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Abstract

Human Computer Interaction is the discipline that studies the existing and possible
communication interfaces between man and machine. The mouse and keyboard have
been the standard mechanism for data input for several years. Other methods include light
pens and writing tablets. One common feature shared by these input devices is that they
tie the user to the machine, thus limiting the users’ freedom of expression and movement.

With the passing of time and enhancement of technology, it is becoming increasingly
clear that new and more natural methods of interaction are necessary. Hand gesture
recognition is a field that has been rapidly gaining popularity over the last thirty years.
The user becomes more integrated with the system and experiences a natural feeling by
using hand gestures as a method to input data.

This research work proposes a Human Computer Interface that uses hand gestures to
input data while giving a presentation using Microsoft PowerPoint. Hand gestures are
acquired in real time. The system attempts to recognize the hand gesture only when the
hand designates a work area. In this way the user does not face problems of immersion
i.e. the system does not attempt to recognize, classify, and execute every movement made
by user. The work area is divided into three zones and the gesture vocabulary consists of
five gestures. The same gesture in different zones is used to execute different commands.
In this way the vocabulary is easily limited facilitating the user as he or she does not have
to remember a large number of hand poses. The gestures are also natural and can be
performed by any right handed or left handed user. The method used consists of counting
the number of fingers extended. Upon recognition, the gestures can be used to control a
Microsoft PowerPoint presentation.
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Chapter 1 Introduction

1. Introduction

Human Computer Interaction (HCI) is the discipline that deals with the mechanisms by
which the human user or users can communicate with one or more computational
machines. As HCI studies a human and a machine in communication, it uses knowledge
drawn from both the human and machine. On the human side, communication
mechanisms, graphical design disciplines, language, psychology, and human performance
are relevant. On the machine side, techniques in computer graphics, operating systems,
programming languages, and development environments are relevant.

For several decades, the customary method of communicating with computers has been
through the use of the standard keyboard and mouse. Besides the addition of a few keys
and buttons, there has not been much technological advancement in the design and
functionality of these devices since they first appeared in the market many, many years
ago.

1.1 Conventional Methods for Data Input

With the advent of time and enhancement in technology, there is an increase in the need
to improve the interface between the user and the computer. Certain advancements with
respect to interfacing include light pens, and writing tablets. As shown in Figure 1.1, a
light pen is a computer input device in the form of a light-sensitive wand used in
conjunction with the computer's CRT monitor. It allows the user to point to displayed
objects, or draw on the screen, in a similar way to a touch
screen but with greater positional accuracy. The light pen
became moderately popular during the early 1980’s.
However, due to the fact that the user was required to hold
.. his or her arm in front of the screen for long periods of time,

& \f-‘l\ the light pen fell out of use as a general purpose input device.

J

4
3
=g

Figure 1.1 Light Pen

Virtual Reality aims at addressing as many human senses as possible. Generally
speaking, the term Virtual Reality (VR) describes a computer generated scenario of
objects (virtual world) the user can interact with. In contrast to conventional computer
interfaces, the interaction is designed in three dimensions rather than two and the user is
completely immersed in an artificial 3-D world completely generated by a computer. The
combination of three-dimensional computer graphics; special display techniques; and
specific input devices allows intuitive manipulation of objects in the virtual scenario thus
giving users the impression of being part of the picture.

Real Time Zone Based Hand Gesture Recognition System 2
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In virtual reality systems, a common input device is the Head Mounted Display (HMD).
The HMD was the first device providing its wearer with an immersive experience. As
shown in Figure 1.2, a typical HMD houses two miniature display screens and an optical
system that channels the images from the screens to the eyes, thereby, presenting a stereo
view of a virtual world. A motion tracker continuously
measures the position and orientation of the user's head
and allows the image generating computer to adjust the
scene representation to the current view. As a result, the
viewer can look around and walk through the
surrounding virtual environment. A variety of input
devices like data gloves, joysticks, and hand-held
wands allow the user to navigate through a virtual
environment and to interact with virtual objects.

Figure 1.2 Head Mounted Display

Directional sound, tactile and force feedback devices, voice recognition and other
technologies are being employed to enrich the immersive experience and to create more
"sensualized" interfaces.

The ubiquitous mouse and keyboard, along with the afore-mentioned light pens and other
similar input devices all share the property of being tied to the computer, thus binding the
user to the machine and greatly limiting the users’ motion and expression. By allowing
the user to become more integrated with the computer environment, more natural means
of interaction can be possible thus allowing the user to control and manipulate the
computer system using a more human-like approach.

1.2 History and Applications of Human Computer Interaction

Research in HCI has been quite successful. In 1963, Ivan Sutherland demonstrated in his
MIT PhD thesis SketchPad, which was a man-machine graphical communication system
[1]. It consisted of a direct manipulation interface, where visible objects on the screen are
directly manipulated with a pointing device. Even the common mouse was developed at
Stanford Research Laboratory (now SRI) in 1965 to be a cheap replacement for light-
pens, which had been used at least since 1954 [2].

1.2.1 Text Editors

Although it seems unlikely, text editors were in fact a breakthrough in HCIL. In 1962 at
the Stanford Research Lab, D.C. Engelbart proposed, and later implemented a word
processor with automatic word wrap, search and replace, user-definable macros, scrolling
text, and commands to move, copy, and delete characters, words, or blocks of text. In
1965, Stanford's TVEdit was one of the first CRT-based display editors that was widely
used [3].

Real Time Zone Based Hand Gesture Recognition System
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1.2.2 HyperText

In 1954, the idea for hypertext, where documents are linked to related documents was
credited to Vannevar Bush's famous MEMEX idea [4]. In 1967, the Hypertext Editing
System from Brown University had screen editing and formatting of arbitrary-sized
strings with a light pen [5]. In 1969, the Hypertext Editing System, jointly designed by
Andy van Dam, Ted Nelson, and two students at Brown University was distributed
extensively [6]. In 1976, The University of Vermont's PROMIS was the first Hypertext
system released to the user community. It was used to link patient and patient care
information at the University of Vermont's medical center.

In 1977, the project titled ZOG: A Man-Machine Communication Philosophy from
Carnegie Mellon University was another early hypertext system [7]. In 1983 at the
University of Maryland, Ben Shneiderman's Hyperties was the first system where
highlighted items in the text could be clicked on to go to other pages [8]. In 1990, Tim
Berners-Lee used the hypertext idea to create the World Wide Web at the government-
funded European Particle Physics Laboratory (CERN). Mosaic, the first popular
hypertext browser for the World-Wide Web was developed at the Univ. of Illinois'
National Center for Supercomputer Applications (NCSA).

1.2.3 CAD and Video Games

Work in computer graphics has continued to develop algorithms and hardware that allow
the display and manipulation of ever more realistic-looking objects such as CAD/CAM
machine parts or medical images of body parts [9].

The first graphical video game including the first computer joysticks was probably
SpaceWar by Slug Russel of MIT in 1962 [10]. The early computer Adventure game was
developed by Don Woods into a more sophisticated Adventure game at Stanford in 1966
[11]. In 1970, Conway's game of LIFE was implemented on computers at MIT and
Stanford [10].

1.3 Upcoming Areas of Human Computer Interaction

The means by which humans interact with machines continues to evolve rapidly. The
reason for this swift development is because of the ever changing demands of the public
as well as the emergence of better technology. For example, hardware costs have
decreased and memory and speed of computer systems has increased greatly. This
motivates the search for innovative methods of input such as voice, gesture, and pen. The
fact that ‘size does matter’ indicates that smaller devices are preferred as they are less
cumbersome and more portable.
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Some of the upcoming areas of HCI include Gesture Recognition, 3-D, and Virtual and
Augmented Reality. Gesture recognition has been used in commercial CAD systems
since the 1970s, and came to universal notice with the Apple Newton in 1992 [11]. The
"Lincoln Wand” by Larry Roberts was an ultrasonic 3D location sensing system,
developed at Lincoln Labs in 1966. An early use was for molecular modeling [12]. The
original work on Virtual Reality was performed by Ivan Sutherland from1965-1968.

Knowing that human gestures come in many forms such as hand gestures, body gestures
and facial expressions, Hand Gesture Recognition in particular is an area in which effort
and interest has been invested with the aim of developing techniques that reduce the
complexity of interaction between humans and computers. In this paper human computer
interactions through hand gestures will be considered.

1.4 The Nature of Gesture

Gestures are expressive, meaningful body motions — physical movements of the fingers,
hands, arms, head, face, or body with the intent to convey information or interact with the
environment. Hand gestures in particular are those movements made by a person’s hands
while he or she is communicating with others. Gestures in essence complement speech
and may in some cases be more effective or may even replace speech. Gestures are used
to communicate meaningful information (semiotic); to manipulate the environment
(ergotic); or to discover the environment through tactile experience (epistemic) [13].

Although the concept of gesture is loosely defined and depends on the context of the
interaction, there are four basic common gesture types and can be defined as [14]:

- Iconic: representational gestures depicting some feature of the object, action or event

- Metaphoric: gestures that represent a common metaphor, rather than the object or event
- Beat: small, formless gestures, often associated with word emphasis

- Deictic: pointing gestures that refer to people, objects, or events in space or time [15].

