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1. Executive Summary

In 2002, the World Health Organization estimateeréhwere 161 million (about 2.6% of the
world population) visually impaired people in thend, of whom 124 million (about 2%) had low
vision and 37 million (about 0.6%) were blind. Peeom developing countries are significantly more
likely to experience visual impairment. While visionpairment is most common in people over age 60
across all regions, children in poorer communiaes more likely to be affected by blinding diseases
than are their more affluent peers.

A considerably amount of visually impaired peoptsntl use computers (70% according to the
Lighthouse for the Blind). This bleak outlook isactying however due to concerted efforts to enshee t
accesibility of information technology to all pote users , including the blind.

Our project joins this main stream in making tedbgg more accessible to all. The product we
are developing is intended to give visually disdbpeople a chance to learn more easely the Braille
alphabet.

The idea of a one finger Braille display came aftieserving
the available products on the market that addre#isisdproblem.
Most of them are intended for advanced Braille sisefth an
extensive PC using experience. The knowledge reouants for the
use of such devices make them inappropriate foill8reearning
stages both in schools and for home users. Wecalssidered the
fact that existing devices are difficult to acquie to their high
prices.

We intend to help all categories of Braille leamédioth
_ _ _ sighted (ex. Braille instructors) and blind by lyimg a new
Fig.1 One finger Braille approach to the Braille learning process.

Reading In contrast to other Braille tactile displays tltan be found

2



coe
o) Jo)

Networked Braille Learning Environnien “Gh. Asachi” Technid¢niversity of lasi, Romania, EU

on the market our project 'prints' only one ASCilaracter at a time. This ensures a small physical
dimension which helps portability and cost reductidbhe device is able to be configured so it cah su
the individual needs of the owner in terms of chtel printing speed. The physical platform is
accompanied by specialized, easy to use softwateiform of basic Braille lessons.

Our prototype is a multipurpose Braille tactilsplay that can be used by anyone who wants to
learn Braille by himself, in a home environmentjroa specialized institution.

2. Market Overview

2.1 Problem addressing

The project we are developing will help blind peopldapt more easily in the society by giving
them a tool to facilitate their access to knowledgd technology. It is a platform that is intendede
used in educational facilities and home use.

The developed prototype and the software which mpamies it are specially designed to
address the learning issues of Braille writing.

The system hardware (Braille tactile displayalide to print one Braille character at a time. The
printed character is then firmly maintained on tieplay until another command is issued. The
characteristics of the prototype facilitate the @lepment of a stronger tactile sensibility by treeu
ensuring an easier way to learn Braille. Also tlewice allows the navigation through the eBox/PC
application menu.

The software developed for the embedded deviceofighk support in the form of a set of Braille
lessons which are designed to offer both audiowasuhl assistance to the student, ensuring bytlieis
coverage of all possible Braille learning candidatelifferent of the nature of their visual probléex .
completely or partially blind, sighted). Also theftsvare application ensures multilanguage suppadt a
permits the adjustment of the character printingeshbon the hardware device to better suit the user
needs.

2.2 Conducted research

Today the interaction between a visually disabledient and the IT world is made by using
refreshable Braille displays. Research in this dr&s been conducted for a long time but the salatio
available are very expansive and unpractical fassioom study.

A refreshable Braille display is an electro-meckahidevice for displaying Braille characters,
usually by means of raising dots through holes iflat surface. The display usually sits under the
computer keyboard. It is used to present text tomater users who are blind. Speech synthesizers are
also commonly used for the same task, and a bked may switch between the two systems depending
on circumstances.

Because of the complexity of producing a reliab&plhy that will cope with daily wear and tear,
these displays are expensive. Usually, only 40 ®B&iille cells are displayed. The cost of Braille
displays is in the $3,000 to $15,000 price rangpetiding on number of characters displayed. Also al
refreshable Braille devices need screen readewaddtwhich drives the display .Screen readersrare i
their turn complex and expensive, this adding intgoatrcost to the overall purchasing price of a Brai
display. Also all refreshable Braille displays gveripheral devices that can not work without a
computer, by this restricting the market coveragado users that already poses a PC. Here yosesan
a list with some of the products available on trerkat and their purchase value without including th
software costs:
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Braille Display Producer Price
Brailliant 24 Pulse Data HumanWare | $3,495
Braillex EL 40s PAPENMAIER €3,700
Braille Lite M40 Freedom Scientific $5,595
BrailleNote BT32 Pulse Data HumanWare $5,795
ALVA Satellite 570 ALVA Access Group $9,995
Focus 84 Freedom Scientific $10,595
Handy Tech Braille Star | Pulse Data HumanWare $10,999
80

Braillex EL 2D-80 PAPENMAIER €12,757

Tablel.Braille refreshable displays/producers/price

» Note: The prices above were obtained over the interndtrapresent the product cost at the factory gate.
They may vary from dealer to dealer and they algesti to modification without notice from the pramu.

