
way modifying the object medial axis (Figure 21e).

We can also deform a mesh by local structural curves.
This operation marks a curve on the object’s surface and it
applies corrective oversketching to modify it. This method
will deform the object’s surface so that the initially marked
curve is carried on to the edited curve. Nealen et al [22]
show a method to apply local structural editing of meshes
preserving details (Figure 21a).

Another example of structural editing using sketch was
presented by Kho et al [48]. After modeling, they construct
the medial axis of the object. It enables deforming the object
locally through a partial deformation of the medial axis. This
deformation is done through a sketch determining the new
shape of part of the manipulated axis (Figure 21b).

In this work, we focus on 3D modeling. Although, there
are sketch-based editing images works [49] (Figure 20).

Throughout this section, we presented some editing oper-
ations on the model. Similar to creation techniques, editing
techniques are strongly tied to the object representation. In
the next section will present a brief discussion of different
graphic object representation techniques.

Figure 20. Sketch-based image deformation.

Figure 21. Local structural editing.

D. Model Representation

In this section we will describe some methods to rep-
resent the geometric support of a graphic object. We will
assume that this are a surface. We can divide the surface
representations in two categories: parametric and implicit.

Parametric surfaces is a widely used object representation.
This consists in defining an atlas for the modeled surface.
An atlas is a set of parametrization ϕ : V −→ W
whose images cover the surface. It can have interesting
features, like all parametrization are Ck functions, which
may allow performing operations with derivatives. NURBS
(Non-Uniform Rational B-Splines) and revolution surfaces
are examples of parametric representations, widely used in
modeling applications. These techniques have been widely
studied, which means, we already know several possibilities
of creation and editing parametric objects. Depending on the
object topology, the atlas definition can be more complex.
So, it can be necessary to perform operations such as union
and blending to join properly different surfaces.

Implicit surfaces are obtained from the solution of an
equation. For example, given f : U ⊂ R3 −→ R, we could
consider a surface M = f−1(0) = {(x, y, z); f(x, y, z) =
0}. This representation facilitates operations such as conti-
nence test and boolean operations. But, it hinders perform
operations such as smoothing, adding features and structural
or punctual deformation. One type of implicit surface used
in modeling is isosurface.

Both implicit and parametric objects are commonly trans-
formed into meshes to aid rendering. Graphic hardwares
work well with meshes. Furthermore, there are several
results that work with meshes. These representations are
widely used in modeling applications, because they allow
modeling objects of any topology. On the other hand, it is
more complicated to perform editing operations on meshes.

In this section, we have seen modeling operations and
graphic object representations. Both operations and repre-
sentation techniques have its positive and negative aspects.
Thus, it is not possible to determine a set of operations and a
specific representation to produce good results for all mod-
eling purposes. These choices depend on the project. In the
next section, we present some challenges and possibilities
on SBIM, highlighting some choices made in some works.



IV. INTERACTION IN SBIM APPLICATIONS

When we develop an application, there are several de-
cisions to be taken regarding data acquisition, object rep-
resentation, modeling operations and interface objects. We
can classify the development decisions in SBIM into two
categories: modeling and user interaction. The modeling
decisions refers to the choice of modeling methods (creation
and editing) and objects representation. In this section, we
will discuss the decisions regarding user-application inter-
action, addressing the possibilities that arise from different
device acquisitions and analysing interface aspects.

With the advancement of data acquisition devices the
user-application interaction have evolved. We can differ
the devices by how many cursors they can capture, which
information are captured and feedback. In this section, we
will analyze some data acquisition devices highlighting how
they can help in the modeling.

The mouse and keyboard are the most known and used
device. By moving the mouse, we can obtain a position set
of the trace and we can know if any button was pressed or
if the scroll was turned. With the keyboard, it is possible
to trigger events related to pressing one or more keys.
These events have been shown sufficient for developing of
modeling applications. However, devices such as Tablet and
tangible interfaces let we capture information that can be
used in modeling, making it more natural.

Tablets allow capture of the position and the inclination
of the pen, beyond the pressure exerted by the user doing
the drawing. Furthermore, the input interface is the same as
the output, which make the drawing process more natural.
This allows that the location where the user touches the pen
to be mapped onto the screen in the same position of the
cursor. This is different from what happens with the mouse.

People prefer drawing with a pen than with a mouse. In
applications that use the mouse, the users adjust themselves
to the system, making precise drawings. However, drawing
in the Tablet is more natural. Novice users find it easier to
use a Tablet, making more accurate and faster strokes.