The vast majority of automatic recognition systems are for deictic gestures (pointing),
emblematic gestures (isolated signs) and sign languages (with a limited vocabulary and
syntax).

As mentioned earlier, it is desirable to have a human computer interface that is more
natural and that can take advantage of human trajts. With the ever decreasing costs in
visual equipment, it is expected that in the near future nearly every system will possess
the capability to ‘see’ its user and to be able to interact in a two-way manner as opposed
to the one way communication that is prevalent today. Hand gesture recognition certainly
is a field that is very rapidly opening the doors to constructive interfaces between man
and machine.

Real Time Zone Based Hand Gesture Recognition System 5
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1.4.1 Representation of Gesture

Gestures can be static, where the user assumes a certain pose or configuration, or
dynamic, defined by movement. Some gestures have both static and dynamic elements
where the pose is important in one or more of the gesture phases; this is particularly
relevant in sign languages. When gestures are produced continuously, each gesture is
affected by the gesture that preceded it, and possibly by the gesture that follows it.

This co-articulation may be taken into account as a system is trained if the representation
supports it. There are several aspects of a gesture which may be relevant and therefore
may need to be represented explicitly.

Hummels et al [16] describe four aspects of a gesture which may be important to its
meaning:

- Spatial information: where it occurs, locations a gesture refers to

- Pathic information: the path which a gesture takes

- Symbolic information: the sign that a gesture makes

- Affective information: the emotional quality of a gesture

In order to infer these aspects of gesture, we first have to sense human position,
configuration, and movement. This can be done directly with sensing devices such as
magnetic field trackers, instrumented gloves, and data-suits (which are attached to the
user) or indirectly using cameras and computer vision techniques. Each sensing
technology differs along several dimensions, including accuracy, resolution, latency,
range of motion, user comfort, and cost.

1.4.2 Hand Gesture Input

Using hand gestures as an input media is not a new idea. In 1979, the "Put that There"
experiment already used primitive gestural input [17]. More recently, the availability of
new devices to track hand gestures and the advent of virtual reality systems have
popularized the concept of gestural input.

With respect to hand gesture input, three main directions have been investigated [18]:

- Virtual Reality Systems: user interacts mainly by means of direct manipulation of the
objects of the application.

- Multi-Modal Interfaces: provides natural and powerful interaction by using the natural
human-to-human communication means such as speech combined with gesture and gaze.
- Recognition of Gestural Languages: for example deaf sign language.

The expected advantages of hand gesture input can be summarized as follows:

- Natural interaction: Gestural input makes use of the natural human communicative
skills to interact with a computer resulting in natural and easy to learn interfaces.

- Terse and Powerful interaction: Devices such as the Dataglove capture 16 (non
independent) dimensions. The theoretical throughput of such devices is very high
compared to traditional devices such as the keyboard or mouse.
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- Direct interaction: With an ideal hand gesture input device, the hand would become the
device. This makes it possible to emulate other devices (like the mouse or keyboard). The
user becomes free to wander around without any device to carry and interact with the
surrounding machinery by adequate gestures.

1.4.3 Gesture Recognition

There is no standard way to perform gesture recognition — a variety of representations
and classification schemes are used. However, most gesture recognition systems share
some common structure. Recognizing gestures is a pattern recognition task which
typically involves transforming the input into an appropriate representation and then
classifying it from a database of predefined gesture representations. As gestures are
highly variable from one person to another and from one example to another with a single
person, it is essential to capture the essence of the gesture and use this as a representation.
Static gesture, or pose recognition can be accomplished by a straightforward
implementation using template matching, geometric feature classification, neural
networks, or other standard pattern recognition techniques to classify pose. Dynamic
gesture recognition, however, requires consideration of temporal events. This is typically
accomplished through the use of techniques such as time-compressing templates,
dynamic time warping, Hidden Markov Models (HMMs), and Bayesian networks.

Most of the recent works related to hand gesture interface techniques have been
categorized as: glove-based methods used in tracking systems and vision-based methods

1.4.3.1 Data gloves

People naturally use their hands for a wide variety of manipulation and communication
tasks. Besides being quite convenient, hands are extremely dexterous and expressive,
with approximately 29 degrees of freedom (including the wrist). In his comprehensive
thesis on whole hand input, Sturman [19] showed that the hand can be used as a
sophisticated input and control device in a wide variety of application domains, providing
real-time control of complex tasks with many degrees of freedom. There are a number of
commercially available tracking systems which can be used during gesture recognition,
primarily for tracking eye gaze, hand configuration, and overall body position. For
several years, commercial devices have been available which measure, to various degrees
of precision, accuracy, and completeness, the position and configuration of the hand. One
of these devices is the data glove- an instrumental glove or exoskeleton device mounted
on the hand and fingers. Some advantages of data gloves include:

- Direct measurement of hand and finger parameters (joint angles, 3D spatial information,
wrist rotation)

- Provides data at a high sampling frequency

- Easy to use

- No line-of-sight occlusion problems

- Relatively low cost versions available

- Data is translation-independent (within the range of motion)

Real Time Zone Based Hand Gesture Recognition System 7
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Disadvantages of data gloves include:

- Calibration can be difficult

- Tethered gloves reduce range of motion and comfort

- Inexpensive systems can be very noisy

- Accurate systems are expensive

- The user is forced to wear a somewhat cumbersome device

Body suits are another method in which certain trackers or sensors are attached to the
users clothing. The 3D position of these markers can be measured thereby allowing the
perception of complex movement patterns.

Sensing technology has a long way to go to overcome the associated disadvantages. On
the other hand however, passive sensing using computer vision techniques is beginning to
make headway as a user-friendly interface technology.

1.4.3.2 Vision-based Gesture Recognition

The most significant disadvantage of the tracker-based systems is that they are
cumbersome and expensive. This detracts from the immersive nature of a virtual
environment by requiring the user to don an unnatural device that cannot easily be
ignored and which often requires significant effort to put on and calibrate. Even optical
systems with markers applied to the body suffer from these shortcomings. What many
have wished for is a technology that provides real-time data useful for analyzing and
recognizing human motion that is passive and non-obtrusive. Computer vision techniques
have the potential to meet these requirements.

Vision-based interfaces use one or more cameras to capture images and understand those
images to produce visual features that can be used to interpret human activity and
recognize gestures. Typically the camera locations are fixed in the environment, although
they may also be mounted on moving platforms or on other people. For the past decade,
there has been a significant amount of research in the computer vision community on
detecting and recognizing faces, analyzing facial expression, extracting lip and facial
motion to aid speech recognition, interpreting human activity, and recognizing particular
gestures. Unlike sensors worn on the body, vision approaches to body tracking have to
contend with occlusions. From the point of view of a given camera, there are always parts
of the user’s body that are occluded and therefore not visible. Multiple cameras can be
used, but this adds correspondence and integration problems.

Vision can use properties like texture and color in its analysis of gesture, while tracking
devices do not. Unlike special devices which measure human position and motion, vision
uses a multipurpose sensor; the same device used to recognize gestures can be used to
recognize other objects in the environment and also to transmit video for
teleconferencing, surveillance, and other purposes. Currently, most computer vision
systems for recognition follow the pattern shown in Figure 1.3.

Real Time Zone Based Hand Gesture Recognition System 8
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Body parameters
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Figure 1.3 Vision based recognition process

Analog cameras feed their signal into a digitizer board, or framegrabber. There may be a
preprocessing step, where images are normalized, enhanced, or transformed in some
manner, and then a feature extraction step. The features — which may be any of a variety
of two- or three-dimensional features, statistical properties, or estimated body parameters
— are analyzed and classified as a particular gesture if appropriate.

Vision-based systems for gesture recognition vary along a number of dimensions, most
notably:

- Number of cameras — How many cameras are used?

- Speed and latency — Is the system real-time?

- Structured environment — Are there restrictions on the background, movement, etc.?

- User requirements — Must the user (not) wear gloves, long sleeves, rings etc.?

- Primary features — What low-level features are computed (edges, regions, histograms)?
- Two or three-dimensional representation — Does the system construct a 2D or 3D model
of the body?

The answers to the questions of course mostly depend on the application that is to be
developed. In case the system is for a single user, one camera is probably sufficient. In
case however the system is used for teleconferencing purposes, then multiple cameras
may be necessary. Speed of course is an important issue especially in real time systems.
In such applications the user expects a command to be executed as soon as it is issued.
Certain constraints regarding background and/or foreground may be necessary to help
with subsequent processing. During the development certain decisions must be made as
to which features must be extracted and which features can be ignored. A successful
vision system can therefore be developed whilst keeping the above points in mind.

Real Time Zone Based Hand Gesture Recognition System 9
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Chapter 2 Literature Survey

2. Literature Survey

A great deal of research and development has been done in the area of hand gesture
recognition. The literature survey for this field in general can be very comprehensive.
However, in this context the recognition is taking place in a workspace or zone. This
chapter therefore discusses that work which has been done in a context similar to the
current one.