A new development, called the rotating-wheel Beaillisplay, was developed in 2000 by the
National Institute of Standards and Technology (N18nd is still in the process of commercialization
Braille dots are put on the edge of a spinning whekich allows the user to read continuously wath
stationary finger while the wheel spins at a selécpeed. The Braille dots are set in a simplersiegn
style fashion as the dots on the wheel spins psisttenary actuator that sets the Braille characiss a
result, manufacturing complexity is greatly redu@dl rotating-wheel Braille displays will be much
less expensive than traditional Braille displays.

We are aiming the same area of devices developfoenisually impaired, but our solution is
not based on a single actuator for tactile dispheyther is it driven by a wheel mechanism. In castt
to the NIST device we intend to realize a platfonore suitable with classroom study which will bring
closer the blind student with the IT world develogparound him.

For this purpose we conducted a preliminary surethe “Moldova” College for the visually
impaired.

We presented them with a similar project descriptio the one we transmitted to the Imagine
Cup first phase of the competition. The feedbacsvisied by the specialized staff underlined the
following problems and advantages in our projecigle

1. By developing a one finger device we encouat@roblem in the fact that most of the
advanced Braille readers use a whole hand (thurolu@sd) or even both hands to speed up the process
of reading. So no matter at what frequency we estiulate the Braille character on the device the
reading speed will still be slower than the actielding of a Braille written sheet of paper andl wil
necessitate some accommodation time from a new wdamiliar with this kind of mechanism (the
explanation comes from the fact that even the acasaling is conducted by the blind reader with the
index finger the other fingers are used to ‘foresdke characters to come, in much the same way a
normal reader is able to see most of the next vmodlanticipate it). However we consider that thalkm
dimensions of the device we are developing angém&bility will compensate for this downfall.

2. We were informed by the difficulties in leargimraille encountered especially by the
visually impaired students that still have some a@® of visual sense (ex. possibility to distinguis
sources of light) and which are tempted to try ée sather than use their tactile sensibility. Thms
problem it is encountered in Braille students thi not visually impaired and are willing to become
Braille instructors or simply improve their commaation with a close person that is suffering frdms t
handicap . We are aiming to address to this prolidgraccompanying our device with a software set of
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simple lessons to learn the Braille alphabet audrg intuitive user interface. Both the interfacelahe
lessons will be assisted by sound messages inteiodbdlp the student navigate better through the
lesson menu and focus better on the charactessdtadying without felling the need to ‘see’ them.

3. Another category of Braille students are visuahpaired adults which lost their seeing
ability later in their lives. These are the onesst@luctant to accept reading ‘through their hands
rather than with their eyes as they were used e groblem is created both by psychological factors
and by the fact that the grownups tactile senseoie difficult to develop at the high sensibiligquired
to read Braille. To encounter this we are tryingnivoduce an option that will allow small vibrati® to
be produced in the ‘dots’ of the mechanism ateguency that can be felt by the user, improving his
tactile sensibility without disturbing his reading.

4, The learning process conducted in this kin@dxicational facilities it is very similar to
the ones in normal schools, by this making our ckevdeal for classroom based study as we had
anticipated.

Based on this feedback we adjusted our primary abibEs concentrating our efforts on
developing a prototype able to fulfill the main vegments for an efficient Braille learning devidée
prototype development phase conducted us to trae snlutions for the final product:

» Stand alone devicgOne finger reading platform) — used as a seridriaced product
with eBox/PC/Mobile, addressing the home user witends to develop a more accurate
tactile sense and learn Braille.

* Classroom learning platform (One finger reading platform)— used as a reliable,
inexpensive tool for Braille learning in a spedalil environment. The device is able to
achieve wireless communication with a main coorinfrom which it receives data in
form of ASCII encoded Braille characters. The wessd communication is accomplished
according to IEEE 802.15.4 standard for Wireless®&®al Area Networks.

» eBox refreshable Braille display— a platform which incorporates the eBox device
within a refreshable Braille display with the capi&pto display more than one character
at a time. This device is meant to coup with thenglex one finger reading speed
problem as pictured in our primary feedback .ltresents a product intended for
advanced Braille users.

