TABLE OF CONTENTS
Acknowledgement……………………………………………………………….....…..i
Abstract…………………………………………………….......................................…ii
Table of contents………………………………………………………….....................iii
List of Figures……………………………………………………………………….....vi
List of Tables..................................................................................................................vii
List of Abbreviations......................................................................................................viii
Chapter 1 Introduction.……………………………………………..………………......1
1.1 What is Virtual Retinal Display...............................................……….…....2
1.1.1 System drive electronics..................................................................3
1.1.2 Light source Module.......................................................................3
1.1.3 Scanner Assembly...........................................................................4
1.1.3.1 Electrostatic Actuation....................................................6
1.1.3.2 Electromagnetic Actuation...............................................7
1.1.3.3 Piezoelectric Actuation....................................................8
1.1.4 Optical Projection............................................................................9
1.1.5 Viewer optics..................................................................................9
Chapter 2 Features of Virtual Retinal Display................................................................10
2.1 Colour Range..............................................................................................10
.

2.2 Resolution..................................................................................................10
2.3 Field of View.............................................................................................10
2.4 Luminance..................................................................................................10
iii

2.5 Viewing Modes...........................................................................................10
2.6 Power Consumption...................................................................................11
2.7 Security.......................................................................................................11
2.8 Greater portability........................................................................................11
2.9 Safety...........................................................................................................11
Chapter 3 Problem with the existing units............................................................…......12
3.1 Virtual Retinal Display Unit ...............................................................……12
3.2 Head mounted display unit...........................................................….......…12
3.3 Electrooculogram Unit....................................................................……….12
3.4 Voice Command Controller.........................................................................13
Chapter 4 Building Blocks of Proposed System...............................................................14
4.1 Intergrated photonics module (IPM) in Virtual Retinal Display..................14
4.2 Lens and Intensity Reducer..........................................................................15
4.3 Moveable Mini Camera............................................................................................15
4.4 Uniquely Architected Spectacles..............................................................................16
4.5 Modified Voice Command Controller.....................................................................17

4.5.1 System overview..............................................................................18
4.5.2 Front End Feature Extraction and Feature Selection.......................19
4.5.3 Codebook training...........................................................................20
4.5.4 Vector Quantization........................................................................20
4.5.5 Discrete Hidden Markov Model......................................................20
4.5.6 Corrective Training...........................................................................21

iv

4.6 Modified Electrooculogram Unit...................................................................21
4.7 Mobile Phone Printed Circuit Board..............................................................23
Chapter 5 Functional Flow...............................................................................................25
Chapter 6 Conclusion........................................................................................................27
References and Links........................................................................................................ix

v

LIST OF FIGURES

i)

Figure 2.1 Block Diagram of a Virtual Retinal Display System. ............................2

ii)

Figure 2.2 Acousto-optic modulator........................................................................4

iii)

Figure 2.3 : MRS/Galvanometer mirror scanner assembly......................................5

iv)

Figure 2.4: MEMS 2D scanning mirror architecture................................................6

v)

Figure 5.1 Integrated Photonics Module…………………………………….….…8

vi)

Figure 5.2 Voice Recognition System Overview…………………..…......….….….……10

vii)

Figure 5.3 Principle of EOG………………………………………….…..……....…...….11

viii) Figure 6.1 Functional Flow Diagram......................................................................17

vi

LIST OF TABLES

i)

Table 2.1:θ·D and Horizontal Frequency Requirements of Various Resolutions....6

ii)