2.1 Vision Based Gesture Recognition

Ryan Garver stated the development of a gesture based interface system [20]. The goal of
the project was to build a system that uses natural gestures for computer control within
the working zone. In order to limit the complexity of this project there have been several
assumptions made about the environment in which this system is to be used. Most of
these restrictions are designed to help with hand segmentation. The first restraint is that
the background remains fairly constant and well textured; this is necessary to facilitate
the use of background subtraction. Another stipulation made is that lighting will remain
fairly constant; skin color methods tend to be sensitive to lighting changes.

2.1.1 Hand Segmentation

This module performs static hand segmentation from individual frames. The hand
segmentation system is made up of three image processing algorithms: dynamic
background subtraction, statistical skin color segmentation, and depth thresholding. By
combining these methods a relatively reliable segmentation system is constructed. The
first step in this hand segmentation is the background subtraction. The result is a trimmed
down image containing only foreground information. On the resulting image the skin
color filter is applied. From this an image of skin color pixels that lie in the foreground of
the image is retrieved. Morphological filters clean up the image, and then a depth
threshold segments the hands from the face, forearms, and other unwanted \skin colored
pixels.

2.1.2 Gesture System

The two primary methods of gesture use can be described as pointing gesture, and
command gesture. The pointing gesture module of the system creates a rough association
from movements made by the user to movements made by the mouse. Along with this is
a method for conveying mouse clicks, this together with the mouse motion of the
pointing system provides a fairly generic user interface with practical applications. The
second portion of the project is the command gesture module. The command gesture
module is designed to translate discrete hand motion into a keyboard or some other
command that executes a certain piece of functionality. An important first step in the
gesture analysis is the classification of gestures between pointing and command. For the
sake of speed and simplicity this was implemented by looking at the number of hands and
at the basic shape of the hands in question. To engage a pointing gesture the user must
insert a single hand into the working zone.

Real Time Zone Based Hand Gesture Recognition System 11
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If the hand shape is fist-like the system begins interpreting the gesture as pointing. If two
hands are inserted into the working zone the gesture is interpreted as a command gesture
and processed accordingly.

2.1.2.1 Pointing Analysis

The pointing gesture system uses the change of position of the center of the hand as a tie
to the change in position of the mouse cursor. Using this information a sense of
acceleration in the mouse pointer is created. The faster the user moves their hand the
more the mouse will move. This allows the user to take advantage of the whole area of
the screen with out needing to do the gesture equivalent of picking up the mouse. If the
user needs to make a small movement of a few pixels, the user can just make slow
movements.

2.1.2.2 Command Gesture System

The first step in preparing the gesture for executing a command is to divide the hand
motion into three portions: start, gesture, finish i.e. finding the beginning of the actual
gesture and separating it from the rest of the hand motion. The gesture is marked by a
change in position of more than a prescribed distance, and then only after a certain short
period of time from when the hands enter the working area and are captured. The end is
delimited by the removal of the hands from the working area. This produces a gesture
sequence that is then processed by a series of HMMs. Each HMM represents a specific
gesture, and the performed gesture is classified as the representative model with the
highest probability of correspondence.

2.2 Real Time Hand Gesture System Based on Evolutionary Search

Juan Wachs et al considered a vision based system that can interpret a user’s gestures in
real time to manipulate objects within a medical data visualization environment [21].

2.2.1 System Overview

A webcam placed above the screen captures sequence of images. The hand is segmented
using color, B/W threshold and various morphological image
processing operations. The location of the hand in each
image is represented by the 2D coordinates of its centroid;
and mapped into one of eight possible navigation directions
of the screen to position the cursor of a virtual mouse. The
motion of the hand is interpreted by a tracking module. At
: certain points in the interaction it becomes necessary to
- L 9 classify the pose of the hand.

Figure 2.1 Directional Zones
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The image is then cropped tightly around the blob of the hand and a more accurate
segmentation is performed. The postures are recognized by extracting symbolic features,
from the sequence of images. The classification is used to bring up X-rays images, select
a patient record from the database or move objects and windows in the screen.

2.2.2 Segmentation

In order to track and recognize gestures, the CAMSHIFT algorithm is used. For
CAMSHIFT, a probability distribution image of the hand color is created using a 2D hue-
saturation color histogram. This histogram is used as a look-up-table to convert the
acquired camera images into a corresponding skin color through a process known as back
propagation. Thresholding to black and white followed by morphological operations is
used to obtain a single component for further processing to classify the gestures. The initial
2D histogram is generated in real-time by the user in the ‘calibration’ stage of the system.
The calibration process is initiated by the detection of hand motion within the template
region. In order to avoid false motion cues originated by non hand motion a background
maintenance operation is maintained. A first image of the background is stored right after
the application is launched, and then background differencing is used to isolate the
moving object (hand) from the background. Since background pixels have small
variations due to changes in illumination over an extended period of time, the background
image is dynamically maintained. Background variations are identified by threshold the
absolute difference between two consecutive frames.

2.2.3 Pose Recognition

Gestures are classified using a simple finite state machine. When the doctor wishes to
move the cursor over the screen, he moves his hand out of the ‘neutral area’ to any of the
8 directions. While the hand is in one of the 8 quadrants, the cursor moves in the
requested direction. The interaction is designed in this way because the doctor will often
have his hands in the ‘neutral area’ without intending to control the cursor. The user can
precisely control pointer alignment. When a doctor decides to perform a click, double-
click, or drag with the virtual mouse, he/she places the hand in the ‘neutral area’
momentarily. This method differentiates between navigation and precise commands.

/)

Static hand
wnside

Figure 2.2 Finite State Machine for Recognition
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2.3 Computer Vision Based Gesture Recognition for an Augmented
Reality Interface

Moritz Stérring et al presented a computer vision based gesture interface that is part of an
Augmented Reality Interface [22]. It can recognize a 3D pointing gesture, a click gesture
and 5 static gestures. The gesture recognition system presented in this paper is part of an
AR project, the goal of which is to develop a multi-user AR system for round-table
meetings, e.g., for architects. The system should contain a sufficient number of different
gestures in order to make a useful interface, and have a low computational complexity.
This should be achieved without introducing any enhancements like markers and Infrared

lighting.

2.3.1 Counting Fingers

Hand and fingers can be approximated by a circle and a number of rectangles. By
applying a polar transformation around the center of the hand and counting the number of
fingers present in each radius, a gesture can be recognized. When only 1 finger is
recognized this is a pointing gesture and the tip is the actual position where the user is
pointing. A click gesture is defined as movement of the thumb in 3 static states: in the
first and third state the thumb is next to the index finger. In the 2™ state the thumb has an
angle with the index finger. Movement between these states can be recognized by
changes in the width of the bounding box i.e. it grows and then shrinks.

2.4 Accurate Recognition of Large Number of Hand Gestures

Atid Shamaie et al [23] introduced a hierarchical gesture recognition algorithm to
recognize a large number of gestures. Given an image sequence the problem is to find a
gesture in a large database of predefined gestures which is the most similar to that. A
hierarchical algorithm is proposed that uses two levels of filtering and a third level for
decision making. The first two filtering levels extract the most probable gestures from the
database and the final level’s decision is based on graph matching for a final selection
between a few gestures passed through the previous filters.

2.4.1 Hand Movement Tracking

It is assumed that a hand gesture starts from a neutral position. This condition can be the
hand hanging by the side or the hand in lap. This is considered as the hand out of region
of interest (ROI). The region of interest is defined as the area in which the hand gesture
must be done to be recognized by the system. Before the user starts to gesture, he/she
must move the hand into the ROI. Every gesture starts with a particular shape of hand.
The position of hand is defined by the centre of the rectangle containing the hand.
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2.5 CHARADE: Remote Control of Objects Using Free Hand Gestures

Thomas Baudel et al presented an application that uses hand gesture input to control a
computer while giving a presentation [24]. The display presented to the audience is an
active surface that reacts to the speakers gestures, yet the speaker can still gesture to the
audience whilst operating other systems. The system has a well defined means to detect
the intention of the gesture in order to avoid every gesture being interpreted by the
system- whether it was intended or not. The model is based on the notions of active zone
and gestural commands.

2.5.1 Structure of the Model

The model is based on the notions of active zone and gestural commands. The active zone
is a 2D area, typically the projection of a computer screen on a wall. Gestures are
interpreted only when the user designates this area, i.e. when the projection of the hand
enters the active zone. The recognition of a command involves three steps: detection of
the intention to address a command to the system, segmentation of gestures (recognition
of start and end positions), and classification (recognition of a gesture in the command
set). As soon as a command is recognized, it is issued. Gestures that are not recognized
are simply ignored. The user wears gloves.

2.5.2 Detection of Intention

Gestures are interpreted only when the projection of the hand is in the active zone. This
allows the user to move and perform gestures in the real world. It also makes it possible
to use several active zones to address different systems. Commands are ended by leaving
the end zone or using an end position.

2.5.3 Segmentation of Gesture

Start and end positions are defined by the wrist orientation and finger positions. These
dimensions are quantized in order to make positions both easier to recognize by the
system and more predictable by the user. Seven orientations of the wrist, four bendings
for each finger, and two for the thumb are being used. This gives theoretically 3,584
positions, among which at least 300 can be obtained with some effort and from 30 to 80
are actually usable (depending on the user's skill and training).