Our marketing policy is to exploit an overall markeeak with the first two platforms .By this
we intend to elude the existing competitors asehae virtually no other products except the NIST
device available in this market sector. The thiedide will be release later as it involves more ptex
hardware and software developing and testing whiehwere unable to cope completely until the time
of the current report.

Exploiting these three alternative products we dmelichieve a full coverage of the identified
problem addressing both the initial one finger regapproach and the information access ensuread by
multi-cell refreshable Braille display.

2.3 Economical manufacturing

The manufacturing of the hardware takes into carsitbn the fact that the electronic
components will be mounted on a printed circuitrdg®CB). The PCB itself will be mounted in a case
along with the servo motors in the Stand Alone De\solution, or with the piezoelectric Braille cill
the Classroom Learning platform.

The PCB can be produced in high quantities at a poe by specialized companies. The
mounting of the electric components on the printeduit board will be realized in Surface Mount
Technology (SMT) also using manufacturers. Althotigh developed prototypes are made in through-
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hole technology, surface mounting lends itself viela high degree of automation, reducing labot cos
and greatly increasing production rates. Surfaceinted devices can be one-quarter to one-tenth the
size and weight, and one-half to one-quarter tts abthrough-hole parts.

The design and manufacture of the outer caseshferproducts will be achieved also in
collaboration with specialized firms because setidpiction will enquire expensive equipment that wil
ad to the overall cost of the product.

The mounting of the components can be done in d smaking space, with a relative small
number of working personnel.

The software application and the required documemawill be burned on a CD/DVD which
will be delivered along with the end product.

We intend to obtain a continuous or “in flux” pradion organizing system in order to minimize
the dead manufacturing times and the inefficieetafsnanpower and equipment.

2.4 Performance requirements

In order to achieve complete market coverage weuredsthat our platforms will have
complementary characteristics and requirements.

For establishing a comprehensive requirementddisbur products we presented the prototypes
in a secondary survey at The Moldova College far thsually impaired. Based on the received
observations the final specifications for the prcduwere developed.

The Stand alone device is intended to ease thg ®ades of education process that are taken by
a visually disabled person as well as a normalgrerselping them to learn and comprehend the Rraill
alphabet and characters faster and more effici€herefore, the device must generate firmly thelRra
character and it must accompany it with a corredpanacoustic signal. Also it must benefit from a
series of user accessibility options in terms oérabter “printing” speed, dot high parameters and
special tactile sense development based on ratemglot temperature. To ensure compatibility with
eight dots Braille cells we adjusted the refreafirig of the servo motors so the device will be dblbe
configured with two more actuators with minimum nfmétions in the future development if needed.

The Classroom learning device must be a small plertdevice which can be carried easily by
the owner. The implementation used in the deviaeikhensure the communication with other likewise
platforms in ad-hoc networks with no required cgafation data set by the user.

Both the Stand alone device and the Classroomiteaptatform must be backed up by a simple
robust application which will not generate unwantegrhead for the user in terms of accessibilitgt an
reliability.

The highest performance requirements in terms dfwape application development and
embedded programming are for the eBox Braille sdfadle display. This device must ‘print’ a full 40
cell line (equivalent to half of a DOS screen lin@pintain the displayed line until another command
issued, ensure full audio support in terms of @ecreader software, and wireless communicatian in
wireless personal area network according to theelBE2.15.4.

2.5 User experience

The user experience had an important impact omwouk, as we took into consideration that this
device should be used by a large number of visuh#igbled persons. We have concentrated our efforts
in developing 2 scenarios:

1. We considered that the end-user is a studesmdittg classes. The student will have the
Braille tactile device attached to his finger. Ttlasses will be held by a teacher that uses the PC
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application that we provide. The teacher will explane alphabet or numeric character at a timeleyhi
with the help of a command given from the EBOX a&gilon, the Braille tactile device will displayeh
Braille correspondent. Therefore no prior PC caibe experience is needed.

2. The second scenario supposes that the end-wsgd want to learn Braille on its own.
Given the fact that there is no teacher aroundstihéent that can explain the alphabet or numeric
characters and teach the lessons, prior PC useienpe is needed. The PC/EBOX application that we
will provide will have audio help on how to use theftware as well as the hardware components.
Moreover each EBOX application button will have amdio support, so that the user will know at
anytime the localization in the application.

The fact that we considered two scenarios for tbe aof the system is a serious plus for the
design as it widens the applicability of the platfio Visual disabled persons and normal persong alik
can benefit from this.

