
Virtual Hand: An Interface for Interactive Sketching in Virtual Reality

Dr. Manolya Kavakli
Department of Computing

Macquarie University
Sydney, NSW 2109

Australia
manolya@ics.mq.edu.au

Dilshan Jayarathna
Department of Computing

Macquarie University
Sydney, NSW 2109

Australia
dilshan@ics.mq.edu.au

Abstract

This paper describes a virtual environment in
which a designer can define the contour of a sketch by
controlling a pointer using a pair of data gloves in 3D
space. Most standard input devises like joysticks, mice,
keyboards, trackballs, and light pens do not imitate
natural hand motions such as drawing and sketching.
The methodology used is to construct an interactive 3D
model from a combination of sketches. The sketches
are drawn in 3D space using the user’s hands as
dynamic input devices. The above-mentioned approach
is mainly consists of two parts: Hand Gesture
Recognition and implementation of a Virtual Hand.
Our focus is to examine the sketching behaviours using
hand gestures, where a Virtual hand generates 3D
models through the exploration of a number of hand
drawn sketches.

1. Introduction

Standard input devices do not closely mimic natural
hand motions such as drawing and sketching. CAD
systems currently available allow a user to create
realistic visualisations of proposed product designs. A
challenging aspect of the design problem for the CAD
provider is to provide an intuitive way for the user to
enter the sketch that defines the appearance of the
product. The precise position of the sketch is important
to assemble a 3D model based on the sketch. Thus the
visual effects can be tested prior to physical
prototyping and construction. In such an environment,
designers can experience the full creative process from
concept to realisation and evaluation.

There is a substantial body of research on the
development of sketching aids starting with
Sutherland’s sketchpad [22]. Guzman’s research
studies [8] were based on the structural descriptions of
objects. The disadvantage of this is that two different

projections of the same object look different and have
different structural descriptions in the picture domain,
although they are equivalent within the object domain
of a 3D description. [15] suggested linking together
these different projections in the form of a frame
system for recognition. [23] illustrated the use of such
structural descriptions in object recognition and made
use of programs like [8] to group regions of the picture
together. [14] raised questions about characteristics of
shape representation: Does the description of the object
in the human brain have an internal structure? Since
these first interactive computer graphics systems in the
early 70s, sketch recognition remained unexplored for
a long time. The difficulty of sketch recognition shifted
attention to other areas of object recognition. The
importance of freehand sketching in visual discoveries
was readily accepted in the early 90s ([3], [5], [6]).
However, approaches to sketch recognition have
generally treated the sketch as an image (eg. FABEL
project, [20]), and discarded information about the
underlying cognitive processes and actions.
Approaches that used properties of drawing production
(e.g., pressure of pen, speed of drawing action, etc.) for
recognition purposes include those of [17], [21] with
the ROCOCO SketchPAD, and [7] with the
COCKTAIL NAPKIN. Such systems are still rarely
used in the idea generation in design, since they are not
integrated with the demands of visual cognition. [10]
and [11] worked on investigating the nature of
sketching behaviour for the transformation of sketches
into 3D geometric models.

Efforts at user modeling in educational systems
have tended to employ knowledge representations in
which symbolic cognition is emphasized, and in which
visual cognition is underrepresented. Hypergami [12]
is a system that tries to bridge this gap by forming a
computational basis for intelligent spatial critics.
Recently, a number of intelligent systems to support
sketching were funded. For example, DARPA
supported a system to capture knowledge via sketching
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called sKEA (Sketching for Knowledge Capture) [4].
sKEA uses semantics, spatial reasoning and arrows to
express relationships, and analogical comparison to
explore similarities and differences between sketched
concepts in its limited knowledge base. The National
Science Foundation (NSF) supported the Space Pen
[9], which is a web annotation system to comment on
virtual 3D models using gesture recognition. However,
none of these systems is complex enough to support
visual recognition.

Recent developments in VR led to a number of
important innovations: [16] reviewed human
movement behaviour in the context of hand centred
input for gesture recognition. [18] proposed Magic
Touch as a natural user interface that consists of an
office environment containing tagged artifacts and
wearable wireless tag readers placed on the user’s
hands. [19] developed VRSHOE in which the designer
can draw or modify, directly on the model and the style
lines previously created in CAD, can fly-through the
environment and directly interact with the model using
immersive interface devices. [13] have started working
on drawing lines in footwear design taking advantage
of the VR. [1] of Georgia Tech developed a 3D
sketchpad for architects for the conceptual design of
space, however the 3D interface with menus did not
respond to the expectations of architects, and there was
a need for a greater understanding of users’ perceptions
and abilities in 3D interface development.

Simulation of the real-time painting using a virtual
paint brush ([2]) was attempted at the Hong Kong
University of Science and Technology. They have
designed a virtual brush with the dynamics of a brush
tuft, so the artists can use it to paint with spirit – that is,
in lively, dynamic, brisk way. Their brush model
consists of spreading bristles that works in real-time
with consumer-level hardware. An ultrasonic device
and miniature gyroscopes were used to detect the brush
position and orientation, respectively. Using the data
from those devices, system computes the shape of the
sketch drawn. It also computes how much ink was
deposited into the sketch using the pressure applied by
the brush on the graphic tablet.