The iTable (Figure 22) is a multitouch table built at IMPA,
based on ReacTable, using the TUIO protocol. Multitouch
interfaces allow the user to interact with the system using
his fingers or tangible objects (which enables to create a
immersive and natural system). In this device the input and
output are on the same interface, similar to the Tablet.

The interaction using multiple fingers allow performing
operations that with just one cursor would be more difficult
or even impossible. For modeling, this feature facilitates the
drawing of curves with symmetry and parallelism. Another
advantage of using the finger is to avail the maximum
efficiency of the user motor control.

The informations captured from a fiducial are position and
angle (the rotation relatives to the coordinate system of the
table). A fiducial can be used to trigger events or evoke some
widgets such as menus, for example.

Figure 22. iTable.

Multitouch devices usually have a lower precision, be-
cause the input interface may have low resolution, or because
the finger occupy a large area (compared to the mouse cur-
sor). The precision decrease can hinder the detail adding, for
example. Another disadvantage is it is susceptible to noise.
Although noise can be prevented with a proper calibration
and treated through post-processing, they may cause some
undesired effects, or at least, require special attention.

An application can use more than one type of acquisition
devices through a mapping of the captured information.
However, some informations are device specific. Thus, an
important decision is which devices are supported. If we
choose a specific type, we can avail their resources and
accomplish operations in a particular way.

The interface objects are another relevant aspects of the
interaction. The interface paradigm affects directly in the
inference of which operation the system should execute
based on user action.

The interfaces of modeling applications like Maya,
Blender and autoCAD are complicated. Moreover, this in-
terfaces lets we easily add a functionality (adding a widget
interface). Moreover, the user starts a specific action once he
activates a widget, without ambiguity. Accomplishing this in
gesture-based systems remains a challenge.

Another challenge is known as Self-Disclosure. This prob-
lem consists in fact of in purely gesture-oriented interface
a user does not know which gestures are significant to the
system. Instead, in a WIMP system, the user can explore it,
trying the widgets, reading labels and looking at icons. So
he achieves perform some tasks without prior instruction.

Therefore, a major challenge in developing applications
with sketch-based interfaces is a compromise in the choice
of interface objects. The functionalities should be easily ac-
cessible without too many widgets that pollute the interface
and hinder the learning. Another challenge is to propose
interfaces objects that solve problems inherent in SBIM.

We can classify an object interface in an SBIM application
in three categories: widgets of window, of scene and of
object. The widgets of window are application objects that
are outside of the modeling canvas, used to specify a state
or operation in the application. Widgets of scene are objects
in the modeling canvas carrying out some operations on
camera or on lighting. Widgets of objects are elements that
operate on modeled objects. Each of these widgets can be
modeled taking into account four aspects: representation,
status, operation and feedback.
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Figure 23. Interface Objects.

In purely gesture-based interfaces, the greatest challenge
is recognizing a gesture to associate it with an operation.
Existing solutions relate to very specific gestures. The use
of gestures can replace the use of a set of widgtes. On the
other hand, if the system accomplish many operations there
are much chance of have ambiguous gestures, or very similar
(which complicates the recognition process).

An alternative to resolve the gesture ambiguity is pre-
senting all possible operations and let the user choose. This
type of interface is known as a suggestive interface. Magic
Canvas [34] (Figure 23c) is an example of application that
shows a suggestive interface.

By the difficulty of interpreting certain gestures, another
possibility is to enable the user to make suggestive an-
notations. These annotations can be used in the sketch
interpretation. Sketch2Photo [50] (Figure 23a) is an example
of application that uses annotations.

Another resource is the application trying to infer future
strokes that the user can do, based on already drawn.
This feature is called prediction, and it can accelerate the
modeling process, and ensure that the object maintains some
geometric properties such as parallelism, perpendicularity,
congruence, etc.

The use of elements, such as suggestion, prediction and
annotation, facilitate both the application know which oper-
ation should run, as the user to execute an operation. The
suggestions may be considered an application widgets (a
menu of operations) but, it is a hybrid application example
(gestures and WIMP) with an unpolluted interface (because
the menu displays only the options that the user can choose
among the last gesture executed). Another feature, which
facilitates the user-application interaction, is to highlight the
selected elements (eg vertices, edges, faces, objects, or some
other element of the scene).

Layers are another interface object. When a designer
is making a drawing, he usually uses some constructive
technique, based on specific curves, such as silhouette,
suggestive contours and constructive curves. Some of these
curves are used to aid the modeling process, but they do not
enter the final drawing (Figure 23d).