The other perspective we approached in the thindcdeaddresses a more experienced user in
computer and Braille using without requesting acdeahcomputer operating knowledge.

We intend to provide a full enriching experienceth@® user so operating eBox refreshable
Braille display should come as a natural simplévdygf a step forward after entering the Braille nieb
in the guidance of the first two learning devices.

2.6 Project usefulness

In order to provide estimated cost of the finalquct to be released complex analysis of the
production costs and of the market is required. &jsvit should be clear that the price of the market
product is considerably lower than the prototypécepras it uses dedicated components and not
development boards and it benefits from the codticon generated by producing a large number of
devices.

Our devices even in the prototype developmeng
phase are chipper than any other market availab
product.

When considering the utility factor of our §
products it must always be a head stone the fattviie
will provide devices capable to fulfill specific echtional
requirements unavailable to visually disabled stisle
world wide today both by economic and technica
reasons. We are not aiming to present a technabgi¢t
breakthrough but a simple, reliable solution to iaye
the education and life stile of many less forturthtn us. T N
Making education free it is more close to a utdpen to Pic. 1 - Components used in the
reality but that doesn’t mean that making it cheagpel development
more accessible to everyone shouldn’t be a pridatgll
persons involved in this process.

Maybe the best way to explain how useful our projét be it is by this quote:

We have a hunger of the mind which asks for knowledge of all around us, and the more we
gain, the more is our desire; the more we see, the more we are capable of seeing.

Maria Mitchell (1818-1889, the first acknowledge
woman astronomer in the Unites States).
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3. Technical Overview

3.1 System specifications

MNetworked Learning
BEraille Terminal
Networked Learning
Eraille Terminal

Braille Teacher
Assistant

IEEE 802.15.%
Network

MNetworked Learning
Braille Terminal

Braille Student Classroom Environment

Fig.2 — Project development structure

Figure 2 represents the initial project structasea server — client based system. The server side
is the EBOX while the client is the Braille tactifiessplay (Network Learning Braille Terminal). From
this initial thought a complex prototype was deyeld following the requirements of a functional aevi
provided from our research and feedback procedunrasving a blind specialized educational facility.
The prototype followed a series of complementaryetlgpment directions from which after different
stages of testing three main branches emergedasshlutions. By choosing these alternative preégluc
we intended to provide a complete coverage of tlilkessed problem:

» Stand Alone Device
e Classroom Learning Platform
* eBox Refreshable Braille Display

All this solutions can be regarded simply as paftdhe main prototype. In conclusion the
following section of this document will address thardware, software and algorithms used for the
prototype development, particularizing them, if @egary, according to each market proposed product.

The hardware components used in the developing press:

TheeBoxis used for the front-end application. The appiaaincludes the Braille lessons which
will send the characters to the Braille tactilepthy using standard serial communication. Also eBox
will host the teacher’s application in classroorsdxhlearning.

The 13192-EVB Freescale ZigBee development board was
used to realize wireless communication betweereB®x and the
Classroom platform and to provide a wireless sofutfor the
eBox Refreshable Braille Display. For the final gwots we
developed our own printed circuit board on which include
Motorola HCO8 microcontroller along with a radi@tisceiver in
the intend to eliminate the redundant use of PIGZ6A in the
Classroom Learning Platform. This solution is stilltesting and e ,ﬁ
represents an optimization of the final product. eTh  pjc 2 — EVB 13192
communication is realized in compliance with IEEB285.4
standard for Wireless Personal Area Network. The&SBi&takes the data from the EBOX via the serial
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port protocol and sends it out through the radamsceiver on the network. It is also responsible fo
receiving the signals sent through the network aedds them to the PIC16F876 via serial port
protocol, in the prototype solution.

The PIC16F876A accomplishes the receiving of the data
from the EBOX and the sending of the specific comadsato 6
servos. The commands are sent according to theree¢éved
from the EBOX.

The servos are used for the physical representation of a
character in Braille alphabet.

: . O The Braille Cell is used in much the same way as the

A R B servos but it represents a better solution in thsecof a

.. S portable device as it has a reduced size compartd the
Pic.3 — SBC876 with PIC16F  motors. This solution is not suited to replace thervo
microcontroller altogether as it can not be used by the Stand ADegce
which aims, among other features, the improvemdnthe

tactile sensitivity of the user (using thermal anechanical factors).

The Microchip microcontroller,
PIC16F, is mounted on a university
developed single board computer ==
(SBC876) in order to provide modular E:.