Table 2.2:Comparison of properties of different actuation principles………….....9

vii

LIST OF ABBREVIATIONS
VRD

Virtual Retinal Display

LED

Light Emitting Diode

MRS

Mechanical Resonant Scanner

ES

Electrostatic

EM

Electromagnetic

PE

Piezoelectric

MEMS

Micro Electro Mechanical Systems

CRT

Cathode Ray Oscilloscope

VGA

Video Graphic Array

FPD

Flat Panel Display

CRO

Cathode Ray Oscilloscope

IPM

Integrated Photonics Module

DHMM

Discrete Hidden Markov Model

LPCC

Linear Predictive Cepstral Coding

VQ

Vector Quantization

STFT

Short Time Fourier Transform

LLS

Logarithmic Likelihood Score

viii

Model Engineering College

Interactive Interface Management
Using Virtual Retinal Display

Chapter 1

INTRODUCTION
Interactive interface management in ambulatory devices is to make the interaction of
various categories of differently-abled people possible with ease. For those who
possess disabled upper or lower or both limbs, interaction is possible via gaze and
voice control. For a person with visual disabilities, it could work using voice controls.
For a person with hearing and speaking disabilities, it could work by eye movements.
The existing product is only intended to provide any ambulatory device that uses a
low-cost eye contact sensor to detect for its user in a face-to-face conversation mode
through the ambulatory devices. The limitation of these devices is that the prototype is
used along with normal mobile phones. To improve the efficiency and decreasing the
cost, making it economical we have to make use of the Virtual Retinal Display(VRD),
the concept of the speech recognition and gaze detectors. VRD uses a tiny
semiconductor laser or special LED’s as light source and collimates the light beam
directly into the retina of the eye. This product could be architected by replacing the
regular modules in the ambulatory devices with alternative which is mounted on to a
spectacle lookalike component. The usual glowing screen displays would be replaced
by the VRD. The keypad or the touch sensitive interface would be replaced by the
interface that interacts by detecting the eye movement or voice commands given by
the user. The ear piece of the device would be replaced by the ear phones that would
render uninterrupted audio. The microphone would function, so as to render or input
the voice commands given by the user to the controller of the device. Additionally a
moveable mini camera is used for the purpose of video calling and video recording.
1.1 Virtual Retinal Display
Virtual Retinal Display is a screen less display that projects an image directly onto the
human retina. With the VRD it may be possible to realize higher resolution, greater
colour saturation, higher brightness and larger field-of-view than a traditional LCD or
CRT screen-based system. Although the technology was invented by the University of
Washington in the Human Interface Technology Lab (HIT) in 1991, development did
not begin until 1993, the technology still needs much refinement and has only been

Department of Electronics Engineering

1

Model Engineering College

Interactive Interface Management
Using Virtual Retinal Display

commercialized in specialized sectors of the display market such as automobile repair
and some parts of the military.

Figure 1.1: Block Diagram of a Virtual Retinal Display System.[4]

VRD consists of 3 units-System unit, Interconnect cable, and Display unit. System
Unit contains drive electronics and a light source module. Interconnect cable carries
optical fibres and several other electrical conductors between system unit and display
unit. Display is either head mounted or helmet mounted. It contains the scanner
assembly, pupil expander, viewer optics.
1.1.1 System drive electronics
System drive electronics of virtual retinal display controls the light intensity
modulation, scanner deflection and the synchronization between modulation and
scanning .The horizontal and vertical synchronization signals in the video signal are
used to determine carrier synchronization. The system drive electronics receive and
process an incoming video signal, provide image compensation, and control image
display. The system drive electronics also provide the drive signals controlling the
phasing of the image, and overall system timing.
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1.1.2 Light source Module
The light source module contains laser light sources, light modulators, and a colour
combiner. The laser light sources are red, green, and blue (RGB) or a combination of
the three. The light modulators modulate the light from each of the laser light sources.
Modulation is controlled by signals from the system drive electronics. The colour
combiner combines the individually modulated red, green, and blue beams to produce
a single beam of white light. According to conventional additive theory, any colour
can be represented as a mixture of three appropriately chosen primary colours such as
red, green, blue colours. Generally two types of intensity modulation of lasers are
done in existing designs. They are laser diode modulation and acoustic optic
modulation. The laser diode modulation is generally used for red laser. The small rise
time of the solid state diode laser device allows high bandwidth(up to 100Mhz)
analog modulation. The system drive electronics regulate the voltage seen by the laser
current driver and it controls the light output power from the laser. Acoustic optic
modulators modulate the intensity of the green , blue, green laser beams.
An acousto-optic modulator uses the acousto-optic effect to diffract and shift the
frequency of light using sound waves (usually at radio-frequency). They are used
in lasers for Q-switching,

telecommunications

for

signal modulation,

and

in spectroscopy for frequency control. A piezoelectric transducer is attached to a
material such as glass. An oscillating electric signal drives the transducer to vibrate,
which creates sound waves in the material. These can be thought of as moving
periodic planes of expansion and compression that change the index of refraction.
Acoustic optic modulators create a sound wave grating in a quartz crystal through
which a light beam passes. The sound wave creates alternate regions of compression
and rarefaction inside the crystal. These alternating regions locally change the
refractive index of the material. Areas of

