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Abstract

One of the most important limitations for peopléhadisual impairment is
the inability of unassisted navigation and origatain unfamiliar buildings.
An low-cost indoor navigation system, which is lmhe&® mobile terminals,
supporting technology Near Field Communication (NF&hd Java program
access to Radio Frequency Identification (RFID)stag developed. The
proposed navigation system enables users to imdgeenap of the rooms
(dimensions, relative position of points of intéye§his information is stored in
RFID tags in WAP Binary eXtensible Markup Langudy¢BXML) format.
The system allows leaving audio messages thateameded in RFID tags in
Adaptive Multi Rate (AMR) format. Voice enabled igation, that is familiar
to users with visual disabilities, is used.
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1. Introduction

The number of people with visual disabilities isward 135 million, of
which 45 million are blind (S.a., 2009b). For pepplith visual disabilities
navigating in unfamiliar buildings is more diffituhan outdoors, where mainly
they rely on guide dogs and white cane. The mdiiculties in the indoor
navigation and orientation are: missing known laadk®, restrictions to use
guide dogs, overcoming obstacles can be riskyalhtite blind can read Braille
tags, the price of most of the existing systemsnfidoor navigation (Hesch and
Roumeliotis, 2007, pp. 3545-3551) is impossiblafford for most people with
visual disabilities.



When creating applications for people with visuahdilities of particular
importance is the correct choice of the user iaterf The User Centered Design
(UCD) must be used in which a selected group afsusgolved at all stages in
the process of application design. It is therefereessary to learn some basic
characteristics of the target group, such as: edjgation, employability, level
of use of mobile terminals, the preferred methachvigation and orientation,
basic navigation problems in unfamiliar environnsergnd last but not least
their income.

One of the major disadvantages of the existinganaavigation systems
for the blind is the high price of hardware parhich in most cases is not
consistent with the income of blind people. Theomdnavigation system for
the blind is proposed, that ensures widespreadhasds to the integration of
mobile phones from the low and middle price segmelaiva technologies, and
passive RFID tags.

The remainder of the paper is organized as folld®extion 2 shows
different types of methods used for indoor navigatior the blind. System
design (mobile device selection, hardware and sofiwarchitecture, and
navigational data encoding) are presented in Se@&ioSection 4 describes
experimental results, and Section 5 concludes #permpand gives our future
work.

2. Related work

Navigation is a process that consists of two meiivities: search road to
the specified target point and movement, includiveyavoidance of obstacles
on the road (Montelli, 2005, pp. 257-294). There @&vo basic methods for
navigation (Loomis et al., 2007, pp. 179-202): lavidation based on
information from sensors, which determine the pwsibf the blind (piloting
methods) and 2) Find the current position of theddbased on information for
the previous position and an estimate of veloaity direction of movements
(path integration methods or dead reckoning).

Dead reckoning: For the realization of this type of navigation kbic
Electro-Mechanical Sensors (MEMS) are used, whiske @n estimate of
velocity, direction and height (electronic accefeeters, magnetometers and
barometers). This type of navigation systems recagjustment of the position
after certain time interval. The correction is mad most often through
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(D)GPS, A-GPS or Wi-Fi positioning (Ladetto and kérod, 2002;
Beauregard and Haas, 2006, pp. 27-35; Popa 2088, pp. 3063-3068).

Piloting: This type of navigation is used by systems witfraied,
ultrasound and radio-frequency (RF) beckoning gratiems, based on visual
pattern recognition and visual and RFID tags deteciR based navigation
systems require special hardware part, which cegive signals from the IR
transmitters witch have a fixed position. The dateation of position is based
on the ID code of the nearest transmitter (Hant®88). In the project Talking
Sign (Crandall et al., 1995) position is transrditees a modulated message.
Better results are obtained when using ultrasoecidning. Navigation system
Drishti (Ran et al., 2004, pp. 23-30) have 22cnitjomsaccuracy. To calculate
the position of blind metric Time Difference of Mal (TDOA) is used. For
this purpose, the blind users are equipped withulivasound receivers, located
on their shoulders. Ultrasound technology, exceptiEtermining the position
of the blind, can be used and to detect obstadlethe road. Most often
detection is based on the conversion of the refiectitrasound signal to
modulated sound (Kay and Chesnokova, 2005) ortidbréBousbia-Salah and
Fezari, 2007, pp. 333-337). The greatest use h&JeeRkoning techniques. In
this case finding the position of the blind is lmhea analysis of signals from
wireless networks, such as: Bluetooth™, Wi-Fi arigldWide Band (UWB)
(Youssef et al., 2003, pp.143-150; Ladd et al. 42@%5-559; Bohonos et al.,
2007, pp. 83-88; Rajamaki et al., 2007, pp. 96-10d) determine the user
position metrics such as: Time of Arrival (ToA),n& Difference Of Arrival
(TDoA) and Receiver Signal Strength (RSS) are uleduracy is from 1m to
50m.