§

RRAzRRAR
O K B N

g8

i
e

expanding capabilities to the device and
assure extended debugging features. The
general layout of the single board
computer can be seen in the following
figure:
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The SBC876 uses a MAX232
circuit to convert the output voltages| . #7
from the PIC Rx and Tx ports to the
necessary serial transmission standard. . _ iy Y A——
Also it provides a simple pin out it =1 SORT O S v s
configuration that ensures expandability : w——
of the SBC. In this manner we used RB

pin out to connect and command the Fig. 2 - SBC876 general layout
servo motors.
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The command for character printing used by the
- Diag. 3 motors is realized using very strict timing as thype of
] devices use a logic one pulse between one and two
11 milliseconds to generate an appropriate movemethefear
heads. Because of scattered information about sewwtor
control available we used different types in theyeproject

Volts

A— — 1 Cycle (20 milisecs.)

o] m’lﬂﬂ, Iﬂﬂ, Iﬂl Diag. 3 development phase so we were able to obtain optimiig
9 ] sequence that can be used to command both 90° &0fd 1
- : 1 digital servomotors as well as 90° analog servos.
=l ] (ST ) The display speed of the characters using servos is

Fig. 3 - servomotor control timing generated by the receiving rate over the serial #nds
9
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software controlled by the eBox application. Thargmeter can be set by the user according to his
preferences as it is presented in the softwarecfréas document.

Note: the servos used in our testing and developmerg Wetraba S3151, FS251S and S3001.

The software components developed for the project:
For the software applications necessary for theeldped products we elaborated two main

approaches:

The first assumes that the user is a sighted pesgartially visually impaired which is
still able to distinct shapes and large format.t€xir this category of users we developed
using C#.NET 2005 a one screen lesson structurgleded with audio and enhanced
visual support. To eliminate the need for complteyboard, the application uses the
mouse as the primary interface peripheral. Thectira considered for this application is
based on the form of the 6 dot Braille cell so efuisparallel is achieved between the
final purpose of the end device and the user iaterf The application has multilanguage
support capabilities based on a 6 language .was fibrary. This solution requires more
storage space and it is less versatile than a T€®t(To Speech) engine but it is easier
and less time consuming in what implementationascerned over WIinCE, and it is
more economic in terms of final product producticosts. The feature of correlating
sound signals with Braille character generationttoa physical device is meant to ease
and quicken the learning process.

The second approach addresses the persons affgchdithdness in a higher degree. The
application in this case also has Braille cell eexh synchronization and all the
accommodations delivered by the previous one likeil® printing speed or
multilanguage support, but it also supports a falliglio menu controlled from the device
itself using four micro-switches. For better undansling of the development of this
audio interface see the flowchart presentefiiging.

The micro-switches functionalities are designed fbe visual impaired persons with no
experience in using computers, but their ease ®mekes them a good choice for all persons.

Using the 4 micro-switches the user can navigatentlenu in the same way as a keyboard. The
student can choose the desired lesson menu ombdwaytgoing forward and backward in the application.
The activation of the button is made using the ERTaicro-switch. The exit from a lesson is done
using the ESCAPE micro-switch. The micro-switchasctions vary depending on the menu the user is
accessing. We adopted this solution in order kbegotitton number as low as possible without lingitin
the user options provided. Having a limited buttamber on the platform ensures that the user will n
be confused even if he has very little or no peaperience with the device. The button function
changing is announced and explained every timé&¢ouser, extended explications being provided by
easy accessing of the help menu.

Prototype design and functioning:

The Braille tactile display consists of 6 servod ah
micro-switches connected to the Microchip PIC 16587
microcontroller. The PIC16F876 uses a UART commaiia
with a Freescale HCS08 microcontroller.

The wireless communication between the EBOX and the
Braille tactile devices is made with the help oééscale HCS08
microcontrollers, each connected to a 802.15.4 oradi
transceiver. The EBOX application sends the charabtrough

Pic. 4 — servo driven BriIIe 10

Refreshable displa
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the RS232 serial port to a HCS08. The HCSO08 sehelscharacter to the HCS08 microcontrollers
located on the Braille tactile display via 802.18ctmunication.

In the end, using a Serial communication, the attaraeaches the PIC16F876 microcontroller.
Using a PWM algorithm the PIC16F876 brings the &/a® in the position that corresponds to the
character.

In the redesign of the Classroom learning platfevenconsidered the replacement of the servo-
motors with a refreshable Braille Cell.