compression corresponds to higher

refractive indices and areas of rarefaction corresponds to lower refractive indices. The
alternating regions of refractive index act as grating and diffract the light. As the
sound wave traverses the light beam , the diffracted beam is intensity modulated .
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Figure 1.2. Acousto-optic modulator.[8]
1.1.3 Scanner Assembly
The scanners of the VRD scan the raster pattern on the retina. The angular deviation
of the horizontal scanner combined with the angular magnification of the imaging
optics determines the horizontal field of view. The angular deviation of the vertical
scanner combined with angular magnification of the imaging optics determines the
vertical field of view. The scanning device consists of a mechanical resonant scanner
and galvanometer mirror configuration .The horizontal scanner is the mechanical
resonant scanner(MRS).The MRS has a flux circuit induced by coils which are
beneath a spring plate and thereby moves the scanner mirror through an angle over
time. In a design developed by Human Interface Technology Laboratory the vertical
deflection mirror was chosen as the galvanometer mirror. The galvanometer mirror is
an electromechanical instrument that indicates when it has sensed an electric current
by deflecting a light beam with a mirror. The galvanometer deflection can be selected
according to the aspect ratio of the display. The galvanometer mirror and horizontal
scanner are arranged in what is believed to be a novel configuration such that the
horizontal scan is multiplied. Such that the beam entering the scanner assembly first
strikes the horizontal scanner then strikes the vertical scanner. The beam is reflected
back to the horizontal scanner before exiting the scanner configuration.
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Figure 1.3 : MRS/Galvanometer mirror scanner assembly.[4]
For more compact designs, techniques from micro electro mechanical systems may
be utilized in the fabrication of scanners. Micro-electro-Mechanical systems(MEMS)
is the integration of mechanical elements, sensors, actuators, and electronics on a
common silicon substrate through the utilization of micro fabrication technology.
Optical MEMS scanners can be classified according to the following three categories
1) operation principle (reflective mirror, refractive lens, and diffractive grating), 2)
actuation principle (mainly electrostatic, electromagnetic, piezoelectric, and 3)
fabrication technology (e.g. bulk micromachining, surface micromachining, and
hybrid fabrication methodologies). The three main actuation principles to be
considered here are electrostatic actuation (ES), electromagnetic actuation (EM), and
piezoelectric actuation (PE).

Figure 1.4: MEMS 2D scanning mirror architecture.[9]
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Table 1.1: θ ·D and Horizontal Frequency Requirements of Various Resolutions.[9]

1.1.3.1 Electrostatic Actuation

The working principle of ES actuation relies on the attraction of two oppositely
charged plates. The electrostatic force between two plates can be expressed as

where A is the overlap area of the plates , ϵ is the dielectric constant of the medium
(i.e. air), V is the voltage difference applied between the plates, and g is the gap
between the plates.
There are two main schemes of electrostatic actuation: comb actuation and parallelplate actuation. Parallel-plate actuation has great utility for many applications with a
low θ ·D-requirement and is still favoured for bi-stable mirrors. The basic version of
the parallel plate actuator is practically very limited in scan range, since very high
actuation voltages are soon required due to large electrode separation. On the other
hand, comb drive actuation has been the preferred actuation method for ES high
frequency scanners since the turn of the century. In this scheme multiple plates are
attached to each other like comb fingers to constitute two interdigitated rows, one
static and one free to move . ES actuation provides long-term stability, size
advantages, and fabrication schemes which are easier to render CMOS compatible.
On the other hand, it requires high voltages to operate, and is sensitive to inexactness
in micro fabrication due to the pull-in phenomenon.
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1.1.3.2 Electromagnetic Actuation

There are two major EM schemes in use: moving magnet and moving coil. The
former uses an external coil together with either a bulk magnet or a thin magnetic film
deposited onto the device. It offers simple micro fabrication and eliminates the need
of electrical contacts since the actuation is driven with an off-chip coil. In the moving
coil scheme, a coil is fabricated onto a scanner and external magnets are used to
provide a static magnetic field.The configuration makes use of the Lorentz force
acting on the coil when a current is present. Lorentz force, magnetic torque, and the
power consumption of the coil can be calculated as below

where B is the magnetic field, i the current, l the length of the conductor, N the
number of coil turns, rn the distance of the nth coil turn from the center, and R the
resistance of the coil. Since the actuation force naturally scales with the area,
comparative efficiency of EM versus ES actuation increases with increasing mirror
size. EM actuation also has a more linear response than the competing principles,
rendering it the most suitable for linear slow scanners. However, there are also
drawbacks. The achievable performance of the electromagnetically actuated MEMS
scanner is limited by the large thermal dissipation of the coil. High conducting
currents inside a coil also consume significant power, which is a particularly critical
aspect for mobile devices. Additionally, magnets strong enough for high performance
take up a significant space and might require magnetic shielding. This leads to total
package sizes that are larger than the ones for comparable ES and PE scanners.