There are indoor navigation systems for the bima/ich position of the
blind is determined by the position of visual masker objects. In order to
reduce the price of the system mobile phones witl-in photo-camera may
be used. As example, Rohs (Rohs and Gfeller, 224265-271; Rohs, 2005,
pp. 74-89) describe a system that recognizes tiek@@sponse (QR) markers.
For more precise localization of the markers Tjarale (Tjan et al., 2005,
pp. 30-) suggest markers from IR reflective maktewabe used. There are
navigation systems in which information from thdeo frames is converted to
modulated audio signals (Meijer, 2005) or to vilnrat (Bourbakis, 2008,
pp. 49-55). Navigation systems based on visuagatecognition, are still in
an experimental stage (Caperna, 2009; Nordin ald2809, pp. 883-889).



One solution that is cheaper and gives very goaitipo accuracy is the
use of passive and active RFID tags. RFID is an@olgy that has many
applications, such as: aviation, building managemégistics, enterprise
feedback control, clothing, food safety warrantibealth systems, library
services, museums, retailing, and etc. (Weinsted5,2pp. 27-33; Chan et al.,
2008, pp. 507-509; Ngai et al., 2008, pp. 510-528 number of RFID tags
sold has risen to 180% in last six years. Thisreldgy allows accurate
localization of objects (several centimeters), h#s no real tracking
capabilities. The most of existing RFID-based natiign systems for people
with visual disabilities (Lawrence, 2006; Willisghlelal, 2009) used a grid of
tags. Such a solution has the following disadvasagequires a very large
number of RFID tags if in the building has tenshandreds of rooms; the
integration of the tags in the floor or carpetsuregja lot of money; low speed
of movement due to the low speed of RFID tags regdidditional hardware is
needed - RFID reader, that can be integrated lt@ehd of the white cane or
shoes. Available RFID tags have very short detectimges (up to 10cm). To
make them suitable as indoor electronic beckonsesof techniques for
detection range extension are used (Szeto and 8hafQ7, pp. 6361-6364).
The detection range can be expanded up to 10-16#idRf RFID tags are used
(Chumkamon et al., 2008, pp. 765-768).

One of the major limitations in all indoor navigatisystems described so
far is the high price, which in most cases is maisistent with the financial
income of the blind. Part of the existing indoowigation systems are too
complex and work with them requires long training.

3. System design

The design of the application takes into accouatpreferences of the
control group of 20 users with visual disabilitidecording to data from the
Union of the Blind in Bulgaria (S.a., 2009a), thanber of their members is
15116. Of them, 73.6% are with over 90% reduce@agpfor work, and the
rest — from 71% to 90%. 62.8% of its members aegl ayer 60 years, 30.8% -
from 30 to 60 years, while the remaining 6.4% &ss Ithan 30 years. The
educational level of the blind in Bulgaria is addes: 18.1% are with low
educational level (below 4th degree), 44.9% hairegiy education, 29.9% are
with secondary education and 7.1% are with col@geiversity degree.

We used an interview to help identify specific peohs of the target user
group. The choice of the user interface is veryartgmt for people with visual
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disabilities. Research in this area (Gaunet anéfaBt, 2005, pp. 267-314;
Loomis et al., 2005, pp. 219-232) indicates thimidband visual impaired prefer
to implement navigation with verbal commands. Thiedbpeople prefer to
walk along the walls than the middle of rooms. Thenber of changes of
direction should be minimized. The route should dosstructed by short
straight segments with 9Gngle between them. The blind users can easily
identify doors, walls, and stairs by white caneteAftaking into account the
preferences of the users of the target group thie la@plication requirements
are defined: Voice navigation in application memd do reference points;
Lowest price of the necessary hardware; Opportuttityobtain additional
information through audio messages; Do not usetdatafer with WEB server
to minimize costs; Easy to use and most simplifiser interface; Navigational
instructions must be comprehensible and unambigudias meet these
requirements, it is preferable that the navigasigstem be based on the use of
passive RFID tags and mobile phones of the lowraadium price segment
(100-180 euro) with built-in RFID reader. The adeges of using RFID-based
indoor navigation systems are: Sufficiently higlecwaecy of localization (few
centimeters); Small size and low cost for largentjtias of RFID tags (0.3-0.8
euro/tag); Passive tags do not require a power hsugbility to read
information with mobile phones with integrated RRiEader; Very good level
of security.