MENU startup=1
o

YE:

Menu Lectii
B1: HELP2
B2: Assigning
B3: Exit

B4: Rewind

B3: BACKWARD
B4: ENTER

«——NO
Y
/AIT FOI
CHAR
YES
B1 DECODE B4
B2 B3 Executie
Button 1
Button 6
S

/AIT FOR /AIT FO
CHAR CHAR

B YES

DECODE Executie Button 6

B2 B

Fig. 4 — audio interface flowchart diagram

. Note: The flowchart presented in this figure is only pertas the development for all the
lessons is very similar we provided here only #esbn 1 chart in order to save report
space;

Technical details:

What is802.15.4 ?

802.15.4 is an IEEE standard that defines the pobtand interconnection of devices via radio
communication in a personal area network (PAN). Staedard uses carrier sense multiple access with a
collision avoidance medium access mechanism angosigpstar as well as peer-to-peer topologies. The
media access is contention based.
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Wireless personal area networks (WPANS) are usedontvey information over relatively
short distances. Unlike the wireless area netw{MsANS), connections effected via WPANS involve
little or no infrastructure. This feature allows ain power-efficient, inexpensive solutions to be
implemented for a wide range of devices.

General description of LR-WPAN (Low Rate Wireless Personal Area Network)

A LR-WPAN is a simple, low cost communication tlediows network connectivity in
application with limited power and relaxed throughpequirements. The main objectives of an LR-
WPAN area are the ease of installation, reliahilgyort-range operation, extremely low cost and
reasonable battery life, while maintaining a simgohel flexible protocol.

Some of the characteristics of an LR-WPAN are:
- Over-the-air data rates of 250 kb/s, 40 kb/s, eéhé&lis
- Star or peer-to-peer operation
- Allocated 16 bit short or 64 bit extended addresses
- Fully acknowledge protocol for transfer reliability
- Low power consumption
- Link quality indication
- 16 channels in the 2450 MHz band, 10 channelsaflb MHz band, and 1 channel in the 868
MHz band.
Two different device types can participate in an-WRAN network: a full function device
(FFD) and reduced function device (RFD). The FFD cperate in three modes serving as a personal
area network (PAN) coordinator, a coordinator, afewzice. An FFD can talk to RFDs or other FFDs,
while an RFD can talk only to an FFD.

General description of the devel oped software application

Application was built over the 802.15.4 MAC (memiiaccess
802.15.4 control).
The MAC is completely decoupled from network aggion.
Communication between application and MAC is realizwith message
transmitting mechanism.
On the FFD was built a software state machine thmgtdlies the:
- 802.15.4 MAC initialization, an energy scan detattused to view if there are
A————— other PANSs in his own personal operating spaceuad 0m), generate a PAN

“ar=ra» D (indemnificatory), select a communication channstart the PAN
coordinator, and go in a listen state where theicdewaits data from end

Fig. 5802.15.4 devices or transmit data.
applltcatklon The RFD’s concept application is much the samith@d?AN’s:
stac

first state is initialization state, next the devstarts an active scan to discover
the nearest PAN coordinator, evaluating the scapaese from MAC and choose the best link quality.
After that, the RFD must associate to the PAN coatdr sending an associate request message. After
receiving the associate response the RFD can seed/e data to/from PAN coordinator.

Algorithms

Algorithms utilized include PWM servo control, 803.4 device pairing, 802.15.4
communication, UART communication.
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For the PWM servo control we used real-time opegasystems concepts. Since we had to
control 6 servos in the same time, a multitaskifgp@thm was developed. The application uses 3
PIC16F876 interrupts: 2 for the internal timers am@ for the serial communication.

The TIMERL1 interrupt is used for the refresh of /M signal sent to the servos. Each servo
must be refreshed at 20 milliseconds. In these itiond we used a 2.5 (20/8) milliseconds TIMER1
interrupt. At every 2.5 milliseconds the interrypill be activated and a servo will be refreshedheT
refreshing will take 15 milliseconds for all of titeservos. Therefore an expansion to an 8 Bradls d
system is possible.

In the algorithm, the servos are represented ds.tA¥hen the program starts the tasks are
initialized with specific angle and task state esuWhenever a TIMER1 interrupt occurs the task
context is saved, the current task is blocked hedext task is activated.

The TIMERO interrupt is used for the control of tkervo angle. A value is loaded in the
TIMERO counter according to the PWM pulse neede@feervo to get to the specific angle.

The serial interrupt accomplishes the communicatdh the HCSO08 and it is activated when a
character is sent from the HCSO08 or a button isgwé from the Braille tactile display.

The PIC16F876 and Freescale HCS08 UART communitaioe easily done with the use of
UART initialization functions. The functions enaldpecific registers of the microcontrollers in arde
for the communication to be done.