1.1.3.3 Piezoelectric Actuation
It has become accepted as a major actuation principle for MEMS scanners during the
last decade. They are typically bulky and require hybrid fabrication, which leads to a
less streamlined process. On the other hand, they are readily available, low cost, and
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can offer high force. The working principle of piezoelectric transducer thin film based
actuators for MEMS scanners relies on the stress emanating from the expansion of the
piezoelectric transducer film in x direction when voltage is applied in the z direction.
Relevant piezoelectric coefficients for this effect are e31 and d31, which translate the
strain and the stress, respectively, in x direction as a function of E field in z direction
PE actuation has several distinct advantages. In contrast to EM scanners no magnets
or shielding is required, while PE devices simultaneously operate at a much lower
voltage than typically needed for ES scanners. PE films have a large energy density
and deliver high forces, but a major drawback is the short stroke length. High
frequency PE scanners offer equal performance at much lower voltage levels than ES
scanners and has a higher energy efficiency and much smaller package size compared
to EM scanner .In a scanner with direct drive the torque is imparted directly from the
actuation mechanism to the frame containing the mirror. The indirect drive makes use
of a favourable resonance mode to amplify a small motion in a larger mass to a
considerably larger motion in the smaller mirror .In a mechanically coupled scanner
there will be two possible scanning modes. In the in-phase mode the mirror and the
larger mass will move together, while in the out-of-phase mode they will rotate in
opposite directions. The angular coupling factor is the rotation ratio of the two
masses.
Table 1.2:Comparison of properties of different actuation principles.[9]

1.1.4 Optical Projection
Optical projection unit contains a pupil expander , which is an optical device that
increases the viewer’s field of view. The raster image created by the horizontal and
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vertical scanners passes through the optical expander and to the viewer optics. For
applications that require better image quality using less power, we can dispense with
the exit pupil expander altogether either by using a larger scanner mirror to make a
larger exit pupil or by actively tracking the pupil to steer light in to it.
1.1.5 Viewer optics
The viewer optics relay the scanned raster image to the oculars worn by the user. The
optical system varies according to the application.
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Chapter 2

FEATURES OF VIRTUAL RETINAL DISPLAY
The following sections describe some of the advantages of using virtual retinal
display as display.
2.1 Colour Range
The range of colours that can be produced by a VRD is significantly greater than that
of CRT's and other displays.
2.2 Resolution
Only diffraction and optical aberrations of the light sources limit the resolution of the
VRD. It also depends in limits in scanning frequency and modulation bandwidth of
the photon source.
2.3 Field of View
This instantaneous field-of-view is a function of the deflection of the scanner and
magnification in the receiving optics, and is selected to convey the best VGA image
on the retina.
2.4 Luminance
The amount of energy incident at the corneal surface needed by the VRD to match a
series of CRT images ranged from 60 nW to a little over 300 nW. In addition, it was
found that the VRD requires three to four times less energy to match an image on a
CRT.
2.5 Viewing Modes
The VRD can be used in two viewing modes, occluded or augmented. In the occluded
mode, the outside environment is not visible and only images generated by the VRD
can be seen. In the augmented mode, the VRD can overlay an image on the real world
allowing both to be seen at the same time.
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2.6 Power Consumption
Both backlit FPDs and CRTs draw substantial power to produce radiant energy. As a
result because most of their energy input is lost due to scattering, the luminance
efficiency is significantly reduced. In addition, the displays consume the majority of
the battery power in portable devices. The VRD technology, by contrast, conveys
virtually all of its generated light onto the retina, allowing a brighter display with
minimum power requirements.
2.7 Security
The VRD display can be engineered such that most of the light produced by the VRD
display would enter the pupils of the user, leaving comparatively little back-scattered
away from the viewer, that is the person who wears the head mounted display can
only see the data, others cannot. This would make a potentially more secure display
than which is currently available.
2.8 Greater portability
The combination of diode, lenses and processing components in the retinal projector
system will weight only few ounces.
2.9 Safety
It is believed that VRD based Laser or LED displays are not harmful to the human
eye, as they are of a far lower intensity compared to others. A VRD display uses about
a microwatt of power. Optical damage caused by lasers comes from its tendency to
concentrate its power in a very narrow area. This problem is overcome in VRD
systems as they are scanned, constantly shifting from point to point with the beams
focus. Damage to the eye could result if the laser stopped scanning with the beam
focused on a single point. This can be prevented by an emergency safety system to
detect the situation and shut it off.
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Chapter 3

PROBLEM WITH THE EXISTING UNITS

3.1 Virtual Retinal Display Unit

The VRD system projects light into one of the eyes and allows images to be laid over
the user view of real objects.VRD system can also show an image in each eye with a
very little angle difference for simulating 3-Dimensional scenes with high fidelity
spectral colours. This system generates essentially, only the photons, and hence it is
more efficient for mobile devices that are only designed to serve a single user. The
existing units for virtual retinal display make use of the complex units that are
comparatively heavier and costlier. The camera units used in the normal mobile
phones would be enclosed and only the lens part of it is visible from outside. They are
stationary and cannot be adjusted according to the requirements of the user.

