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Intr oduction

The modern world has been designed with a certain view of the human who is to
benefit from the construction. In this process of engineering our world, we have at
certain junctures not thought about minorities such as those who are not physically o
mentally able to conform to our supposed regularities. Our project aimed to create and
describe experiments in auditory information processing, in addition to dealing with the
technological and design issues involved in developing navigational solidiche

visually impaired.

We looked at the problem in two broad areas where navigation for the blind is limited
due to designs that have been streamlined for oculargsaveling in modern day
interiors and urban spacesdthe use of spatially awarg/stems on the computer

The project aimed to provide a better understanding of the technical and social issues
which hinder in easy navigation for the visually impaired. The endeavor was to gain an
insight into the understandings and perceptions of theuaily impaired and to

continually prototype and explore our ideas for technical feasibility. An initial
expectation was also to allow for free brainstorming continually during the duration of
the project about techniques and interfaces that could be bwithout a firm focus on
products already being developed. It was felt that features and little nuances of
interaction should be explored without allowing for too many constraints and
preconceived notions about how things should be done.

With the goal ofolving the problem statement illustrated above, the followiagks
that were accomplisheand theissues and processes leading to the same have been
discussed in this repart

A A basic proobf-concept was developed which included@undgrid based mous
feedback interfacgultrasonic sensors controlled through digital pulses from a
microcontrollerand afamiliarity with interfaces of Windows Mobil&nimated
previews of concepts such as SonicMap arBdous menu were also created to
explain the concepgt and obtain user feedback for the same.

A Research papers and studies by various groups were meditated upon to gain an
understanding of the problem areas, complexities involved and limitations for
development of the prototype and its use by the visually &ingd. A multi
disciplinary study was essential for the filling in the details on the identity and
perceptions of the blind; these studies required familiarity in the areas of Human




Computer Interaction, Sense modalities, Techniques of User ResearchatilityJs
Engineering. Students from NID and the work of Abhigyan Singh and Rahul
Mukherjee on Synesthesia helped us through the processes of interacting with the
blind for user research and usability.

A DirectX worlds were created to help us model the auditfedback before the

actual hardware device was completed for testing. The interaction and auditory
responses of our system were streamlined based on user feedback and further
features were added to present a more complete representation of the operating
system augmented with accessibility features. This involved a solid understanding of
the workings of the Windows operating system and its structures for issuing
interrupts and events at different junctures in various modes of operation.

A The hardware was fimed for better response and noise reduction. The hardware
circuit went through multiple iterations for it to provide stable readings and to
calibrate the signal amplifications and timings. Certain issues regarding the
unhandled hardware interrupts in th@icrocontroller were addressed and the
PromiESD Bluetooth module was used to transfer the data from the microcontroller
to a Windows Mobile based device (Windows based PC used for experimentation
purposes). The hardware was prepared for PCB layout anprtpeer components

were soldered on to the PCB as a further step towards a portable system. Battery
issues were not looked upon with care, and therefore changes were required to
accommodate the fluctuating voltage and current response of standard batteries

Familiarization with new platforms such as the Windows Presentation Foundation by
active involvement in the bettesting of development environments like Expression
Interface Designer to create-ifocus menu. These platforms were subsequently
leveraged 0 showcase possibilities of-fFocus menu in the future.

A Interfaces for the application running on mobile device (loaded with Windows
Mobile 5.0 OS) were designed in Visual Studio 2005 keeping in mind the usability
aspects for the visually impaired.

A A physical model made of acrylic was also designed with the help of product
designers from NID, to test the morphology of the device and its accompanying
circuit in real environments.




Process Description

The design and development of the current prototypes ipgogressed through three

distinct stages:

- Ideation, user expectations and system level framework;

- Technical explorations and user feedback;

- Research relating to the visually impaired, development of usable software systems
and refinemats towards a hardware prototype.

The initial brainstorming sessions were aimed to broaden the teams understanding of
problems faced by the visually impaired and the details of such experiences.
Enhancements rather than direct solutions were considered anore optimal means of
aiding the visually impaired in navigation. These brainstorming sessions were
interleaved with visits to the local blind school in Gandhinagar to help us draw up a
structure of the expectations from our designs. The need for ustdeding auditory
processing by the blind led us to consider compdiased simulations of spaces; such
investigations helped us to discuss the problems faced by the visually impaired in using
modern GUI based operating systems and software applicatitresgdals were
broadened to include mouse based navigation and the entire system framework was
prepared with user scenarios, design patterns and considerations for further research.