The EBOX UART communication is done using the 3Bpé class in the .NET 2.0 Compact
Framework.

3.2 Software tools

The Microchip MPLAB IDE was used for the writing and debugging of the &lege real-
time PWM servo control program which was delivemedthe PIC16F876 microcontroller. It includes
specific PIC16F876 libraries that were needed fogmm writing.

Hitech PICC LITE compiler was used for the compiling of the C laagg servo program and
for obtaining the .HEX file that was needed to béten on the PIC16F876 microcontroller.

The PICdownloader program was used for the downloading of the Csapplication on to the
PIC16F876 microcontroller.

The Freescale CodeWarrior IDE was needed for the application developed on tleedéale
HCS08 microcontroller. Unlike the MPLAB, CodeWarriwas used for the writing, debugging and
compiling of the 802.15.4 C language applicatidralso has a direct role in the downloading of the
application on the HCS08 microcontroller.

The WinMerge was used for achieving necessagurce code comparison in the wireless
network application.

The Platform Builder for Windows CE 6.0 was used in order to build and generate the
operating system image for the eBox 2300. Inuistrial Devicefor Internet Appliancéemplate macro
was used to initially build the image. After rungia Clean Build and Sysgen, the new image was then
tested on the eBox 2300 through a direct Etherpletaal using the built-in boot loader.

We used Mike Hall's application CEFileWiz to intagg our software and the necessary sound
libraries in the OS image.

The two main utilities that we regularly used wdre Remote Registry Viewer and the Remote
Process Viewer. The device registry acts as amnm@diate node for system settings. Our main process
references the registry while the user interfaceisevio the registry as needed. The Process Viewer
allowed us to monitor the number of running apgiaas and threads as well as view other important
system information such as CPU load, memory usaggnetwork activity.
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Visual Studio 2005was used for the development of the EBOX appbeatAlso with the use of
.NET Compact Framework and the custom-image SDKcald deploy the image on the EBOX
through the TCP Connect Transport protocol.

3.3 Tradeoffs and optimization

The main tradeoff we were forced to consider in our
design was the elimination of complex text readomythe
One Finger Display as the reading speed would daced
considerably (this was presented in the first fee#barea of
this document). In order to cope with this problera are
developing the eBox Refreshable Braille Display ahhi
includes a whole line of Braille Cells.

The EBOX application was initially developed on
computers with Windows XP and the .NET framework
: installed. As we had no previous experience witke th

Pic.5 — eBox refreshable  windows CE and the .NET Compact Framework the real
Braille display development  problems issued when we tried to move the code on
Windows CE. Because of the fact that the .NET Camnhpa
Framework is a subset of the .NET Framework, sofrteefunctions critical to our application had to
be rewritten. For example there was no WAV playction. In consequence we had to use SoundCard
specific API functions in order to get the audiay®d.

Another important aspect was the need to considdtithread programming for our applications
in order to provide a better user control overicait areas where playing long wav files would freez
any other activities.

In what the physical platform is concerned we fmthake an important compromise in terms of
size for the Stand Alone Device where we had tontaai the servo motors for motion control as in the
prototype. This decision was taken because of #meos capability of more accurate and complex
movement which provides a wider range of user mgtifor tactile sensibility development.

An optimization was obtained for the Classroom bésy Device by using the Braille Cell
instead of servo motors.

3.4 Product testing

Testing was conducted between development phasetheat
Moldova College for the visually impaired.

The final feedback obtained before the final réponcluded that
we have a fully functioning learning device. Oveseries of tests we
ensured that all the printed characters in thelBralphabet were accurate
and according to Braille standards.

The lessons structure was simple and easy to faladvthe form in which
the actual printing on the Stand Alone Device isabelps in character
‘ association and recognition.
® oo e e Ex.: The letter M is composed for dots 1, 3 and e dots in this
o0l ool oo letteralso form the A character (dot number 1) #mel C character (dots 1
o0l ool e o and4), soamore logic way to study this lettectild be to learn at first the

A > C > M

Pict.6 — Finger reading
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letter A then C and finally M. The manner in whigke drive the servo motors induces no reset stéte (a
dots retracted) between character printing, sa afeng dot 1 for reproducing Braille A, we kedpup
and rise dot 3 for completing the C and so on.

Another possible using of the Stand Alone Devieediscovered in our last survey would be that
of increasing sensibility in all fingers not just the index ones. This will help in increasing teading
speed for users that use the other fingers onlpdge orientation.