3.2 Head mounted display unit

The size of the unit would be comparatively large compared with that of an ordinary
ambulatory device as generally it covers. The entire head or rarely the eye of the user
and hence would be heavier. The display looks distinguished and odd from the
perspective of the spectator.

3.3 Electro-Oculogram Unit

The usual electro-oculogram unit would usually consist of highly sensitive electrodes
and display through Cathode Ray Oscilloscope (CRO). The electro-oculogram with
the help of its electrodes senses the change in potential difference. This is given as
input to the amplifier and after amplification its signals are given as the display in the
CRO. Thus the presence of the amplifier unit makes the entire module heavier, and
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the component that consists of the CRO occupies majority of the space for the
ambulatory device.

3.4 Voice Command Controller
The modern voice controllers has the ability to recognize the word as a whole, also
has the capacity to recognize the sentences and even the passages. The complexity
further increases with the increase in the features and in the technologies being used.
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Chapter 4

BUILDING BLOCKS OF PROPOSED SYSTEM

4.1 Integrated photonics module (IPM) in Virtual Retinal Display
IPM is a miniature laser projection engine that guarantees automotive display and
generates the power to create displays that boast exceptional image contrast, intense
brightness, high resolution and excellent dynamic colour range. There are various
types of IPM each using different technology. We focuses on the MEMS (MicroElectro-Mechanical Systems) based IPM’s. Bi-axial MEMS scanner incorporates a
miniature mirror to render images pixel by pixel. The advantage of using this is that
manufacturing cost and power requirements are low. The Laser is a spectrally pure
light that delivers brilliant colours using tiny red, green and blue lasers. The
advantage of using this is that it provides vivid and intense colours that are fully
daylight readable. Tiny optics combines red, green and blue Laser beams into a single
focused beam. It overcomes the limitations of the existing system as the size, weight,
and manufacturing cost are reduced. It also has attributed its ability to present the data
in high resolution. Integrated electronic chip controls the MEMS scanner, modulate
the laser light, and handle the video source connection. The advantage of using this is
that it reduces complexity due to ASIC design and also it has ability to render any
information critical to the user. Integrated Photonics Module (IPM) is mainly used in
the field of miniature projectors. The IPM’s is preferred due to their small size and
also the clarity of pictures that they produce. When this is used in VRD it could
reduce the size of unit used, also sharper and better quality output is produced. The
aim of using this is to produce a full colour, wide field-of-view, high resolution, high
brightness and low cost virtual retinal display which could substitute the existing high
cost ambulatory devices for disabled.
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Figure 4.1: Integrated Photonics Module. [7]

4.2 Lens and Intensity Reducer
The average output produced by the IPM is more intense, which in turn could also be
affecting the human eye. Hence with the help of the intensity reducer, the output
intensity is reduced and this can then be collimated and focused on the retina of the
human eye. Lens is used to reduce the wide spread beam of the IPM output into a
collimated beam to pass through the lens of the eye. This beam passes through the
lens and results in the formation of the image on the retina of the user’s eye. The
resultant image is formed on the retina and is perceived as a wide field of view image
originating from some viewing distance in the space.

4.3 Moveable Mini Camera
The main use of the mini camera is for two purposes: Video Calling and Video
Capturing with respect to the first person point of view. Mini camera is of great use to
Department of Electronics Engineering
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the user during the process of the video calling. This could also be used for answering
the incoming video calls. For this specific intention, the adjustable camera needs to be
moved in-front for covering the required view of the user. The absence of the camera
will provide the video of the incoming video call, but will not provide the opponent
with the response of the user via video. The voice in the case of voice call or the video
in the case of video call is first received by the mobile device and later sent in the
form of electrical signals to the IPM display unit. This device would act as a boon to
those who would like to capture video in their point of view. In this above mentioned
two uses, the camera needs to be placed facing the user, but in this it needs to be the
opposite. The video that is recorded live is stored in the memory unit present.