The second phase of development involved exploring technologies whididh feelp
realize the system goals. The basic set of expectations that resulted from the
documentation developed in the first phase was used a starting point to consider
various hardware and software componeiitst were available. Sensors,
microcontroller ad development environments and wetkvision were decided upon
and development was started on multipleodule basis. The work primarily involved
learning and familiarizing with the tools and techniques that were to be useful in the
development of the prattype. A basic proof of concept of the hardware and software
was presented in Bangalore.

This document reports our explorations, thinking and findings in the third phase. The
work started as a critical look at the methods of interaction we were using #ieohpts

to better understand the hardware functionality and methods of increasing accuracy
and stability of the system. The results at the end of this phase have been summarised
in the introduction as a broad look into the accomplishments and findingseoptoject.




Team andContributions

Deepak Jagdish

Design and development of interfaces for the software application using .NET
Framework 3.0 (containing Windows Presentation Foundation)

Exploring systems design of existing solutions for the visually ietpai

Research for base technologies to be used in different modules of the project which
included Expression Suite, Microsoft Orcas, Visual Studio 2005 etc.;

Development of Bluetooth module for PC & PocketPC for testing and experimentation
purposes of thePromiESD Bluetooth chip; also studied alternative methods to
implement the same.

Mohit Gupta

User research, usability feedback and ##ldted research

Interaction of the microcontroller and Bluetooth module

Mobile Interfaces (not used) and visualizersdasy demonstration

Soldering and testing of the PCB module and design of the physical prototype

Rahul Sawhney

Software Design which involved:

Making windows accessible to the blind

Design and development of DirectX based virtual worlds

Research and usd dechnologies ( MS Active Accessibility , Win32 , .NET , DirectX SDK,
WMP API , Active->xCOM , Windows Event handling , Process handling and inter
process communication)

Shreyas Nangia

Experimentations with the circuit for better working of thérakonic sensors and
reduction of signal noise

Development of embedded software for the ultrasonic range finder

Design and production of the PCB

Visual radar for reaime data collected through sensors




Motivations

The problems faced by the blind/visuaitgpaired are many, ranging from simple tasks
like getting dressed or making a cup of tea, to problems like inability to read and write
easily. But one of the biggest challenges caused by blindness is Isolation, both physical
and social. The problem sterfrem the fundamental challenge of sefbntrolled

mobility. It is extremely difficult for the blind/visually impaired to even get out of their
own homes and navigate themselves to places they wish to go. In addition to such
constraints in the physical wak| the blind people also have neaero access to the
plethora of facilities provided by the advent of technology. In fact, upon interaction with
some blind people, it was clear that they were not able to use some of the most
common facilities like instamhessaging over phone, accessing the internet, using
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existent and this is one of the primary issues we propose to solve effectively.

In this endeavour of ours, weam to se health as expanding possibilities for the
blind/visually impaired struggling to lead a normal, comfortable life.fé¢¢the needo
enable the blind/visually impaired people to achieve a high quality of accessm-day
day navigation scenarios and tetfues. This project effort proposes to give the blind
the ability to move around easily in the reabrld and in the process revolutionize their
sense of mobility. In addition to thig,also aims to give the blind people their personal
space in the vidal world. With innovations in virtualorld applications and navigation
techniques, Sonique makes anything in the virtual domain available to the blind user by
providing easy accessibility solutions on the PocketPC. The impact of our s@ution
envisiona to besuch that the blind community can break the barriers of their restricted
environment and attain total freedom of navigation, both in the real and virtual worlds.

Designingvith the above vision, thgave us the chance to come up with some really
new and exciting ways to use existing technologies, combine them and optimize it for
use by blind people.

Expectations and overview after the first phase

An overview of theinnovative solutions that we havactured is describeah this

section. Each of thesmodules, when integrated with other components of the Sonique
solution gives a whole new dimension of vision to the blind pedgtemajor modules

are shown in perspectivevith respect to other elements in the System Architecture
diagram.
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As per ournitial project plans, the design of solution to be constructed was as shown in
the System Architecure diagram. Out of this initial blueprint, only a select number of
items have been able to be implemented, either due to resource constraints or time
constrants.