2.5.4 Classification

Different gestures are classified according to their start position and dynamic phase. The
dynamic phase uses the path of the projection of the hand, the rotation of the wrist, the
movements of the fingers, and the variation of distance between the hands to the active
zone (allowing for push-like gestures).
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2.6 Interaction via Motion Observation

Foyle et al described the development of a novel HCI [25]. A standard webcam watches
the user and responds to their movements so that the user can operate the system, play
games, and move a mouse pointer without external devices. The user then moves their
hand around in the visual area of the camera, and a continuous stream of images is
captured. For tracking, background subtraction is employed to find which objects are
‘new’ to the scene, and assumes that the biggest object was the object that was to be
tracked and its location can be derived. The system incorporates a weighting system, such
that connected areas hold a higher value than non-connected areas, and as a result the
largest object in the image will be located correctly. Instead of using a mouse pointer, the
interface uses a concept of “zones.” As shown in Figure 2.3, the camera’s field of view is
split into a grid of zones and the system observes which zone the user’s hand is located
in. If the user’s hand is located in the top right zone, this is shown on screen by the
illumination of an object in the top right area of the interface. For a mouse click, the user
simply selects an object by moving into the corresponding zone, and then pauses for half
a second. To provide as static background as possible, the camera was oriented such that
it pointed down onto a surface, such as a desk.

Figure 2.3 Camera view divided into zones
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3. System Design

Once the requirements have been gathered and understood, it is possible to write up a
description of what functions the system is to perform with respect to the application and
how it is to carry out those functions. Figure 3.1 shows the block diagram of the system.
In this chapter, a detailed description of the system and its modules is given from the
software point of view, along with the hardware requirements, configurations, and
settings. :
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Figure 3.1 Block diagram of system
3.1 System Setup

In order to avoid the problems of immersion, the user places his or her hand in a
workspace. Within this workspace all gesture recognition will take place i.e. the system
only attempts to recognize those gestures performed in a certain zone. This will eliminate
the problems associated with immersion. The user can also freely gesticulate and
communicate with other persons and systems without the system trying to interpret every
move. The user can also set up multiple devices, each with their own workspace so that
multiple devices can be controlled. A black mat, similar to a large mouse pad and roughly
2-by-2 feet is designated as the workspace. It is partitioned into three blocks. The bottom
two blocks are used to control the slide navigation and the top third block is used to jump
to different slides. A simple web camera is used for image acquisition. The camera is
fixed on a tripod such that it faces downwards. The only object within view of the camera
is assumedly the mat and subsequently the user’s hand. Frames are acquired at a fixed
rate of 6 frames per second.

igure 3.2 Possible syem setu '
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3.2 Gesture Vocabulary

One of the challenges of gesture recognition is to define a practical gesture vocabulary.
When defining the hand gestures that will be used as input to an interface system, certain
points must be kept in mind such as the ease of the gesture. The gesture should be natural
and simple to remember. Gestures from sign language are not recommended as they are
highly structured and can be difficult for an amateur to perform and remember. Cultural
dependence should also be kept in mind. Certain gestures exist that are culture specific
i.e. they occur in one culture but not in another. For example, the traditional Indian
greeting is to hold the two hands together, palm to palm. So when selecting a gesture it is
preferable if it is not culture dependent so that it does not become illogical in another
culture. The gestures should not be too complex to perform so that even those who are
aged or who have motor or physical disabilities will not face any discomfort. The
vocabulary should also be limited- enough gestures should exist to meet the aims of the
application to be developed. In this way, both the user and the system will benefit in
having to learn fewer gestures. The pose of the gesture should be logical i.e. it should
represent the function that is to be performed and lie within the context of its use. In case
of a pointing gesture for example; it makes more sense to define it as an outstretched
index finger. The gestures employed here are shown in Figure 3.3.

Figure 3.3 The gesture vocabu]afy for our system consists of the above five gestures

Each gesture is identified by the number of outstretched fingers. From the user’s
perspective, it is likely that the gestures will be considered easy to use, perform, and
remember. It is not necessary for the user to stretch their fingers to the maximum extent,
although there should be some space separating the fingers. Examples of gestures used by
different authors are shown in Figures 3.4a and 3.4b.

Figure 3.4 a)Gesture lexicon samples

The variety of the gestures is enough to create an interface with several useful and
interesting applications. From the system’s point of view, the gestures are such that they
are likely to be recognized. As the hand is parallel to the camera plane, the problem of
recognition is reduced from three dimensions to two thus reducing the system’s burden.
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The application to control Microsoft PowerPoint ® presentations will use the gestures in
Figure 3.3 as valid input.

With respect to the zone in which the gestures are to be performed, in Figure 3.5 the
block labeled 1 is the first zone and is used to navigate back and forth in the slides.
Holding one finger up will cause the presentation to move to the previous slide whereas
holding two fingers up will cause it to move to the next slide. The second zone is 2. One
finger will cause the presentation to jump to the first slide whereas two fingers will cause
it to jump to the last slide. Holding all fingers up will cause the presentation to exit. The
third zone, 3, is the top area and here the user can jump to a specific slide. With these
gestures, the user can go directly to the first 4 slides.

Figure 3.5 Division of workplace into zones
3.3 Image Acquisition

As the system operates in real time, a live video stream must be captured using an
attached standard web camera. Frames are acquired at a low rate as opposed to the
standard rate of 30 Hz. This is because the user’s hands enter the zone for a short period
of time before exiting again and to compensate hand motion effects. The system is
employed to automatically control a presentation, so instead of interacting with the vision
system for prolonged periods of time, the user will be more occupied with
communicating with the environment and other people. The accompanying illumination
should not be too low so that the hand is visible within the zone and it should not be too
high to avoid problems of reflectance. It was not necessary to have a high resolution for
the images as we are not extracting very low level features of the hand. For example, for
fingerprint recognition very high resolution images would be required so that the
intricacies of the fingerprint can be seen. Also, computational expense is avoided by
using low resolution images.

3.4 Frame Averaging

It is not known when the user will insert his or her hand in the workspace. When the hand
is inserted, it remains there for a short while only. In order to get a good snapshot of the
object that entered the zone, frame averaging is performed. In this way, an average of the
acquired frames is calculated so that a general or basic picture of the object can be taken
and further processed. Problems of illumination and motion blur can be avoided through
averaging. Averaging is done not by nested calls to individual arithmetic functions but by
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performing a linear combination of the images. When calls are nested to arithmetic
functions, values are truncated and rounded to the next nearest value. Thus, accuracy is
lost in the final result. By performing a linear combination, all arithmetic operations are
performed at once before truncating and rounding the final result. Although the live video
stream is in RGB format i.e. it is a colored video stream, all three planes are not
necessary for subsequent processing. Only the Red plane is extracted as skin tones are
known to contain large amounts of red. '

3.5 Hand Segmentation

The averaged image in fact captures the fundamental nature of the gesture. The black
background color was selected to facilitate hand segmentation. It is expected that the only
object that will appear in the workspace is the hand. In case other objects happen to
appear on the zone, the largest object will be taken as the hand. As the human skin
contains more red only the red plane is used. The segmentation process therefore, is fairly
simple. A fixed threshold is used to extract the hand from the background.

3.6 Image Preprocessing

Once the hand object has been segmented from the background, it must be preprocessed.
Several morphological operations are applied on the object to clean it and remove
spurious pixels. The cleaning is necessary so that in later steps the object can be thinned
properly.

3.6.1 Image Cleaning

This is a morphological operation that removes isolated pixels i.e. individual I’s
surrounded by 0’s, such as the center pixel in the pattern shown in Figure 3.6.

Figure 3.6 Image Cleaning

3.6.2 Smoothing Using Mode

By checking the mode of the pixels in a neighborhood, the extra uncorrelated pixels may
be removed. If five or more pixels in its 3-by-3 neighborhood are 1, then that pixel is set
to 1 otherwise it sets it to 0.

3.6.3 Image Erosion
Erosion is a well known morphological operation that erodes or shrinks an image from

the outer boundaries. The amount of erosion depends on the structuring element. In this
case, the structuring element is such that it erodes at a depth of one pixel.
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An example is shown in Figure 3.7. All foreground pixels that have at least 1 neighbor
that belongs to the background will be eliminated. The red pixels indicate pixels that have
been removed.

Figure 3.7 Image Erosion

3.7 Connected Component Labeling

Once the unnecessary pixels have been removed, the next step is to distinguish one object
from the other in the image. This is done by labeling the connected components of the
image. Two pixels are said to be 4-comnected if they show horizontal or vertical
adjacency. If this adjacency includes the diagonal neighbors as well, then the pixels are
said to be 8-connected. In our system, 4-connectivity has been used.

3.8 Feature Extraction

Once all the objects have been distinctly labeled, they need to be analyzed to determine
whether or not they meet the requirements to represent a hand.