It is proposed to implement the navigation frommot room. For this
purpose RFID tags are placed on each door. Thensyscognizes two types of
tags: navi tags that contain navigational infororatind audio tags that contain
voice messages. For easier localization RFID tegplaced above (navi tags)
and under (audio tags) the door handle. Thereforesach door two navi tags
are needed - one inside and one outside of the dbds solution has the
following advantages: minimum number of requiragstdinding RFID tags is
easier because it is limited to finding the doandie; each door is a reference
point. RFID tag for each reference point contairisrmation about the location
of all other reference points within the room. T\e@ome any obstacles the
blind rely on the white cane and messages in dag®

3.1. Mobile device selection

There is a psychological barrier associated with tise of technical
assistive devices from people with visual disabsitTo access the RFID tags is
proposed to use mobile terminals supporting tedugyol Near Field
Communication (NFC), for example: Nokia 6131 NF@mSung SGH X700
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NFC, Samsung D500E, LG 600V contactless, Motor@lahd Beng T80. The
use of such mobile phones is obviously an advarntage use an additional
hardware that user must buy and learn to use.

NFC is a short range (up to 10cm) radio frequerchiriology with data
transfer rate between 106Kbps and 424Kbps thatvesdtom a combination
of contactless RFID and interconnection technofghFC is standard (ISO
18092) defined by the NFC Forum, founded in 200 first fully integrated
NFC phone is the Nokia 6131 NFC which is availaisiemarket in beginning
of 2007. IDTechEXx forecast that, the number of REtabled mobile phones
sold will rise from 134 million in 2008 to 540 mdh in 2013 and to 860
million in 2018 (Crotch-Harvey and Harrop, 2009hid forecast is however
too optimistic, because the number of RFID-enabtetbile phones is still
small. The data exchange between mobile terminads RFID tags can be
realized in the NFC communication read/write maddi¢, 2009). Every NFC
Data Exchange Format (NDEF) record contains a pdyitescribed by a type,
a length, and an optional identifier. We use twmetpf NDEF records: in navi
tags (MIME type text/xml), and in message tags (Eiipe audio/amr).

3.2. System architecture

The main features of the application are: Speewfygaton in Bulgarian
and English; Automatic activation of the applicatioehen mobile terminal
coming into proximity of RFID tag; Working with tmypes of tags - navi and
audio; Intuitive navigation from the current pamiti of the user. The
architecture of the application is shown in Fig.1.

Near Field Communication (NFC), read/write mode5Kitibs

NDEFformatted¢v MIDlet ‘ 2“5‘3;‘”’,
RFID tags IndoorNavi meee

1 }

Fig.1. General view of application architecture
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Developed application uses the following acceska@ware resources:
NDEF formatted RFID tags, local FLASH disk of mebierminal or external
FLASH card, keyboard, microphone and speaker. Tanipesuch access is
necessary to deploy a signed MiDlet. The applinatioan be installed on
mobile terminals that support: Profile MIDP 2.0/RJ8R-118); File Connection
APl (JSR-75); Multi Media APl (JSR-135) with enaile audio
capture mode; Contactless Communication API (JSRB-23VNe use
javax.microedition.contactless.ndef optional paekag communicate with
NDEF-formatted RFID tags. The NDEF data transfersedected because
automatic activation (startup) of the applicatigntihe MIDP Push Registry is
possible only for NDEF record types.

3.3. Data encoding on navi tags

To enable description of any reference point in tys a self-describing
data representation is sought. This implies theofiseeta language which can
describe any data types. Extensible Markup Lang@gl#t) is most widely
used language when platform independent transfeleesled. It allows the
description of any type of user data and will tfene be used. The main
problem with XML in particular application is thieited size of the memory of
RFID tags. XML would not allow compact data repreagon. To compress
XML data WAP Binary XML (WBXML) format is used. Th&VBXML
enables information for approximately 35-40 refeeepoints to be stored in
Mifare 4K tag.

Navigation is from current reference point to thegét reference point.
For this purpose we use the following commandswdiod (F), left (L), right
(R), backward (B), staircase (S£n): n floor upd#yown (-) and set navigation
metric (Ux): meters (Um), steps (Us) and numberaasims/doors (Ur). By
default, meters are used. When L and R commandsusgé direction is
changed 90from the current user orientation and 18@vhen command B is
used. For example, encoded navigation string "Ef.8. R5" means: “Go
straight ahead for 5.5 meters, turr? 86t, desired room is the fifth in right side
of the corridor.” The equivalent voice command“lg: Go straight 5,5m; 2)
Turn left; 3) Right side of corridor; 4) Count 5ais”.