In the hardware section, it was initially decided to include Ultrasonic Sensors, a GPS
tracker, and a Digital Compass. In the final product, only the ultrasonic sensors were
included which provided basic system functionalities. Items like GPS trautddigital
Compass required further time for implementation and hence were only discussed at a
technical level without implementation. We identified that for the final readrld

navigation system to work successfully, it was necessary to heeferene pointon

which the system could map positional coordinates. This is why a GPS device and a
Digital Compass were deemed to be necessary.

The next task that was planned was to interface this set of ultrasonic sensors with a
microcontroller which would miee sense of the data collected by the sensors. This was
successfully implemented with an Atmel ATMEGA32 microcontroller working
simultaneously with three pairs of ultrasonic sensors (transmitéeeiver pair). The
received data was verified to be corrantits scope of around 3.5 meters, while the
resolution of the sensors was very hard to estimate.

Our next aim was to transfer this distance data to a mobile device like a PDA (or
Smartphone) wirelessly. For this, we preferred using the Bluefwitteless protocol.

The PDA would have inbuilt Bluetooth capability, which meant that the microcontroller
would have to interface itself with Bluetooth chip for pairing up with the PDA. The
PromiESDO2 Bluetooth chip was chosen because it had an inbuilt Blustaokhwhich
would handle incoming connections, and it also proved to be much cheaper than other
industrial alternatives. Since it was the first time that we were working with such a chip,
there were some mistakes made in implementing it and so this stagemuch longer

than expected. Finally, our aim was achieved, of transferring data wirelessly to a
Bluetooth enabled device running an operating system which would host our client
software.

Moving onto the software domain, we had to build software for alte device like the
PDA running on a Windows Mobile operating system. Our estimated time for
completion of this stage was met fairly accurately, with the removal of certain initially
planned modules due to lack of certain software libraries. Even thernyere able to
implement software that could receive data-time-fly over Bluetooth and this data

could then be used for direct sound modulation. From this point onwards, our plans had
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to change from the initial blueprint because the rest of the systemtbduk
implemented on a laptop rather than a mobile device like a PDA. This was to enable a

better demonstration of the prototype as well as financial restraints of buying software
libraries for a mobile device.
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Software design and development

With Songue, we intended to redefine the way the visually impaired used their
computers, it was necessary for us to change the input and output mechanisms
fundamentally, without introducing new peripherals or redesigning the existing ones.

Functionally, we revanmga the following Windows functionalities:

- Mouse functionality

- Keyboard functionality

- Sound Feedback system

- Windows Event Management System

- Windows Accessibility at OS and Application levels

Mouse

The visually impaired have never been able toaiseouse or any such interaction
device which provided nehnear or spatial interactionThus , it was required that
whatever inputs the mouse provided were first intercepted by the software layer of
Sonique, processed, interpreted, actions performed #reh , if required sent to the
Operating System (OS) Windows.

To accomplish the above task, we made use of Hooks that are present in the Operating
System. In the following paragraphs, our approach to learning and implementing hooks
to address this issue ikustrated:

In the Microsoft® Windows® operating systerhpakis a mechanism by which a

function can intercept events (messages, mouse actions, keystrokes) before they reach
an application. The function can act on events and, in some cases, modisgarid

them. Hooks modify the actual flow of code. A hook is ultimately a callback function that
applications register with a particular system event. Functions that receive events are
calledfilter functionsand are classified according to the type of ewvthey intercept.

For example, a filter function might want to receive all keyboard or mouse events. For
Windows to call a filtefunction;the filter function must be installed that is,

attached to a Windows hook (for example, to a keyboard hook). Attaglone or

more filter functions to a hook is known asttinga hook. If a hook has more than one
filter function attached, Windows maintains a chain of filter functions. The most

recently installed function is at the beginning of the chain, and the legsntly

installed function is at the end.
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A fundamental aspect of hooks that wélizedis theirscope Normally, hooks may have
either system or thread scope. A few, however, can only have system scope. When a
hook works at the thread level, it can gritap events generated within that thread. For
example, a keyboard hook gets invoked only for the keystrokes directed to the thread's
input queue. Similarly, a systemwide mouse hook gets called whenever the user moves
the mouse, regardless of the partiaulthread that handles the event. A systestoped

hook is called to handle the event for all the currently running threads. This poses a
precise context problem. How can a piece of code defined in one Win32 process invade
the memory space of another procesTo allow for this, a systemwide hook must be
defined in a DLL so that the system can easily inject that code into each of the Win32
process memory spaces.