There are still a number of core questions waiting
to be answered:
� How can we investigate and develop a robust method

for configuring complex engineering and design
systems by using VR technology?

� How can we pipeline and support the communication
between the designer, CAD model and the
conceptual design (sketch) of the product?

� How can we generate methods to achieve the
transformation of conceptual design products
(sketches) to 3D objects in CAD space?

� How can we use approximation algorithms in the
production of real-time interactive computer
graphics while providing key parameters that carry
information about the design concept?

� How can we develop interfaces between virtual
reality and CAD systems?

This paper demonstrates a method to construct an
interactive 3D model from a combination of sketches
drawn in three-dimensional (3D) space using the user’s
hands as dynamic input devices.

2. Virtual reality tools

Virtual Reality is an artificial environment created
with computer hardware and software and presented to
the user in such a way that it appears and feels like a
real environment. To "enter" virtual reality, a user dons
special gloves, earphones and goggles, all of which
receive their input from the computer system. In this
way, the computer controls at least three out of the five
senses. In addition to feeding sensory input to the user,
tracking devices can be used to evaluate the orientation
of the user’s head, body and movements of various
body parts such as hands and shoulders. Three types of
equipment are essential for this research as briefly
described below:

2.1. Head mounted display

Head Mounted Display (HMD) blocks out vision of
the physical world and projects computer-generated
stereoscopic images onto two display screens close to
eyes. Stereoscopy is an optical technique in which the
three-dimensional vision is produced by the fusion of
two slightly different views of a scene on each retina of
left and right eyes. Usually an HMD (Figure 1) comes
with a pair of ear/head phones to provide sounds
according to the background or the user’s actions.

Figure 1. Head mounted display

2.2. Data Gloves

Data Gloves (Figure 2) allow the user to interact
with the environment by simulating the hand
movements. There are different types of data gloves.
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E.g., data gloves with force feedback allow a computer
to send some sort of feedback to the user, to make the
simulation more realistic.

Figure 2. Data glove

2.3. Tracking devices

Computers can evaluate the head or body
orientation by attaching an orientation-tracker (Figure
3) to an HMD. A transmitting platform accompanied
with a number of receivers, which work as motion-
trackers, can be used to assess the position of different
parts of the body and change the environment
accordingly.

Figure 3. Orientation tracker

3. Virtual hand

In this paper we describe a novel environment in
which a designer can define the contour of a sketch by
controlling a pointer using a pair of data gloves in 3D
space. Both the data gloves and the pointer incorporate
motion-trackers so that drawing primitives entered are
recreated in real-time on an HMD worn by the user.
Thus the VR tools provide a good ground for an
interface for “3D Sketching in Virtual Reality”. VR
tools normally do not come with a software package to
bridge the gap between the CAD systems and the VR
hardware. The software packages in the market for VR
extension are costly and not user friendly. There is a
need for a ubiquitous interface development that will
allow automatic transformation of sketches to 3D
models. The primary objective of this research is to
develop a user interface in Virtual Reality (VR) to
recognize hand gestures; and to construct an interactive
3D model from a combination of sketches drawn in 3D

space using the user’s hands as dynamic input devices.
The secondary objective is to transform the generated
3D model into a 3D modelling package to make
modifications, such as adding colour and texture for
more realistic representations as well as being able to
use it for different purposes (such as computer games,
simulations, manufacturing, architecture, design,
engineering, etc.).

In order to simulate a real hand, a more realistic 3D
hand model similar to a real hand has been designed
using one of the 3D modeling packages and animated
using the real-time data receiving from the data gloves.
Figure 4explains a similar process described above.

Figure 4. Virtual Hand using 3D Hand Model
and Data Glove

In real hand simulation, flexing of fingers can be
approximated as nearest as possible to the real hand
using the flexure values between 0 and 1 inclusive.

4. Hand gesture recognition

In general Hand Gestures are a mode of non-verbal
communication, which are created by placing fingers
in different patterns and in various orientations. For
example, pointing index finger (Figure 5.a) and open
hand (Figure 5.b).

(a) (b)
Figure 5. Hand gestures: index finger point

and open hand

Sketch recognition is the recognition of a model
through the exploration of a number of hand drawn
sketches by a computer system. Recognising straight
lines is not difficult (Figure 5.a), but matching models
of curvilinear configurations to hand drawn sketches
and generating one model from a number of straight
lines are complex processes (Figure 5.b).