4.4 Uniquely Architected Spectacles.

The spectacles need to be light so that the overall weight of the unit is reduced. The
frame is proposed to be made from the cellulose acetate particles so that it would be
sturdy and less in weight. The photo chromic lenses are requisite. The presence of the
cool shades would provide a better view in case of working with the videos. It is
mandatory for the lens to be made from fiber material in order to prevent from
causing damage to the human eye in case of any mishaps. The frame needs to be
crafted so that it exactly fits in a position like goggles and it could have provisions for
the fixation of the mini camera. The spectacles must have a hollow frame so that the
electrodes used in the electro-oculogram can be incorporated. The frame must be
designed in such away that there is a provision for annexation of the microphone to
receive the commands given by the user. The microphone would be affixed to the
spectacle. But it would be projected outward in order to receive the voice input given
by the user. This can be used to perform the basic functions as in the generic mobile
phones during conversation or voice recording. The achievable possibility of another
solution is that it would be able to read the commands given by the user and to
transfer it to the voice controller unit. The earphone used would be the ones similar to
the normal earphones used to listen to music. But this would be mounted on to the
spectacles providing a way for an integrated functioning.
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4.5 Modified Voice Command Controller
The input to this would be the voice command obtained from the microphone. The
voice command controller is restricted to recognize only a few of the commands in
order to reduce its complexity in identification of the right commands. The controller
would be able to recognize the sound of numbers from ‘0 to 9’, and also all the
alphabets from ‘a to z’. Before starting with the voice recognition, the mobile device
would give the sample pronunciation of some letters or numbers and would ask to
repeat in order to provide better understanding of the user’s voice. This controller
takes the voice input and compares it with those ones spelled out already by the user.
The micro phone could be disabled temporarily when mobile device is not active so
that there is no interference during a normal conversation with a neighbour by using a
separate voice command and again activated using the same.
The goal of speaker recognition is to identity the speaker by extraction,
characterization and recognition of the speaker-specific information contained in the
speech signal. Generally it involves two major tasks, speaker identification and
speaker verification. The speaker identification task is to determine who the speaker is
among a group of known speakers. The voice sample of the test speaker is compared
to all the known speaker models, to find the model with the closest match. The
speaker verification task is to determine whether the speaker is the person he or she
claims to be. The voice sample of the test speaker is compared to the target speaker
model, if the likelihood is above the threshold, the test speaker is accepted. Speaker
recognition methods can also be divided into text-dependent and text -independent
methods. In a text-dependent system, the recognition system has prior knowledge of
the text to be spoken and expects the user to be cooperative. The performance of a
recognition system is often better than text-independent system because of the prior
knowledge of the text. In a text-independent system, the system does not know the
text to be spoken by the user. Text-independent recognition is more difficult but also
more flexible. For example, the speaker recognition task can be done while the test
speaker is conducting other speech interactions .
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4.5.1 System overview
DHMM is employed to describe words that are to be recognized. There are two
phases to run the system, one is the training phase which is performed on a PC to get
the VQ code book and the DHMM models, the other is the recognizing phase which
is carried out on chip by using the well trained models written on flash. During the
training phase, all the training utterances are processed by the front end to get frame
based LPCC features, and then the VQ code book is trained by using these features
with k-mean clustering. Parameters of DHMM are trained by using the vector
quantized features with Baum-Welch algorithm. During the recognition phase, the
microphone accepts the speech, and features are extracted and vector-quantized. Then
the vector-quantized frame sequence is matched with each word model with Viterbi
decoding algorithm. The output likelihood scores are post-processed by the
classifying neural network and a label is given to indicate to reject or to accept the
utterance. This process completes the recognizing phase. The advantage of this
structure is that different vocabulary can be retrained easily and algorithms such as
corrective training are transparent to the on-chip model format. With the changeable
flash on chip, different vocabulary can be easily reconfigured for new recognition
applications.

Figure 4.2: Voice Recognition System Overview.[5]
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4.5.2 Front End Feature Extraction and Feature Selection
The feature extraction process transforms the raw signal into feature vectors in which
speaker-specific properties are emphasized and statistical redundancies are
suppressed. The speaker-specific characteristics of speech can be categorized into
physical and learned. The physical characteristics are the shapes and sizes of the
speech production organs, like vocal folds and vocal tract. The learned characteristics
include rhythm, intonation style, accent, choice of vocabulary and so on. The shortterm spectral features are the simplest, and most discriminative, so is most commonly
used in speaker recognition. The short-term spectral features convey information of
the spectral envelope. The spectral envelope contain information of the speaker’s
vocal tract characteristics, like the location and magnitude of the peaks