Thus thread hooks (or local hooks) are patently more efficient than system hooks (or
global hooks)On the other hand, they cannot accomplish all the tasks global hooks can.

Windows Hooks

Hook Server L o
process Application one Application two
I T 0
[ Code
‘ Shared data segmeni
Hook Uriver Hook Driver Hook Driver
(DLL) (DLL) (DLL)
Data Data Data
ﬂ J
Windows

The .NET Framewodoes notprovide builtin facilities or infrastructure to handle

hooks. Right now, hooks are considered merely a special breed of callback functions and
their implementation is left to P/Invoke (the .NET Framework infrastructure to call
unmanaged APIs residing in the underlying operating system).

There is, as we realized anportant platformrelated aspect that marke/in32and the
.NET Framework. In Win32, temallest unit of processing is tipeocess The CPU
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works by allotting slices of time to each process. While running, a process sees the
whole 32bit range of memory at its disposal. For this reason, it's architecturally
impossible for a process to inadwently corrupt another process' memory. (A process
can still break another process, but they must both be explicitly using globally shared
memory.)

In the .NET Framework, there is a significant change to this process. The .NET managed
code runs under theontrol of the common language runtime (CLR) module and is
subject to inspection and verification before execution. The CLR enables a piece of
managed code only if it can be marked as tgpée code. The verification process
ascertains the correctness did intermediate language (IL) code and ensures that it
accesses only authorized memory locations. In addition,-sgfe code is guaranteed to
reference only strictly compatible types and call objects only through properly defined

types.

FILTER FUNCTION
HO OK TABLE POINTER APPLICATION OR DLL
W _MEGRLTER
: l: Filter Function
]
WwWH_CEBUG
_ .
™ Mext Filter Function

APPLICATION OR DLL

il

Filter Function

Mext Filter Function

Thus our firsproblems were on how to get mousehook ©r keyboard run in NET
environment We found several code snippets on the internet which got us staBet.
the NET environment was completely new to us (it is a relatively new application
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development platfom) andit took us a while tattain acertain comfort level with it.

Then wespent a lot of timeunderstanding Windowkooking nuanceddooks,as we

realized was a technique which interfered with the normal working of application level
threads and iour case we had to monitor all the inputs being sent to the OS in general.

The normal, highevel keyboard hook, WH_KEYBOARD, intercepted keystrokes as they
were removed from a thread's message queue. The WH_KEYBOARD hook works well for
most applicationsHowever, certain keystrokes are never directed to a thread's

message queue. The Ctrl+Esc, Alt+Tab, and Alt+Esc key combinations are perfect
examples. These keystrokes are handled internally by the system's raw input thread.
Since application threads nevexceive messages for these keystrokes, there is no way

that an application can intercept them and prevent the normal processing. This behavior
is by design and ensures that a user can always switch to another application's window
even if an application'sitead enters an infinite loop or hangs.

However, there is a small class of applications that really has a valid need to intercept
these keystrokes. To meet the needs of these applications, Microsoft introduced the
WH_KEYBOARD_LL hook. Thidéoel hook $ notified of keystrokes just after the user
enters them and before the system gets a chance to process them. But this hook has a
serious drawback: the thread processing the hook filter function could enter an infinite
loop or hang. If this happens, thehd system will no longer process keystrokes properly
and the user will become incredibly frustrated.

To alleviate this situation, Microsoft places a time limit on-lewel hooks. When the
system sends a notification to a ldevel keyboard hook's filteunction, the system
gives the function a fixed amount of time to execute. If the function does not return in
the allotted time, the system ignores the hook filter function and processes the
keystroke normally. The amount of time that is allowed (in reitieds) is set via the
LowLevelHooksTimeout value under the HKEY CURRENVTCo8ERPanéDesktop
registry subkey.

In our case though, our hook (low level) was intercepéithgressages being sent to the
OS, hence it was imperative for us to handle thessages carefully and have a bypass
mechanism in place, in case Sonique software module fell inteexin@ubroutine.