3.8.1 Area of Object

Firstly, the size of the object is calculated in terms of its area. The area of an object is
represented by the number of pixels composing that object. It is expected that only hands
will be in the work area, so the largest object will be that of the user’s hand and all other
objects are discarded as they may be noise or redundant pixels belonging to some smaller
object.

3.8.2 Minimum Enclosing Rectangle

The Minimum Enclosing Rectangle (MER) is the smallest rectangle that completely
encloses the region. By finding the upper left coordinates and the lower right coordinates
of the region a corresponding MER can be drawn around the object. The coordinates
obtained will thereafter be used to determine which zone the user’s hand is located in.
The appropriate command can then be executed.

\
J

Figure 3.8 Minimum Enclosing Rectangle of hand object
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3.9 Skeletonization

It is important to find a representation of the gesture that depicts the essence of the
gesture. Thinning an object reduces it from a solid or compact object to lines. It removes
pixels so that an object without holes shrinks to a minimally connected stroke. The pixels
which are removed are the redundant pixels; once they are removed the image is simpler
and shows the underlying structure of the object.

The problem while performing thinning lies in determining which pixels are redundant.
The pixels to be removed are marked in a first pass and removed in a second pass over
the image. This is repeated until there are no more redundant pixels, at which point the
remaining pixels are those belonging to the skeleton of the object. Thinning must not be
confused with erosion. There are some very important differences between the two.
Erosion can be used to completely delete an object whereas thinning must never do this.
The skeleton must remain intact and must have the following properties:

- It should consist of thin regions, one pixel wide.

- The pixels comprising the skeleton should lie near the center of cross section of the
region.

- Skeletal pixels must be connected to each other to form the same number of regions that
existed in the original figure.

Unlike the human face, the human hand presents a greater degree of uniformity.
Differences in hands such as color, size, presence or absence of hair, rings, moles, scars
etc., have a negligible effect on the performance of our system. By thinning the cleaned
hand image, the underlying structure or skeleton of the human hand can be obtained. It
was found that when the hands were held in the specified poses, there was a great deal of
consistency in the thinned images of hands belonging to different people.

Figure 3.9 Top row- hands belonging to 1 male and 2 females.
Bottom row- Corresponding thinned images

Real Time Zone Based Hand Gesture Recognition System 23



Chapter 3 System Design

3.10 Zone Determination

When the features have been extracted and the hand image has been thinned, the zone
where the user’s hand is located in must be determined. This is done with the help of the
MER coordinates obtained during the feature extraction process. The zone is divided into
3 partitions- a top and two bottom halves. The two bottom halves correspond to zones 1
and 2 respectively and the top corresponds to zone 3. When the MER coordinates are
compared, they are checked to see which zone they fall in. If the upper left and lower
right coordinates fall within one of the zones then the appropriate command is executed.
The boundaries of the zones are kept thick to avoid overlapping of one zone over the
other.

R

| P

Figure 3.10 Workspace partitioned into zones

3.11 Gesture Recognition

A variety of classification schemes are used for gesture recognition. However, most
computer vision based gesture recognition systems share some common structure.
Recognizing gestures is a pattern recognition task which typically involves transforming
the input into the appropriate representation and then classifying it from a database of
predefined gestures. Static gesture or pose, recognition can be accomplished by a
straightforward implementation using template matching, geometric feature
classification, neural networks, or other standard pattern recognition techniques to
classify pose. Dynamic gesture recognition, however, requires consideration of temporal
events. This is typically accomplished through the use of techniques such as time-
compressing templates, dynamic time warping, Hidden Markov Models (HMMs), and
Bayesian networks. As gestures are highly variable from one person to another and from
one example to another with a single person, it is essential to capture the essence of the
gesture and use this to represent the gesture. The approach used also depends on the
nature of the gesture.

Jerome Martin et al [27] used Principal Component Analysis (PCA) for hand posture
classification. In the paper by Moritz Storring et al [22], the hand was approximated by a
circle and a number of rectangles where the number is equal to the number of
outstretched fingers. A polar transform was done around the center of the hand and the
number of rectangles (fingers) in each radius was counted.
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In the research by M.A. Foyle et al [25], the system was not restricted just to hands but to
general object movement. Objects that were ‘new’ to the scene were tracked and the
largest of those objects was considered the hand. Ryan Garver’s [20] system performed
gesture recognition based on the number of hands located in the work area. The presence
of a single hand indicated a pointing gesture whereas the presence of two hands indicated
a command gesture. In the paper by Juan Wachs et al [21] Haar features are calculated to
estimate and classify the hand pose.

3.11.1 Determination of the Number of Fingers

The thinned hand images clearly show a structural correspondence among the hands of
different people. The hands of several males and females of different age and size were
used to support the fact that hands are indeed rather uniform when held in a particular
pose. Factors such as age, size, and marks on the hand in the form of scars, moles, and
warts are insignificant and can be ignored. Two functions were used to count the number
of fingers- one function found the endpoints of the line image and the next discarded all
those lines that did not fulfill the requirement of a particular length.

3.11.1.1 Finding Finger End Points

Each gesture defined is associated with the number of fingers extended by the user. The
thinned images contain connected lines. To count the number of fingers, the endpoints of
the lines were used instead of the entire line image. The number of endpoints gives the
number of fingers extended. As fingers are extended in an upward direction, the bottom
of the image is not needed and any lines or endpoints present at the bottom of the image
can be discarded.

Figure 3.11 a)Original b) Thinned image ¢) Endpoints of thinned image
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3.11.1.2 Calculation of Finger Length

When a person’s fingers are extended, the knuckles may appear prominent. In the thinned
image, the knuckles or wrist may appear as small lines. Fingers however should be longer
lines. Therefore, all lines that are below a certain length are discarded and not counted as
a finger.

Figure 3.12 a) Oginal' image b) Lines depicting fingers. Short lines discarded

3.12 Interfacing with PowerPoint

To be able to control the presentation, the application must somehow be linked to
Microsoft PowerPoint. This was done using ActiveX. Microsoft PowerPoint was
designated as an

ActiveX server so that certain commands could be utilized by the MATLAB application.
These functions were executed based on the gesture input.

3.13 Application Control

When the user runs the application, they have the option of changing the resolution of the
acquired images. After doing so, they can get accustomed with the zone and its partitions.
By previewing a live video stream, they can adjust the camera view if necessary and
check the position of their hand in each zone. Once they have an idea of where their
hands appear in the preview window with respect to the workspace, they can begin to
train themselves.

3.13.1 Training

During the training, the user is shown the workspace. He or she can insert and remove his
or her hand gestures from the work area and a visual message will inform them what
gesture had been recognized. This will familiarize the user to the zones and the gesture
poses.
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3.13.2 Running the Presentation

Once the user feels he or she has become familiar with the zones, their boundaries, and
the gestures, he or she can run a presentation. The user can select any Microsoft
PowerPoint presentation. After selection, the presentation runs in the slideshow mode and
it can be controlled by the use of the hand gestures as input. There is no need for the
mouse or keyboard at this point although they are fully functional at the time the
presentation is running.
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4. Implementation

The previous chapters dealt with understanding the theoretical nature of the problem. The
next step is the implementation of the suggested solution. This chapter introduces the tool
used (MATLAB 7.0) and describes the functions used during the implementation phase.

4.1 MATLAB 7.0

The research work was implemented in MATLAB 7.0 which is a product of MathWorks
Corp. MATLAB® is a high-performance language for technical computing. It integrates
computation, visualization and programming in an easy-to-use environment where
problems and solutions are expressed in familiar mathematical notation. Typical uses
include mathematical analysis and computation, data acquisition, data analysis,
application development; including graphical user interface. MATLAB is an interactive
system whose basic data element is an array that does not require dimensioning. This
allows the solving of many technical computing problems, especially those with matrix
and vector formulations, in a fraction of the time it would take to write a program in a
scalar non-interactive language such as C or Fortran. In industry, MATLAB is the tool of
choice for high-productivity research, development, and analysis. MATLAB features a
family of add-on application-specific solutions called toolboxes. Toolboxes are
comprehensive collections of MATLAB functions (M-files) that extend the MATLAB
environment to solve particular classes of problems. Toolboxes are available for many
areas, including Image Processing.

4.2 Image Acquisition

The Image Acquisition Toolbox is a collection of functions that extend the capability of
the MATLAB® environment. The toolbox supports a wide range of image acquisition
operations, including acquiring images through many types of image acquisition devices,
viewing a live video stream; starting acquisitions; configuring callback functions that
execute when certain events occur; and bringing the image data into the MATLAB
workspace.

As the application runs in real time, it is necessary to configure certain input device
parameters. The input device in this case was a simple, standard web camera. The device
specific parameters were the video resolution (this is set by the user) and the frame rate.
The frames that are logged can be stored in memory only or in memory and disk, in case
the user decides to save his or her gestures as an AVI file. Logging the frames in memory
only is generally faster. :

Each time a certain number of frames have been acquired certain functions are called and
executed. Given below is the sequence of functions that are called along with their
descriptions.
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4.3 Frame Averaging

Once the data or frames have been captured, every two frames are averaged together.
Only the red plane is used for getting the average. By using a linear combination of
images, a greater degree of precision is maintained instead of nesting mathematical
functions inside each other. The image is also rotated 180 degrees to adjust it according
to the camera position.