+ =

Proceedings of the 2005 International Conference on Computational Intelligence for Modelling, Control and Automation, and International Conference on 
Intelligent Agents, Web Technologies and Internet Commerce (CIMCA-IAWTIC’05) 
0-7695-2504-0/05 $20.00 © 2005 IEEE 



(a) (b)
Figure 5. Sketch recognition procedure

In this research a variety of hand gestures are used
to fulfill different requirements of the sketching as a
communication method with the VR system. Different
gestures may have a different meaning to the specific
task of the sketching. For example, as the gestures in
Figure 4.a and 4.b gives the command “draw” and
“erase” respectively. In order to recognize the hand
gestures the system evaluates the flexing of the each
finger of the hand and decides what gesture is currently
using. For example, if all fingers are un-flexed, the
system decides that the gesture is “open-hand” and its
function is “erase”. Following gesture definition table
uses flexure values between 0 and 1 inclusive, giving a
sample of 3 hand gestures in this implementation.
When the flexure value of a finger reaches less than or
equal to 0.1, the finger assumed to be fully flexed and
the value is greater than or equals to 0.9, the finger is
totally un-flexed.

Table 1. Gesture definition for specific
sketching tasks

Up to 32 gestures can be defined, since there are
25(=32) possible combinations using flexure values
fully flexed (� 0.1) and un-flexed (� 0.9) for each
finger. But all those gestures cannot be imitated by a
human hand due to its physical restrictions. The values
of the flexing also depend upon which data glove is
using. For example the above table uses a glove (Data
Glove 5W) which only has one sensor per finger. More
accurate gestures can be recognised, when the number
of sensors per finger is high. For example Data Glove
16W has three sensors per finger, which attached to
each joint of each finger.

Sketch recognition itself is a broad area to look at,
but in this research simple approximation algorithms

were used to identify sketches such as lines and curves,
in order to derive a more precise model from all the
sketches. For example, connecting start and end points
to create a straight line or just connecting all the points
together, in the order of drawing, to create a curve.

5. Implementation

5.1. Layers of the model

This section covers the layers of the model, control
flow of the application and design and implementation
techniques used.

Figure 7. Layers of the programming model

In this paper, we focus on the “3D Sketching
Application” layer. “Libraries for VR Hardware” layer
consists of number of DLL files incorporated with the
hardware that were used in this project.

5.2. Flow of control

Figure 8 more closely describes run-time flow of
control within a well-written 3D sketching application.

Figure 8. Programming Model

Input: User’s recent finger, hand, head or body
movements.
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Coordinates: Special equipments, such as movement
and orientation trackers, incorporated with the VR
hardware determine the latest finger and hand positions
and/or head and body orientations of the user.

Updated Information: According to the user’s current
position and the latest movements, display information
is updated and passed into VR hardware. If the
hardware fitted with force feedback devices,
appropriate feedback information also will be passed
into associated hardware components.

Output: Latest visualizations for the current head
position including the most recent hand movements
and possibly some feedback are sent to the user
depending upon the latest movement and the hardware
used.

5.3. Analysis and design

The classes used in the implementation are
described in Table 2. Following section explains the
message flow of classes in detail.

Table 2. Class definitions and their
functionalities

Class Name Role or functionality

MainApp Main class which initiates the application

GloveTracker Tracks the glove (fingers) activities

HeadTracker Tracks the head orientation

HandTracker Tracks the hand movements

Hand Virtual 3D hand model

Point3D A point in 3D space

Sketch A sketch drawn

SketchStore Stores all the sketches until recognised

BasicSketchRec
ogniser

Recognises number of sketches into one 3D
model

Object3DStore Stores all recognised 3D models

Line Object which only has two points in 3D space

As the application starts, it creates a new MainApp
object, which creates new objects of Object3DStore
and GloveTracker. In order to visualise the hand,
GloveTracker creates a new Hand object and adds it to
the Object3DStore as a new object. GloveTracker
recognises if the hand is the left or right.

Then MainApp gets the current hand gesture from
the GloveTracker, which updates its coordinates
according to the latest data received from the Data
Glove. MainApp also creates a new HandTracker and

HeadTracker objects and updates the current position
of the hand and head. Finally MainApp calls the
display method in order to display a virtual hand
according to the latest hand and head positions.

Within the display method, MainApp creates a new
SketchStore object, which creates a new
BasicSketchRecogniser object to recognise sketches
drawn from this point forward. It also creates new
Sketch object, which will update its points (including
start and end) later according to the users hand
movements.

Then MainApp gets its latest hand gesture and
updates its hand coordinates as mentioned before. If
the hand gesture is Index Finger Point, then it creates a
new Point3D object with the coordinates of the end of
the index finger. A Point3D object has three coordinate
values as a point in 3D space. Then it adds the point
created into the current sketch as the starting point. It
updates the current position and the view of the hand
on the display. It creates another Point3D object as
before with new coordinates of the end of the index
finger, which will be added to the sketch as the end
point. Then the sketch will be added to the
SketchStore.

Then the application gets the current hand gesture
and updates the view. If the gesture is fist and it stops
storing sketches and convert all sketches drawn into a
new 3D model. If the object is a line, it creates a new
object of Line and adds that into Object3DStore.
Finally it updates the current position of the hand and
displays the line recognised before along with the hand
on the screen.

6. Conclusion

In this paper, we described the system architecture
for a virtual reality interface for interactive sketching.
The system (Virtual Hand) exploits characteristics of
hand gesture recognition and sketching. We have
currently been calibrating Virtual Hand according to
our pilot test results. Following this, we will test the
systems performance with a number of experiments on
industrial product design.
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