Here,nCode provides us with the escape clause:
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if (nCode>=0)
{

try

mouseHookStruc =
( MouseHookStruct ) Marshal .PtrToStructure(IParam,
typeof ( MouseHookStruct ));

catch ( Exception e)

{

MainForm .handle.LogWrite( Convert .ToString(e));

return 1;

/I MainForm.handle.LogWrite("doneproc");

/I if ok and someone listens to our events

Basicallyif nCode is less than zeronhich would be the case whe@trl + Alt + Del) the
keys ctrl, alt, deare allowed to reach the OS.

Then the information we needed about mouse inputs needed to be extensive , about all
A@odidRyayAdrY3 ¢ KSS | yRa02IYIK (NTj dAERdA (R RSTYS | aNmdbRls KKK

would be able to accomodate everything the hoaklmack provided. The following
structure was hence utilized.
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public class MouseHookStruct

{
public  Point pt;
public int mouseData;
public int flags;
public int time;
public int dwExt ralnfo;
}

mouseHookStruc = ( MouseHookStruct ) Marshal .PtrToStructure(lParam,
typeof ( MouseHookStruct ));

The above line basically fAiMarshallso the information froma C style
struct (which is the way in which windows (Win 32) stores information)
to o ur own structure MouseHookStruct.

What we then did was to , depending on the mouse inputs , perform
different actions. The following are the starting lines of one of our
sub routines.

# region menu

if  (kickmup && kickrup)

{

if (wParam == WM_MBUTTONUP) { kickmup = false ;
return  1;}

if (wParam == WM_RBUTTONUP) { kickrup = false ;
return  1;}
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try
{
if (freeze )
{
if (!selected)
{
switch  (wParam)
{
case WM_MBUTTONURf (j==0){
TTS.speak( "Settings Menu , use scroll wheel" ); return 1;}
selected = true ;
mouse_event(( uint ) MOUSEEVENTMIDDLEUP, 0, O, 0, 0); return  1; break ;
case WM_RBUTTONURf (j==0){
TTS.speak( "Settings Menu , use scro lwheel" ); return 1;}
selected = true ;
mouse_event(( uint ) MOUSEEVENTMIDDLEUP, 0, 0, 0, 0); return  1; break ;
case WM_LBUTTONUPIf (j==0){
TTS.speak( "Settings Menu , use scroll wheel "), return 1;}
selected = true ;
mouse_event(( uint ) MOUSEEVENTMIDDLEUP, 0, 0, 0, 0); return 1; break ;

if

if

case WM_MOUSEWHEEL:

if  (mouseHookStruc.mouseData <0)
(++j>4)j=1;

if  (mouseHookStruc.mouseData > 0)
(- i<Dj=4
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Care was taken not to hinder the with the regular functionality of the buttons. More
functionality was added by utilizing a sequencelaks toperform various actions.
Windows basically utilizes one mouse button at a time. We imparted functionality
severalcombinations of mouselicks;a middle button click after a right cliekould
work differently than a right click after middle click.

case WM_RBUTTONDOWN: (isL && linfocus)

{

if  (lisLM && !rdown && !mdown)

MainForm .handle.LogWrite( "R overL™ );

Basically, ouaim was to make the desktop more accessible through the mouse. The
various functions provided aimed to provide the user with a lot of accessibility
information depending on the mouse cursor position and functional modes.

The main challenge here lay inndo handle the intercepted input. We also had to
LERROSa T Al aly2KS\NLdag | &l to 1832y K@ | & (8 (KS O fiol Q Ty QieydEKda Xl
required us design a really complicated logical anaylser which would quickly process
inputs or rather combination of puts and start of relevant actions before the next
input comes in.

Keyboard

Same as what we did with the mouse, low level Keyboard hooks were deployed to fully
intercept all keyboard inputs. Care was taken to store the keyboard state in the
beginningbecause Windows allows for sticky keys, key toggling etc.

byte [] keyState = new byte [256];
GetKeyboardState(keyState);

byte f=1,
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if ((keyState[144] & f) == f) numlock = true ;
numlock = false ;

if ((keyState[20] & f) == f) capslock = true ;
capslock = false ;

if ((keyState[145] & f) == f) scrolllock = true ;
scrolllock = false ;