FRAME AVERAGING (Frames)
Start Loop

1- Get first frame.

2- Get second frame.

3- Rotate frames by 180 degrees.

4- Get the red planes for consecutive frames

5- Get average by performing linear combination.
End Loop

4.4 Image Preprocessing

Here the averaged image is binarized and then cleaned using a variety of morphological
filters applied in succession. The filters clean the image by removing isolated pixels and
spurious pixels. Very small holes are filled in by changing a pixel’s value according to
the majority (mode) in its eight neighborhood.

IMAGE PREPROCESSING (Averaged Frame)
1- Convert grayscale image to binarized image:
a. If pixel’s value is below 0.5, set to O.
b. If the pixel’s value is above 0.5, set to 1.
2- Clean image:
a. Remove each pixel whose value is 1 and is surrounded by
0's.
3- Smooth using mode:
a. If five or more pixels in a pixel’s 8-neighborhood are
1, set the pixel to 1 else set it to 0.
4~ Erode image:
a. If a foreground pixel has at least one neighbor
belonging to the background, delete the pixel.
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4.5 Region Labeling

Before an object can be described or recognized, its position in the image must be known,
and all pixels belonging to the object must be identified. This function first segments the
image into regions and then labels them. Since the pixels in a connected region are all
ultimately connected to each other, it is necessary to find only one pixel belonging to the
region. This pixel is known as the seed pixel. All other pixels connected to the seed pixel
are then found. The area and bounding box are calculated. The object inside the bounding
box is extracted and further processed.

REGION LABELING (Preprocessed Frame)
Start Loop through image
1- Get seed pixel and set its value to 1
2- Set all 4-neighbors of seed pixel to 1
End Loop

4.6 Area Calculation

Region labeling may result in a number of regions being produced. It is of interest to use
only that region which contains the hand object. The area property of the hand will be
used to determine if an object is a hand. Although it is assumed that the only object that
appears in the cameras field of view is the hand, other small objects may appear due to
noise. The object with the largest area is taken to be the hand.

CALCULATE AREA (Labeled Regions)
Start Loop through Number of Regions
1- Get area of each region
a. Count the number of pixels belonging to that region
2- If the area satisfies a threshold, it is taken as hand
Object else it is noise.
End Loop

4.7 Minimum Enclosing Rectangle

The system waits until a hand object is found. After it is known that a region contains a
hand, the minimum enclosing rectangle (MER) of the hand object must be found. The
MER is the smallest rectangle that will completely enclose the object. The coordinates of
the MER will be used to determine which zone the user’s hand is in.

MINIMUM ENCLOSING RECTANGLE (Region with Largest Area)

1- Find x-coordinates of the uppermost left corner of object

2- Find coordinates of the bottommost right corner of object

3- H = height of object by counting rows

4~ W = width of object by counting columns

5- Draw a rectangle of height H and width W that starts from the
uppermost coordinates to the bottommost coordinates.
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4.8 Thinning

It was shown that the basic structure of the human hand is the same regardless of age or
sex. The extra pixels of the segmented object comprise the thickness of the lines that
form the image. It is desirable to remove these extra pixels. This is done by thinning. the
problem lies in determining which pixels are redundant.

THIN IMAGE (Hand Object)

1- Delete pixel only if it has more than 1 and fewer than 7
neighbors.

2- Delete a pixel only if its counting index is 1.

3- Delete a pixel only if at least one of its neighbors in the
1,3, 5 direction is a background pixel.

4- Delete a pixel only if one of its neighbors in the
3,5, 7 direction is a background pixel.

5- Delete a pixel only if at least one of its neighbors in the
7,1, 3 direction is a background pixel.

6— Delete a pixel only if one of its neighbors in the
1,5, 7 direction is a background pixel.

The first rule ensures that the end points of the skeleton are not eroded and that pixels are
stripped from the boundary of the region, not from the inside.

The second rule ensures that formerly connected regions do not become separate. A pixel
with a counting index of 1 is connected to one other region only. The higher it’s counting
index, the more regions it is connected to.

The remaining rules are to remove the bias of the selection of pixels that are removed. By
doing passes over the image in different directions, all parts of the object are considered
equally.

4.9 Zone Determination

The zone of the segmented object is found with the help of the bounding box coordinates.
If the coordinates lie within the ranges of the work area partitions, then it belongs to that
particular zone.

ZONE DETERMINATION (MER of Hand Object, Dimensions of Image)

1- Get image dimensions in rows and columns.

2- col2=floor{column/2}).

3~ row2=floor(row/2).

4- ypos = y-coordinate of MER.

5- xpos = x-coordinate of MER.

6- w width of MER.

7- h = height of MER.

8- Determine zone:

IF ((ypos>=0 & ypos<=col) & (xpos>=0 & xpos<=row2))

zone=3

ELSEIF ((ypos>=0 & ypos<=col2) & (xXpos>=row2 & Xpos<=row))
zone=1 (Bottom Left)
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ELSEIF (ypos>=col2 & ypos<=col) & (xpos>=row2 & Xxpos<=rOW)
zone=2 (Bottom Right)
ELSE
msgbox (' Your hand is not in the correct zone', 'Zones');

END
4.10 Gesture Recognition

As was described earlier, the gestures are recognized by counting the number of
fingertips, and a finger is represented as a line of particular length. Given below is the
pseudo code for finding the fingertips.

4.10.1 Determination of Finger End Points

The end points of the thinned binary image are found and marked. An endpoint is a
foreground pixel that has exactly one foreground neighbor. The endpoints are
subsequently counted to determine how many fingers have been counted. The same is
repeated for all other gestures with the only difference being the number of fingers found.

DETERMINE ENDPOINTS (Thinned Object)
1- Establish a lookup table that is persistent.
2- Find the endpoints using the lookup table.

4.10.2 Calculation of Finger Length

The length of the finger should be long, so all other lines in an image that may represent
knuckles or some other small object should be eliminated. Skeletonization reduces an
object to a set of connected lines. The lined image must first be decomposed into a set of
disconnected lines before the length of each line can be calculated. This is done by
deleting each pixel that has three or more neighbors.

DETERMINE FINGER LENGTH (Thinned Image)
Start Loop through Image ,
1- For each foreground pixel, count the number of
foreground neighbors it has in each direction
2- If the number of neighbors is equal to or exceeds 3,
set that pixel to 0 (background).
End Loop

In order to be accepted as a finger, the length of each disconnected line is calculated and
compared against a threshold. If the length is equal to or exceeds the threshold, it is
counted as a finger otherwise it is not.
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Chapter 5 Results and Conclusion

5. Results and Conclusion

After analyzing the problem definition, gathering requirements, proposing a solution, and
implementing the system at hand, the next step is to derive results that describe the
performance of the system. This chapter describes the results of the application
developed. Screenshots are provided to show the processing of the system.

5.1 Image Preprocessing

Every image needs to undergo certain preprocessing steps to make it suitable for the
subsequent steps that include segmentation, feature extraction, and finally recognition.
There was no need to enhance the brightness or contrast of the image nor was there any
need to bring out details by application of smoothing and sharpening filters. There was
however the need to apply some morphological filters that would clean the image and
remove unwanted pixels that may be in the form of noise. Following are the results after
applying the morphological operations.

5.1.1 Image Cleaning and Segmentation Results

@ ®
Figure 5.1 Cleaning and segmentation results: a) Original b) Binarized c) Cleaned d) Original
¢) Binarized f) Cleaned

As can be seen from Figure 5.1, the morphological filters have done a good job in
removing redundant pixels. The date in Figure 5.1a has been completely removed and the
watch dial of the wristwatch has been aimost entirely eliminated. In the second sample of
Figure 5.1d, the outer contours of the fingers and hand are cleaner and smoother.
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5.2 Thinning

Thinning or skeletonization is the process by which an image is reduced to lines one pixel

in width. By reducing a hand image to a bare skeleton, recognition of fingers can be
realized.

(e ®
Figure 5.2 Thinned Images: Figures a, ¢, e are the original. Figures b, d, f are the thinned
images
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The hands in Figure 5.2 belong to three different people- one male and two females.
Although humans physically differ a great deal from the outside, their underlying skeletal
structure is fundamentally the same. Thinning reduces a potential hand to its essential
skeletal structure. This structure essentially consists of an arm extending/dividing into a
number of lines representing fingers. By capturing that structure and its features, the
fingers can be counted with high accuracy.

5.3 Calculating Finger Length

Counting the endpoints of the lines in a thinned image is not sufficient to declare
recognition of gesture. In this case, the length of the fingers was used as well to verify the
number of extended fingers. Certain lines may appear due to noise or knuckles.

© @
Figure 5.3 Counting fingers based on their length: a) Original b) Lengths computed c¢) Original
d) Lengths computed
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The fingers in Finger 5.3 appear as long extensions in the upwards direction. Before the
length of the fingers can be calculated, the lines of the thinned image must be separated.
This can be done by removing those skeletal pixels connected to three or more
foreground pixels. Small lines that sprout from the wrist are not included in the counting
of fingers. The different colors in Figure 5.3b and Figure 5.3d indicate different objects.