In this feedback we concluded that our applicatineaed more features in terms of more Braille
knowledge tests. Also future development of thetvgarfe for the Classroom Learning platform by
adding a database will ensure better use of thel802wireless communication and will improve the
manner in which the teacher conducts the classes.

3.5 Product reliability

The feedback we received from the “Moldova Collefga’the visual impaired has proven to us
that the learning of Braille aplhabet is possiblthjust one Braille cell display.

Since the learning of the Braille alphabet is didift and slow process (as people try to use
their visual sense in order to see the charactarms)kolution offers a simple way of sensing therme T
person can ,stay” and sense/learn a charactersfdorsg as he/she needs without worrying about the
degrading of the medium on which the letters anet@d as it happens with paper. The system offegs t
students the possibility of repeating a characehém for as long as it's needed. The audio hedptlze
assistance that is given to the user makes thegiran easy and intuitive learning tool. And last ot
least our product will do all this without ‘burrrgra hole’ into the costumers pocket.

4. Team Overview and Project Status

The team members are Bogdan T,Alex ,Bogdan H amel &l students in the fourth year at
Computer Engineering department.

All team members have background knowledge in #lyois, microcontrollers and windows
platform programming.

In the first stage all team members have expldnedBraille data processing systems and WinCE
universe.

Bogdan T has developed the WinCE OS image and eshsdirthe conditions for integrating the
developed application. Also he designed the sclee@lgorithm for the Braille display using servos.

Bogdan H has developed the application modulei®miireless communication used in the
Classroom Learning device according to the IEEEBR2 standard. He also created text-to-Braille
algorithms.

Alex has designed the lesson curricula and maiethaihe continue interaction with the Braille
instructors from the Tg. Frumos College for theuaiby impaired. He was directly involved in actual
testing using visually impaired students, ensutirggcontinuous improvement of the project prototype
with the blind student’s reactions and their teaishadvice.

lonel has developed the audio library support ier Braille speech module-English, Italian,
French, German and Romanian. He was involved inlésggn of the eBox application flowchart. He
also developed programming sequence for servoaontr

The project development stages:
1. Identifying the problem requirements.
Feasibility research.
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Tactile sensibility parameters.
Braille writing.
Low cost study.

Objectives:
. Dynamic Braille character generation.
. Braille basics lessons.

In classroom Braille learning architecture andwafe tools.

2. Draft solution.

3. Preliminary prototype design & development.

4. Text-to-Braille algorithms development.

5. Preliminary test with end-user and reactions amgalys

6. Software development for:

Basic functions.

Software applications.

7. Real conditions testing with visual disabled sutsjéc a classroom. Final feedback

integration.
8. Technological redesigning of the project in ordeathieve a market competitive product.
. Standardization.
. Functional modularity.
. Expandability.
. Miniaturization/low cost/low power/wireless network

We have achieved all the targeted objectives. d&&towere met in some areas of the
technological redesign in terms of efficient poweanagement. At this moment we are using lead
accumulators as a power source. The solution isi&fit but increases the overall weight of the ayst
More efficient Lithium ion polymer battery could Ige this problem in the future but for now we
weren’t able to conduct a consistent researchigattea.

5. Summary

We have developed a Braille cell display cdigtbby a WindowsCE application and test
sequences using blind students. After blind teaslaelvice and students reactions we have developed
classroom curricula for primary Braille learningge.

The wireless communication for Classroom
Braille Learning Device was successfully
developed and tested according to the IEEE
802.15.4 protocaol.

We are now developing a more complex
device that will incorporate a complete refreshable
Braille cell line.
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The research conducted during this project revealediltitude of alternative technologies
useful for miniaturization and power consumption
reduction. Using a piezo-electric Braille cell, 802.15.4
communication device and 2 Li-ion 3.6V cells with
physical dimensions of 2.10 x 1.50 x 0.30 inchehethe
system dimension is reduced with 80% compare t@aact
system. This fact, combined with flexible materjaisl
allow developing a more compact and light device,
featuring a complete Braille cell line that coulel &ttached
to the owner’s hand as depicted.

Moreover a Romanian Centre of Inventions has
developed a new generation of actuators for Brandaitor
cells, using cold plasma. The advantages of plasma
actuators over conventional piezoelectric onesushelthe
reduced electric power (8 to 10 times), their luosity, Pic. € Intelligent clothing
their small size, and their lower manufacturingtsos
(Romanian Patent Office (OSIM) Nr. A/ 01549).

Based on the development of these new types oats, and on specially designed textile
fabrics we are even considering implementing aesdfable Braille cell line into the user’s clothing.
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