A sketch can be projected on various surfaces. One is the
screen plane. Once the user start modeling the sketch points
should be transformed to the coordinate system of the scene.
Another way is to project the sketch onto the scene as soon

as it is captured. It can be made on existing objects or on
drawing surfaces. Tsang et al [26] presented a work that uses
these planes for modeling (Figure 23b). This support surface
can have a more complicated geometry enabling creation of
a convenient environment space for the sketch.

We can still think of other interface elements such as
control elements for lighting, camera and scene dimensions;
different views, etc. Beyond these interface elements we can
have mechanisms such as learning from the user, querying
information in a database, multiple remote users, etc.

All resources mentioned in this section can be used on a
interface of an SBIM application. The choice of using them
or not should be made to simplify the life of the user and /
or the developer. Thus, an interface should be clean, easy to
use and learn, accessible functionalities and natural. These
goals must be analyzed to define a compromise between
gestures and interface objects.

V. SBIM-TK
Based on the architecture proposed in this paper, we

developed a prototype toolkit with a set of generic features
that can be used in different SBIM applications. This tool
is available at http://www.impa.br/˜lcruz/sbim/sbimtk

VI. CONCLUSION

We have presented a conceptualization and identification
of key trends and features present in SBIM applications.
We have shown different modeling tasks that are possible to
make using sketches. These tasks exploit the ability of the
sketch to quickly convey an idea. In modeling, sketching
is useful to draw contours, or to highlight a feature of
the object. Furthermore, the use of sketch in a modeling
application is an intuitive resource because it is similar to
the act of making a drawing on paper.

A SBIM trend is to interpret the sketch to attribute a
semantic to each operation. Some examples are applications
that use beautification; or applications that perform global
deformation based on few traces. Another modeling trend is
to make structural deformation preserving details.

Because of the difficulties shown in gesture-based appli-
cations development, some studies have used predictions and
suggestions facilitating the modeling and resolve ambigui-
ties. The use of predictions also follows the trend of inferring
semantics to sketch in order to generate models with certain
geometric features, as well as accelerate the modeling.



On one hand, interpreting a sketch is not a simple task
and ambiguity problems may be encountered. On the other
hand, by dominating this procedure, we will be able to create
cleaner interfaces (with fewer Widgets) and therefore faster
to learn and easier to use. Although in this work we have
concentrated only in specific concepts and features related
to modeling applications, the paradigm of gestures, as well
as the WIMP paradigm, is more generic and can be used in
other applications. We can cite games, media organizers and
viewers, story board, smart boards, image manipulation, etc.

Currently it is possible to develop interesting applications
using sketches and gestures, though there are still some
challenges and open problems. In interfaces based solely
on gestures it is difficult to add many functionalities, be-
cause the gesture vocabulary tends to become increasingly
ambiguous. This problem can be attacked interpreting the
sketches iteratively, or segmented.

Although the major motivation of SBIM is to create
an application that resembles the way an artist makes a
drawing with pen and paper, we are still far from achieving
that. Usually the applications have its own peculiarities
that must be respected by the user, to simplify the sketch
interpretation process, as well as the modeling operations.
This reduces the sense of immersion and naturalness with
which the user would interact with the system. Thus, one of
the biggest challenges when developing an SBIM application
is developing the user interface.

Another challenge is interpreting the sketch shapes to map
them into 3D objects. Although we have shown sketch-based
techniques for modeling and deformation, the vast majority
focus on contour lines, constructive curves or significant
curves. Moreover, many artists while drawing using other
techniques such as shading, oversketching, dotted, etc. To
interpret together all these elements is not a trivial task.

The major advantage of using a sketch is the ease of
quickly transmiting an idea. This is due to the fact that
people can easily interpret a sketch and associate to it
with some object (possibly a 3D object). Use sketch in the
constructive process involves to interpret it and associate it
to some form. But, the more shapes an application can uses,
the greater the chance of having ambiguities. Another major
difficulty is to interpret depth and occlusions.

Another SBIM challenge is creating models with high
quality, as in traditional modeling applications. A resource
is to build simple forms and refine them interactively. This
challenge is very much related to object representation. For
example, by manipulating meshes, it is possible to create
complex models, but the higher the mesh resolution the
higher the computational cost to perform the deformation.
Another possibility is to handle the modeling problem with
specific classes of objects. We have presented works that can
synthesize objects such as hair, trees, flowers and land with
precision and quality.

Understanding the particularities, challenges and limita-

tions of modeling using sketches are interesting research
topics in SBIM. Despite the challenges listed, applications
based on sketches have shown a trend in modeling. In this
text, we presented several examples of applications, with
some interesting results, and several possibilities that can be
merged to build a robust modeling system.
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Gráfica. IMPA - Serie de Computação e Matemática, 2003.
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