/I check this ..vaise this works

f= 0x80 ;

if ((keyState[( int ) Keys.LControlKey] & f) ==f) Ictrl =
true ; else lctrl = false

if  ((keyState[( int ) Keys.RControlKey] & f) == f) rctrl =
true ; else rctrl = false

if  ((keyState[( int ) Keys.LWin] & f) == ) lwin =
else Iwin= false ;

if ((keyState[( int ) Keys.RWin] & f) ==f) rwin =
else rwin= false ;

if ((keyState[( int ) Keys.LMenu] & f) ==f) Imenu =
else Imenu= false

if (( keyState[( int ) Keys.RMenu] & f) ==f) rmenu =
else rmenu= false ;

if ((keyState[( int ) Keys.RShiftkey] & f) == f) rshift =
true ; else rshift = false ;

if  ((keyState][( int ) Keys .LShiftkey] & f) == f) Ishift =
true ; else Ishif t= false ;

[l if (Ishift) MainForm.handle.LogWrite("numlock");

else

else

else

true ;

true ;

true ;

true ;
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completely. Keys pressed in combination with the Lctrl would provide varied
accessibilitynformation and information about various cached events. The scroll lock
was used to toggle voice feedback.

The keyboard also served as the control panel of Sonique, with various command keys
deployed for orthogonal and centralized deployment of alfk8 2% | NGB O Lo S

Windows Accessibilitpt OS and Application levels

Both mouse and keyboard were used to attain accessibility information which would be
necessary fothe visuallympaired to navigate properly.

For this purposeMicrosoft Active Accessibilityvas utilized

The main idea behind Active Accessibility is to provide the functionality to access Ul
elements programmatically to get information about or manipulate these elements. Ul
elements that support this functionality are calladcessible. In most cases this means
that a Ul element supports the IAccessible interface.

The core functionality in Active Accessibility is provided by OLEACC.DLL. Each time you
call a function that returns a pointer to an IAccessible interface corredipgrto a

particular Ul element, OLEACC.DLL verifies whether this element natively supports
IAccessible. Native support means that IAccessible is implemented programmatically for
this element.

When a Ul element doesn't support IAccessible natively, OLBRCEerifies the
Windows class name for this element. If this class is a USER or COM@QIp@Rd
class, OLEACC.DLL creates a proxy that implements IAccessible on behalf of the Ul
element. Most but not alt COMCTL32 controls have IAccessible supportgedvby
OLEACC.DLL.

Examples of Ul elements that natively support IAccessible are custom controls,-owner
drawn, or windowless controls. Since developers who create software that contains
these kinds of Ul elements also implement the interfaces for theseeai¢s, they are

also responsible for providing correct support for methods and properties. In practice
that means some methods or properties might be implemented improperly or not at all.




This also means that a developer who implements the interface deftagroperties,
such as the name and role.

If a Ul element doesn't support IAccessible natively and OLEACC.DLL doesn't recognize
its class name as supported, OLEACC.DLL creates a default proxy that provides minimal
HWNDbased IAccessible support, sucH@sation and whether the window is enabled

and visible. The default proxy doesn't provide any corgpEcific information.

Since Active Accessibility is a relatively new technology, it has some flaws in practical
use. Most problems arise because there arany controls with only partial suppaoror
no support aallt for Active Accessibility

Sonique hasnade useof MSAA tanake the deskto@ccessible to the visually impaired.
Accessibility information about the Ul element under the mouse cursor is fully
extracted. In fact, names of all list items in a folder are cached as soon as the cursor
reaches a listview Ul element (basically a folder). Information like, the name of the
current taskswitched item (alt+tab) , list of selected items is also extracted.

In circumstances where MSAA fails to provide us with information, direct Win32 based
method were used. In some cases, the techniques employed were specific to current
version of Windows. In some cases the Win32 methods had a lot of bugs. And in some
cases, tlre were only legacy MFC methods. (MFC is Microsoft Foundation Classes, a
Windows framework used in previous versions of Windows, but now present only as a
legacy one for backward compatibility). So, it was only after a lot of experimentation,
that we weae able to perfectly extract the desired information from Windows.
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Our work on accessibility was original. Although keyboard based screen readers are
known to exist, we are yet to find a solution which deploys both mouse and keyboard to
attain accesibility information in a manner Sonique does.

The problems we faced were numerous. MSAA has not been used much by the
developer community in general and we did not have any examples or code lines to get
us started. And the documentation provided for MS8A4or native Win32 whereas we

were coding in .NET. Then we had to devise a system which would be make efficient use
of processing resources as there would alwagsomenew information waiting to be
accessed.

Accessibility of commonly used applicatiamas also increased by deploying an
interactive and intuitive menu callad-focus menuwn top of them. Basically, the most
commonly used commands were abstracted and presented in a very accessible format.
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For experiment purposes we developed theacus br Windows Media Player and
Explorer.