in the

spectrum, hence is commonly used for speaker recognition. In most of the spectral
analysis of the speech signal, short-term spectral analysis is used to obtain the
spectrogram. It is quite similar to the Short-Time Fourier Transform (STFT). Shortterm spectral analysis is done by framing the speech signal. There are many shortterm spectral features that convey information about the spectral envelope of the
speech signal, such as MFCC (Mel-Frequency Cepstral Coefficients), LPCC (Linear
Predictive Cepstral Coefficients).This speech recognition system chip uses LPCC, its
first order delta component ∆LPCC, energy (E), its first and second order delta
component as input features .Though Mel-Frequency Cepstral Coefficient (MFCC) is
more powerful and robust to noisy conditions, it is computational formidable. After
these features are combined and weighted heuristically, they are vector-quantized to
further reduce recognition complexity. Endpoint detection algorithm is used to
separate the utterances from environmental sound and burst noises. A very simple
endpoint detection algorithm based on Zero-Crossing Rate (ZCR) and frame energy is
adopted for computational requirements. The front-end processing module generally
includes silence detection, pre-emphasis, and feature extraction. Silence detection is
performed to remove non-speech portions from the speech signal. Pre-emphasis is
needed because high frequency components of the speech signal have small amplitude
with respect to low frequency components. A high pass filter is utilized to emphasis
the high frequency components
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4.5.3 Codebook training

The codebook must be trained with speech data in order to be used for speech
enhancement. The more data used for the training, the better the codebook will
represent speech, this also means that the codebook must be trained with many
different people and many varieties of speech sounds. The training of the codebook
gets even more difficult if it is going to be used for different languages since many
languages has unique sounds that differs from other languages. Computing power is a
big issue, since the time it takes to do the calculations seems to rise like an
exponential function of the amount of input data for the training.

4.5.4 Vector Quantization
Due to computation cost and limited RAM resource, the input feature sequences are
quantized by a vector quantization (VQ). Each VQ number is assigned with an output
probability in each state of each word model, so the output probability computation is
simplified for our very limited memory resource. The SOM-based VQ method can
achieve better performance by reducing the quantization error while keeping the
original feature geometry. And the code book size is half of that of k-mean clustering.

4.5.5 Discrete Hidden Markov Model
During enrolment, speech from a speaker is passed through the front-end processing
steps described above and the feature vectors are used to create a speaker model.
There are many speaker modelling techniques available ,but we focuses on Hidden
Markov Models(HMMs).For text-dependent applications, whole phrases or phonemes
may be modelled using multi-state left-to-right Hidden Markov Models(HMMs),
while for text-independent applications, single state HMMs, also known as Gaussian
Mixture Models (GMMs) are used. The speaker modelling is based on the feature
vectors extracted in the front-end processing. In the enrolment mode, a speaker model
is trained using the feature vectors of the target speaker and the state transition matrix
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is trained. In the recognition mode, the feature vectors extracted from the test
speaker’s speech are compared against the models in the system database and a score
is computed for decision making. Viterbi search gives each model a logarithm
likelihood score (LLS) and the model with maximum LLS is recognized as the correct
result.

4.5.6 Corrective Training
If confusable words are in the same vocabulary, errors are prone to occur. To
overcome this problem, corrective training introduced is adopted. This algorithm uses
a confusable table to indicate the confusable words and re-estimated the confusable
word’s state probabilities through utilizing differences between LLS of the
corresponding utterances. This procedure is iterated several times until it converges.
The output LLS is further post-processed using LVQ to indicate whether the word is
in the vocabulary or not.

4.6 Modified Electro-oculogram Unit

Gaze detection methods are known to include optical, physical and electrical methods.
Optical methods such as the corneal reflection method and limbus tracking method
are widely used. Physical methods such as the search coil method place a large burden
on the user. On the other hand, electrical methods estimate the gaze direction by using
electrodes attached near the eye to detect the corneal-retinal potential are called
electroocculogram method. Electro-oculogram is a device that can be used to detect
the movement of the eye. The eye acts as a dipole in which the anterior pole is
positive and the posterior pole is negative. For this ambulatory device, two pair of
electrodes is used. One pair placed to the left and right and the other on top and
bottom of the eye. When gazed left the cornea approaches the left electrode near the
outer canthus resulting in a positive change in the potential difference. When gazed
right, the cornea approaches the electrode near the inner canthus resulting again in a
positive change in the potential difference. This is amplified using an amplifier circuit
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and hence the movement of the eye is detected. This amplified signal is filtered and
based on this, it sends the signals to the display controller and hence it would act as an
interface. The eye maintains a voltage of +0.4 ~ 1.0 mV with respect to retina (due to
the higher metabolic rate at the retina compared to the cornea). This corneo-retinal
potential is roughly aligned with the optic axis. Electro-oculography has both
important advantages and disadvantages over other eye tracking methods. On the
positive side, the equipment is cheap, readily available, and can be used with glasses
or contact lenses, unlike some reflection methods. They also have the advantage of
not obscuring the user’s field of view and are completely insensitive to head
movement, although significant deviation from the last calibrated position would
require the user to repeat a calibration sequence for accurate tracking. On the other
hand, the measured signals are subject to drift from several sources: changing skin
resistance, electrode slippage or polarization, even a variable corneo-retinal potential
due to light accommodation and level awareness. Noise pickup from other electrical
devices can be minimized by careful shielding, but action potentials of the other facial
muscles can mask the desired signal. Straightforward signal processing steps can be
devised to condition the data so it can be reliably interpreted. Some of the noise
patterns such as the 60 Hz line frequency can be easily removed, using a notch filter.
Other noise artifacts are mostly transients caused, for example, by the turning of an
electrical switch on/off in the vicinity of the electrodes, contraction of the facial or
neck muscles, slippage of the electrode due to sweat and eye blinking. However, the
signals produced by eye blinks are, in fact, quite regular. This makes it easy to
recognize and eliminate them.
The electro-oculogram can be turned off when not needed so that its interference
when the user not using the device becomes minimum. Additionally another feature is
incorporated as the user closes his eye for more than five minutes, then the electrooculogram is made to assume that the user is resting and turns off by itself, but
turning it on has to be done manually or through the voice recognition commands.
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Figure 4.3: Principle of EOG. [2]