5.4 Thresholding Lengths

After the image has been thinned and the lines disconnected from one another, it must be
decided whether the length of the line justifies a finger. A threshold is used to determine
whether the length of a line is sufficient to depict a finger. If the length exceeds the
threshold it is counted as a finger otherwise it is not.

5.5 Gesture Recognition Results

The GUI is shown in Figure 5.4. The user can first train him or herself and then operate
the PowerPoint presentation.

e B e e A B AR L0 S SRR S A

Hand Gesture Training

e JJ%WWN%

Zone3 GO7O 1 GOTO2 GO703 GO704 GOTOS
Zone 2 Lost
Zone 1  Previous Next

Figure 5.4 Application interface
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Figure 5.5 shows the preview window in which the user can view his or her hand while
the real time video is being captured. This allows the user to be able to coordinate his or
her hand movement and positions within the zone.

Video Proview - winvide

|2, select HATLAB Help or Demos from the Help menu.

(' wvinvideo'):

k=conv2 (i,£112);
figure, imshow(1i); figu:
%—— 5/22/06 2:43 PM —-%

%-- 5/22/06 2:57 PM —-%
%—— 5/23/06 2:34 A ——%
%-- 5/23/06 6:11 AM —-%
$-- 5/23/06 B:42 AM --%

%~— 5/23/06 8:53 AM --%
=yvideoinput (' winvideo'
preview(v) ;

Figure 5.5 Live video previewing window
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5.5.1 Recognition of Previous Slide

When the user enters their hand in the camera view in a particular zone, the system
attempts to recognize the gesture. Shown in Figure 5.6 is the result for the Previous Slide
hand gesture which consists of extending a single finger in zone 1.

J%WWW

Zone3 GO7O1 GOTO02 GOTOI GOTO4 GOTOS
Zone 2 Lost Bt
Zone1  Previous Nexd

i

H
-

(oo fn (n_in. .fo

Figure §. 6 Recogmtlon of Prevnous Slide gesture recognition

As can be seen in Figure 5.6, the user is very clearly informed of what gesture has been
performed. The user can also see the division of the workspace into three distinct zones.
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5.5.2 Recognition of Next Slide

The Next Slide gesture takes place in the same zone (zone 1) and consists of two
extended fingers.

’ ) Vieo Peview - Q‘invideﬁﬂ

it dJ IR

Zone3d GOTD1 GO7T0D2 GO7D3 GOTD4 GOTDS
Zone 2 Last Bt
Gesture Is NEXT SLIDE Zons1  Previous Next

ecome I
figure,:
—%-~ 5/22/0
—%-- 5/22/0
—%-- §/23/0
F%-~ 5/23/0
—%-— 5/23/0
é—%-— 5/23/0

ideo:
preview

Flgure 5. 7 Recognition of Next Slide gesture recogmtlon

It is important to note that it is not necessary to fully stretch the fingers apart, as it is not
desirable to put the user in an uncomfortable position. It is necessary however to have
some space between the fingers.
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5.5.3 First Slide

The First Slide gesture is the same as the Previous Slide gesture- a single finger extended
in zone 2, as shown in Figure 5.8.

eview - winvideo:1 e

J%W%“N‘%

Zome3 GOTO1 GOTO2 GOTO3 GOTO4 GOTOS
Zone 2 Last Bt
Zone 1 Proviovs Nexd

e

in dn..tn_Lo _tn._.tn

44
Ay

igure 5 8 Recogmtlon of First Slide gesture recogm ion

Notice that quite a bit of the user’s arm is showing but this does not affect the
recognition.
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5.5.4 Last Slide

The gesture for Last Slide is the same as the gesture for the Next Slide i.e. extension of
two fingers. The zones, however, are different therefore the gesture classified and
command executed is different. As can be seen in Figure 5.9, the boundaries of the zone
change color when the user moves their hand from one zone to another. This is to
facilitate the user.

| Video Preview - winvideo:1 [ [

o stuves you i foudiartze your solf with the 20nes S thelr bayndaries

S 3] NAVRVRY

Zone3 GOTO?! GOTOZ GOVTOS GOVO4 GOTOS
Zone 2 Last Bt
Geshure Is Last Side Zone 4  Previous Noxt

. — }

% ——~

T

Flgure 5 9 Recogmtlon of Last Sllde gosture recogmtlon

Note that although the hand appears blurred in Figure 5.9 (this type of blurring is known
as motion blur and it is incurred when the user moves his or her hand into or out of the
zone) the gesture is still classified correctly. This implies that the image averaging and
cleaning results are sufficient to guarantee correct classification.
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5.5.5 GOTO Slide 1

By extending just the index finger (or any one finger) in zone three, the user can jump to
the first slide, as shown in Figure 5.10.

B ideq eié;v - winvideo:?

J?H‘M‘M‘?ﬂ

Zone3 GOTOY GOTO2 GOTOI GOTO¢ GOTUS
Zone 2 Last

Zone1  Provious Next

Figure 5.10 GOTO Slide 1 gesture recogmtlonﬁw T

It is clearly visible from Figure 5.10 that the user’s hand is not contained entirely within
the zone. However, the system still recognizes the gesture due to the thick boundaries that
prevent overlapping of gestures. Again the zone boundaries change color.
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5.5.6 GOTO Slide 2

This gesture is made by extending any two fingers- for example, the index and the middle
finger.

Video Preview - winvideo:1 [ [
Cl
i

i

I

&z

'l mmummmumumm

Zoned GOTO1 GOT02Z GOTOI GOTO4 GOTOS
Zone 2 Lost BR
Zone1  Arevious Next

| Flgnre 5'11 GOTO Slide 2 gesture recognltlon o

Note that although there is motion blur, classification is still correct.
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5.5.7 GOTO Slide 3

Results for this gesture are shown in Figure 5.12. By extending three fingers the user can
jump to the third slide.

 Video Preview ~winvi.. ]

m allows You to fumiliarize yourself with the zones end thelr bounderies

J ¥ W WM

Zore3 GOTD?! GOTD2 GOTDI GOTD4 GOTDS
Zone2  Fist Last Bat
GOTO Siide 3 Zone1 Peviws  Next

0 R V.
Figure 5.12 GOTO Slide 3 gesture recognition
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5.5.8 GOTO Slide 4

Within the third zone, the user can place his or her hand anywhere i.e. to the left, right or
center. The area in which recognition is taking place is larger.

‘ Video reierw;ni'ﬁwlfidv ' . .

= || Juwywes |

Zone3 GOTO?! GOTO2 GOTOS GOTO4 GOTOS
Zone2  First Lost Ext i

GOTO 58de 4 Zone1 Arevious  Nexd |

Flgure 5. 13 GOTO Slide 4 gesture recogmtlon

Note that the user’s fingers are relaxed as shown in Figure 5.13. They are spaced apart,
but they are not deliberately stretched.
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5.5.9 Exit Slideshow

By opening the hand, the user can exit the presentation. The PowerPoint presentation will
end, as shown in Figure 5.14.

J?@@‘M‘N‘%

Zone3 GOTO? GOTOZ GOTOS GOTO4 GOTOS
Lost Bot
Zone1  Frevious Nexd

e

I—“'

Flgure 5.14 Elt Slideshow gesture recogmtlon
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5.5.10 Begin Presentation

Once the user feels that he or she has become familiar with the zones, their boundaries,
and the gestures, he or she is ready to begin presenting. The user can select any Microsoft
PowerPoint® presentation and control it using hand gestures as input. The mouse and
keyboard, although fully functional, are not needed to navigate the slides as shown in
Figure 5.15.

Vldeo Prf-wew w

Hand Gesture Training

| anure 5.15 Begin Presentatlon-select *.ppt file

Real Time Zone Based Hand Gesture Recognition System 49



Chapter 5

Results and Conclusion

5.6 Analysis

A recognition system has been developed that allows a user to control a Microsoft
PowerPoint® presentation via hand gestures. A workplace divided into three zones is
designated as the place of recognition. The features of the application developed can be
appreciated by comparing it with the features of other, similar applications.

Research Name Method # Zones | Recognition Rate | Miscellaneous

Vision Based Gesture Recognition HMM 1 N/A 1 or 2 hands

Real Time Hand Gesture System Based FSM 8 95-100 -

on Evolutionary Search

Computer Vision Based Gesture Counting N/A N/A -

Recognition for an Augmented Reality Fingers

Interface

Accurate Recognition of Large Number 3-layer 1 89.6 -

of Hand Gestures _algorithm

CHARADE: Remote Control of Driver 1 N/A 16 gestures, uses

Objects Using Free Hand Gestures algorithm DataGlove

Interaction via Motion Observation Image 5 N/A -
Subtraction

Table 5.1 Analysis of features of similar research work

The research work presented has several different features-
- It is a vision based system that does not employ the use of a DataGlove.

- It consists of three zones.

- It uses five gestures to execute nine different commands.
- The same gesture can be used in different zones to imply different meanings.
- It uses a method based on the skeleton of the human hand.
- The system can be used by left and right handed users.