Framewoks & Platforms used & reasoning

The front end of ifocus was developed on Windows Presentation Foundation [WPF], a
recent Microsoft framework for enhanced visual and interactive experience.

All the accessibty features implemented via user interfaces were built on iNET 3.0
FrameworK. During the initial states of development, .NET 3.0 was called WinFX. We
made extensive use of th&/indows Presentation Foundatiofor WPF), which is the
graphical subsysta of .NET 3.0 Framework.

The reason for choosing to work with WPF is that it provides a consistent programming
model for building applications and provides a clear separation between the Ul and the
business logic. WPF application can be deployed on thktde or hosted in a web

browser. It also enables richer control, design, and development of the visual aspects of
Windows programs. It aims to unify a host of application services: user interface, 2D and
3D drawing, fixed and adaptive documents, vect@pdyics, raster graphics, animation,

data binding, audio and video. Besides this, WPF introduces a new language known as
eXtensible Application Markup Language (XAML), which is based on XML. Using XAML to
develop user interfaces also allows for separatibmodel and view; this is generally
considered a good architectural principle. In XAML, every element maps onto a class in
the underlying API, and the attributes are set as properties on the instantiated classes.

Rationale behind the design & development in-focus Menu
@ K-iRN-BQAY S/

The irFocus Menu is a Microsoft Active Accessibility driagtial context mengystem
that presents the user with the most relevant functions in the current window context.
For instance, when the user is usingndbws Media Player on his PocketPC, by
touching the stylus on the screen, he/she would be presented with ad¢ogltrast

radial menu centered at that point. This radial menu will be consisting of the most
relevant commands that he would need to use inihBRENY G QyTRHM 4(KSdaSNJ
moves the stylus around the point where he first clicked and moves over the different

1 TheMicrosoft .NET Framewdska software component which can be added to the Microsoft Windows operatin
system. It provides a large body-added solutions to common program requiremiengs)ages the execution
of programs written specifically for the framework.
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segmented options in the menu,-Focus will speak out the description of tbption in
focus. The user can also navigate the radial m&no-Focus using the direction keys on
the Pocket PC and use the central Action button to execute the option in focus. The
radial menu is coupled along with a suértical menuas and when required. Such a
vertical listing would occur in scenarios liketplaylist content in Windows Media
Player or a listing of hyperlinks that are present in a webpage being browsed by the
user.

The subvertical menu can also be navigated by using the up and down direction keys on
the Pocket PC and it will speak out thgtion that is selected. Subtle audio effetizs

also been included in the design offiecus to let the user know of relative position of
options in the list and to know when he has reached the end of a list or makes a
selection. The #iocus menu has ken designed in high contrast so that it would be

useful also for a user who has partial visual impairment and can make use of whatever
little sight capabilities he has.

&W-focus menuw; { IMIBOMENG K& 3 K24 ¢

During the development of #iocus menu, a loof ergonomics rules had to be kept in
mind, with special emphasis on the visually impaired user. We made use of one of the
most fundamental laws of ergonomics in useterfaces, which is called tr@i@[ I 6 ®

In ergonomicskitts' lawis a model of huran movement, predicting the time required

to rapidly move from a starting position to a final target area, as a function of the
distance to the target and the size of the target. Fitts' law is used to model the act of
pointing, both in the real world, foexample, with a hand or finger and on computers,
for example, with anousé stylus

Since the advent of graphical user interfaces, Fitts' law has been applied to tasks where
the user must position the mouse cursor over ansaneen target, such as a button

other widget. Fitts' law can model both potahd-click and dragand-drop actions. Some
2FKS LAV NA (BR (2 @[ ¢ (K- (¢ STS- Naiwere:

A It applies only to movement in a single dimension and not to movement in two
dimensions.

A It describes untraied movements, not movements that are executed after
months or years of practice.

A Buttons and other widgets to be selected in GUIs should be a reasonable size; it
is very difficult to click on small ones.
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And most importantly,

A Pie mendutems typically areselected faster and have a lower error rate than
linear menu items, for two reasons: because pie menu items are all the same,
small distance from the centre of the menu; and because their westhgged
target areas (which usually extend to the edge of $kheeen) are very large.