4.7 Mobile Phone Printed Circuit Board
A basic mobile phone PCB would consist of the basic units such as the
microprocessor, NAND flash, DDR, SDRAM, Antenna switch, I/O controller,
Display control unit and the other parts of the system controller, RF transceiver,
Voice command controller, Micro SD card slot, SIM card slot, and Micro SD along
with the SIM card reading pins. Apart from the above prerequisite modules in the
printed circuit board it needs to have an FM/AM circuit board so that it can recognize
the received FM or AM signals at ease along with the presence of the inbuilt antenna.
The PCB needs to take care of the entire operation of the device. The data is being
transferred to the device from the mobile phone’s memory unit. The memory module
used is similar to the ones used in iPods which eases the storage and retrieval of the
data. A part of the memory module can be used as temporary memory for the speed
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access and processing by the processor. This usage of the part of the memory module
can produce increased results. The circuit board would be placed just over the
occipital bone. Human skull as a whole is sturdy, but it cannot prevent the intrusion of
heat radiations and radiofrequencies. Hence a specially designed insulator and
radiation arresting material should be placed between the control unit and the part that
comes into contact with the user’s head. The key part of the entire design is to
establish the connectivity between the central control unit and the other parts of the
system.
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Chapter 5

FUNCTIONAL FLOW
The IPM gets its input from the control unit via specific cable. This is in the case of
representing the display. If an audio is played, the memory module buffers & transfers
the audio to the earpieces. The voice commands given by the user is received by the
microphone and sent for processing to the voice control unit in the PCB. This is in
turn recognized as the voice command. Based on this, the appropriate actions that are
needed to be taken are transferred as signals to the I/O controller and it instructs the
display interface of the mobile device to activate the necessary actions. The facility
such as attending voice calls takes places as usual in a through ear piece. But
attending a video call uses the mini camera.

Fig 5.1: Functional Flow Diagram.[1]
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The camera needs to be extended outside so that the users face is visible. The voice
part recorded via the extended microphone and sent to the control unit. The video is
recorded via the camera and it is taken separately to the control unit. From the control
unit, it is sent to the receiver’s mobile device. This induces the addition of the circuit
board for the receiving the FM or AM signals, near to the control unit. The output
audio signal produced can be given to the ear pieces as input. The user interface is
provided to the user via the VRD.
Then simultaneous working of the electro-oculogram and voice command control is
not enabled as it may lead to discrepancies. The preferred power for the devices
involved the control and memory units would be from a small sized Li ion battery
with 900 mAh. or the batteries similar to those used in the mobile phones, as it would
be able to provide the necessary supply. The battery needs to be light weighted. Four
such light batteries would be used. One would be for the IPM to provide the display,
two would be for the control unit and one for FM circuit board. These batteries would
be rechargeable and would require an AC supply ranging from 110V- 220V. The
power consumption should be optimized in order to provide reliable efficient, longlasting service of this ambulatory device.
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Chapter 6

CONCLUSION AND FUTURE WORK
Interactive interface management in ambulatory device makes the interaction of the
differently-abled with different kinds of disabilities possible with ease. The device
when implemented will act as smarter and effective means for human machine
interaction. It would also bring to light the future ways of interaction possible. This
would act as an effective tool-kit for the provisional communication in case of the
differently-abled. The economic feasibility is due to the usage of LED laser and
cheaper driving electronics for the VRD’s. Avoiding the complexities in the designing
of the electro-oculogram the device would become simpler and produce better results.
Also the cost is effectively reduced by the usage of VRD. The future work lies in the
need for making like lip reading techniques possible in these ambulatory devices so
that the user who has inability to speak can make use of this mobile device.
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