Given in Table 5.2 are some objective results for the recognition rate of the developed

system
Gesture Male Success Rate % Female Success Rate %
Previous 90~100 90~100
Next 90~100 90~100
Exit 80~100 80~100
GOTO 3 80~100 80~100
GOTO 4 80~100 80~100

Table 5.2 Objective results for recognition rate

The recognition results for gestures containing five fingers are lower because sometimes
the thumb does not get counted as a finger. When three fingers are extended problems

some time arise due to knuckles.
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5.7 Conclusion

The diversity of computer users has increased greatly over the past several decades to
include people of all age and caliber. This variety includes the very old and the very
young. Also included are those with physical disabilities. The field of hand gesture
recognition continues to gain popularity with time as it is becoming painfully clear that
the conventional methods of data input restrict the user in many ways and are not a
natural or convenient way for data input. Thus, in this research a human computer
interface system has been developed that allows a user to give a presentation to an
audience in real time using Microsoft PowerPoint®. The user can simultaneously control
the machine and communicate with other machines or persons. Constraints include the
preference for long sleeved, dark clothing and the orientation of the camera. Some of the
distinctive features of this research are:

5.7.1 Elimination of Immersion Syndrome

As all gestures are to be recognized in the working zone, the user does not face the
problems of being fully immersed by the system. This is because the vision system only
attempts to recognize those gestures that take place within the workspace. As no other
gesture is captured by the system, they are ignored. If several devices are set up, each
with their own work area, or perhaps some sharing work areas, then the user can easily
communicate with the devices without the confusion of which system the gesture is for.

5.7.2 Natural Gestures to Allow Ease of Use

Conventional interfaces including mice and keyboards pose problems for those
individuals with physical disabilities. Motor-impaired users are often incapable of using
their limbs efficiently and they may suffer from tremors. Persons of age find it difficult to
hold the mouse for long periods of time or to curve their fingers on the keyboard. A
computer vision based system that uses hand gestures as input is ideal especially when
the gestures are such that they resemble natural, human like gestures. In this way, not
only is it easy to execute the gesture but also it is easy to remember what the gesture is
and what it is user for. The gestures were carefully chosen so that the commands they
execute would appear to match the shape of the gesture.

5.7.3 Open to Left or Right Handed Users

The gesture lexicon and subsequent recognition is such that it does not matter whether the
user is left or right handed. As recognition is based on the number of fingers extended, it
does not matter what hand is used and the user can also alternate between both hands.
Also, there is only the need for one hand at a time.
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5.7.4 Same Gestures in Different Zones

In this research, the purpose of the zone was to facilitate the user, so that they can avoid
the Immersion Syndrome and the system so that it does not attempt to recognize all
gestures despite the intention. In other zone based systems, the authors have used
different gestures for each zone. In this work however, as the zones are distinct, the
gestures can be repeated i.e. the same gesture can be used to execute different commands.
According to which zone the gesture is taking place, the corresponding action will be
taken. In this way, the gesture lexicon is reduced and the user as well as the system does
not have to remember so many gestures

5.7.5 Real Time Processing

As the development was done in MATLAB, the system is nearly real time. The speed of
the application can be improved by implementing the system using Microsoft Visual
C++. The system acquires images in real time, so this application can be an ideal
commercial product for speakers who frequently give presentations in different
conferences, seminars, universities etc.

5.8 Future Enhancements

Some suggestions for future enhancement include the description of new gestures to
extend the functionality of the system. For example, mouse movement control could be
incorporated into the system so that when the user moves their hand the mouse follows
the path of their hand. This would mean the development of a tracking system. The
system could be modified to work without the need for an explicitly defined zone or if the
zone boundaries were relative to the hand position. Also, the gesture system could be
extended into a sign language system for the deaf.
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A.1 Hardware and Software Installation Notes

In order to run the designed application, MATLAB 7.0 must be installed on the system.
The processor speed should be at least 266 MHz. to install MATLAB 7.0, insert the CD
in the CD-ROM or DVD-ROM. Setup will automatically run and begin to install the
software on your system. The toolboxes which must be installed are the Image Processing
Toolbox and the Image Acquisition Toolbox. Installation of the documentation can be
skipped.

For image acquisition, an acquisition device must be attached to the computer and
running. The device can be a professional grade image acquisition device, such as a
frame grabber, or a generic Windows image acquisition device, such as a Webcam. The
camera used during design was Creative PC-CAM 350. To use the Image Acquisition
Toolbox, you must install and configure your image acquisition device. This includes

a) Installing the frame grabber board in your computer.

b) Installing any software drivers required by the device. These are supplied by the
device vendor.

c¢) Connecting a camera to a connector on the frame grabber board.

d) Verifying that the camera is working properly by running the application software that
came with the camera and viewing a live video stream.

Note: after installation of the acquisition, it must be checked whther MATLAB supports
such a device. Using the imaghwinfo() function, you get several pieces of
information that the toolbox needs to uniquely identify the image acquisition device you
want to access. One of these pieces of information is known as an Adaptor. An adaptor is
the software that the toolbox uses to communicate with an image acquisition device via
its device driver. The toolbox includes adaptors for certain vendors of image acquisition
equipment and for particular classes of image acquisition devices.
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A.2 Frame Averaging

Q.

% Getting an average image from the frames captured

for i=1:NumFrames

$ First frame and second frames

imgl=data(:,:,:,1);
img2=data(:,:,:,i+1l);
% Rotate to adjust to camera positions
imgl=imrotate (imgl, 180);
img2=imrotate (img2, 180) ;
img3=imlincomb (0.5, imgl, 0.5, img2) ;
$Get the red planes for consecutive frames
imgRedl=imgl(:,:,1);
imgRed2=img2 (:,:,1);
imgRedl=im2double (imgRedl) ;
imgRed2=im2double (imgRed2) ;
% Get average
ravg=imlincomb (0.5, imgRedl, 0.5, imgRed2) ;

end

A.3 Image Preprocessing
% Preprocessing the image
bw=im2bw(ravg, 0.5} ;
bwO=bwmorph (bw, 'clean') ;
bwl=bwmorph (bw0, 'spur’) ;
bw2=bwmorph (bwl, 'majority');
bw3=bwmorph (bw2, 'erode"') ;

A.4 Region Labeling

% Getting the region properties-will get the filled image &

BoundingBox

[L N]=bwlabel (bw3);

stats=regionprops (L, 'Area’,

'FilledImage', 'BoundingBox', 'ConvexImage', 'Centroid’') ;

areaa=[stats (i) .Areal;
if (areaa>=1500)

[im fill Bbox chl]=RegionProp (bw3,1i);
ypos=Bbox (1) ;

xpos=Bbox (2} ;

h=Bbox (3) ;

w=Bbox (4) ;

B=bwmorph(im_fill, 'clean’);
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Bl=bwmorph (B, 'spur');
B3=bwmorph (Bl, 'majority");

A.S Thinning

[}

% Applying thinning
Bthin=bwmorph (B3, 'thin’', Inf):

A.6 Zone Determination

col2=floor(col/2);
row2=floor (row/2);

% Top left Quadrant
if ((ypos>=0 & ypos<=col) & (xpos>=0 & xpos<=row2))
zone=3

% Bottlom Left Quadrant
elseif ((ypos>=0 & ypos<=col2) & (Xpos>=row2 & Xpos<=row))
zone=1

% Bottom Right Quadrant
elseif ((ypos>=col2 & ypos<=col) & (xpos>=row2 & XposS<=row))
zone=2;
else
msgbox (' Your hand is not in the correct zone', 'Zones');

end

A.7 Gesture Recognition

A.7.1 Determination of Finger End Points

% Finding the number of fingers extended by counting endpoints
[stats2 Nend bbox distance]=MarkEnds (RGB1,g);

if (Nend==1)% Have to check for previous gestures
msg='Pp'
set (R, 'String',"' "):
set (R, 'String’', '"Gesture is PREVIOUS SLIDE'):;
% Draw lines so the user can see where their hand is
set (gcf, 'CurrentBxes', Display);
imshow (img3) ;
$This will draw lines, coordinates are given as [y y], [x x]
line([col2 col2], [row2 row], 'Color', 'y','LineWidth',5);

line([1 col], [row2 row2], 'Color', 'y','LineWidth',5);
end
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A.7.2 Calculation of Finger Length

[m n]=size (bthin);
bthin=im2uint8 (bthin) ;
bthin(m-35:m,1:n)=0;

if (bthin (i, j)==255)
if (bthin(i-1,j)==255 )
count=count+1;
end

if (bthin(i, j-1)==255)
count=count+1;
end

if (bthin(i, j+1)==255)
count=count+l;
end

if (bthin(i+1, j)==255)
count=count+1;
end

if (bthin(i-1,j-1)==255)
count=count+l;
end

if (bthin(i-1, j+1)==255)
count=count+l;
end

if (bthin(i+1,j-1)==255 )
count=count+l;
end

if (bthin(i+l, j+1)==255 )
count=count+1;
end

if (count>=3)
bthin(i,j)=0;
end

end
end end
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