Keeping the above principles in mind, we designed tHedus menu with a structure as
shown in the diagram below:

j_l in-focus menu - Microsaft Expresston Interactive Desigrner, June 2006 CTF

Workspace Zoom: =1 F——-m

Filz Edit View Format Project Arrange Tools Window Help
| scesetsami | scenetaamles | windewtml

RN ALY

- ..Applic;iinn

Application

0% ||| —o——[&
Design || XM Coda |
Timelne

(Fig 1: Workin-Progress; Structure of infocus Menu)
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In addition to the above guidelines thatevdiscovered and adhered to, it was also
necessary to optimize this accessibility solution for plaetially visually impairegeople
also. Hence it was very necessary to ensure that the colors used in making this plug
interface were of digh contrastiow contrastcombination so as to help in easier
understanding for the specific target audience.

It was also necessary to provide sound cues while the visually impaired person would
use the specialized {focus menu. For instance, there would be soundfiaztions to

let him know which button/widget is he currently on, and what are the actions
associated with it.

For the baclend ofinfocus,we tried out several approaches.

One of the ways was to hack into the message interaction of the given applicatibn
the underlying OS, in our case, Windows. And then interact with the application by
sending similar messages from Sonique.

The other approach we tried was to emulate clicks over the application by quickly
moving mouse cursor from one command buttanthe other in the desired sequence.
Since all of that would be happening programmatically, the process would be pretty
quick (but not as quick as in the first case).

Another approach we tried was to, to utilize the accessibility interface implemented by
the application.Though as we know, the IAccessible interface is usually partially
implemented.

Another thing we tried was to utilize the API provided by the application and control the
application through it.

We were successful in all the above strategigagt. we chose the last option because of
the degree of control it granted us over the application in question i.e.Windows Media
Player.

Windows Event Management System

When we initially designed sonique , windows event handling was not in the
immediate sbeme of things. But it soon became obvious that sonique was grossly
incomplete without a proper event management system which would interact with
windows system and gather all possible information( windows events) of use from it.
The event information wald then be processed , quickly , and presented to the user in
a as intuitive and unobtrusive manner as possible ,




Windows is a GUI based system. An intrinsic part of any interactive system is a
feedback mechanism , an acknowledging system , whiohnisf the user of the status
of the ongoing interaction. Such feedback occurs subtly, or inconspicuously for us ,
people with vision. But for the visually impaired, that feedback ( most of which is
visual ) is absent. Thus it is imperative to keeaotathe ongoing interaction with
the OS and provide necessary auditory feedback to the user.
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Microsoft® Active Accessibility® provides a mechanism dafleventthat allows the

operating system and servers to notify clients when an accessible object changes. There
arenumerous conditions in which a server notifies a client of a change. Each event
constant definedby Active Accessibility describes a condition about whichent is

notified. For example, WinEvents caimgnal
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Problem with  WinEventss that it is not implemented fully and properly. Much of the
underlying reasons which fire a particular winevent are unclear. Windows event
notification system is incomplete and quite a few functions are buggy. Thus we faced
a lot of problems in &pping the relevant events . Usually several event notifications
would happen simultaneously. There would be several dummy notifications too. There
were several other issues like different events sending similar notifications , a single
event ( externdly ,that is ) sending several notifications .

We , eventually , got around these problems by caching all the information and
developing a rule system based on a lot of experimentation and observation of events
of interest. All possible informatiorbaut the events and their parents were observed

to find the resolution factors .
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Sound FeedbacBystem

It would not be wrong to say that sonique is all about sounds and feedbacks. For
whatever underlying processing that takes place there is anipg/ voice auditory
feed that puts forth the information to the user.

We utilized Microsoft Direct Sound for generating sound feedback and Microsoft
Speech Engine for voice feedback.

Sonic Map
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time navigation system into a virtual three dimensional space completely expressed
though sound and voice tags. Basicallg,intended to virtualise the real world , the

user , in the form of voice tags , could be utilized by other sonique users.. Basically , a
map built for the blind i the blind.

We utilized dummy data to generate the map . In order to add flexibility in map design
and allow us to experiment more extensively , the map was generated from a text file
which held the the map outline. The map would then be populatéd wpheres (
representing point data ) generated at random points based on the outline provided
by the text file.
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Frame Rate : 45 34.01071 7.274518 0 0 1

Attempt to make it with textures.
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Frame Rate : 45

52.82588 7.453316 0 0 1