When navigation string contains many commands nmests forget how
far they reached and what is the next command .€fdrer, navigation is at the
level of command after command. Pressing a keyuttee hears the current
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command. After its completion the user press agkel/hear the next command
until the target reference point has been reached.

Each navi tag contains the following informatiorur@nt position of the
user (XML tag <pos>); Name of the room (tag <tdH)he name is a number,
it is assumed that this is the number of officeapartment. The name can be
formed by the combination of word and number, sagHtfloor 6"; Dimensions
of the room in meters (tag <dim>); Name of refeeepoints and navigational
information to reach it (tags <object>, <name>,vira An example content,
stored in the navi tags, is shown in Fig. 2.

<?xml version ="1.0"7?>
<tag>
<pos> ent r ance</pos>
<to> | eavi ng- r oonx/to>
<dim> 5. 5x4</dim>

<object>

<name> bedr oonx/name>
<navi> L1 L3 RO. 5</navi>

</object>

<object>
<name>t er r ace</name>
<navi> L1 L4.5 L3</navi>
</object>
</tag>

Fig. 2. Example content of navi tag

To record information on navi tags C++ applicatienwritten, which
communicate with Omnikey CardMan® 5321 USB RFIDdexalhe structure
of data stored in RFID tags is shown in Fig. 3. &ach tag identification code
is used, which is formed by: date and time of mcgr (eTag), the tag
identification code (tag ID) and record MIME type.



Serial No. and manufacturer data

Record MIME type: text/xml, audio/amr

Record ID, date & time, tag ID

NDEF record (payload data)

Fig. 3. Tags data structure

3.4. Program architecture

Program architecture of the application in Unifigbdelling Diagram
(UML) format is shown in Fig. 4.

IndoorNaviCanvas

<<interface>> i rmidlet @ canvas
TargetListener
‘f‘ IndoorNavi
[ Cperations
<sinterface>> TagCommunicator <2 public IndoorMNavi( )
. <
NDEFRecordListener| midier: Bt EEEstat (] <<datayps>>
T ) protected void pauseApp( ) MiDlet
S z protacted void destroyApp( boolean argd ) [

public void kill{ )
<<interface>> AudioManager public void  sxit( )

PlayerListener [+ — ~ 7 private void getAppStatus( )

pudio private vaid saveAppStatus( )

: public void enableWriteAudioMode( )
! midlet l midlet
Ohiak <<interface>> VoiceRecorder
ects AR D
g Runnable [
& fm
1
Menu TTS FileManager

Fig. 4. UML class diagram

The description of the most important classes atatfaces is follows:
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IndoorNavi base class is used for initialization of the aggtion. It is
realized in body of the method startApp. Initialgn object of class
TagCommunicator is created. To ensure that thecatiph when launched by
Application Management Software (AMS) receives figatiion related to
discovered NDEF record it must register its NDEFRR@kistener as soon as it
is started. Then all other necessary objects, fer functioning of the
application, are created. The values of the paemieeeded for the application
initialization are kept in the Record Managemenst&y (RMS) - ttsFlag,
writeEnableHash. Read and write from/to RMS is izedl by methods
getAppStatus and saveAppStatus. Two ways to egih fapplication are
supported: exit without unsubscribe from Push Regi{snethod exit) and exit
with unsubscribe from Push Registry (method kill).

To speed up the communication with RFID tags, dateached on the
local disk of the mobile terminal. When the apglma is started for the first
time, the following folders are created: IndoorMeathe/audio (information
from audio tags) and IndoorNavi/cache/navi (infaiora from navi tags).
Caching is implemented by the methods of diiks anager. When RFID tag
with NDEF record is detected, the following infottina is extracted: the record
identification code (RID), the record date and ti@&ag) and MIME type. The
file specification is based on RID, eTag and MIM/ge. If in the local cache
such file does not exist the content of the tagasl and saved into the cache.
Otherwise, the contents of the record is extrafttad the cache. Unnecessary
records are automatically deleted.

Communication with tags is achieved by cldsgCommunicator. Its
main tasks are: registration of the applicatiothim Push Registry if it has not
yet been made, and implementation of interfacesgeliistener and
NDEFRecordListener. When RFID tag is detected nuethpgetDetected is
called. If the mode "audio recording” is enabledbjéot writeEnableHash
exists), and if tag is Mifare 4K and audio messagavailable, it content is
saved on audio tag. When writing to audio tag ik¢ris formed by two parts:
current date and time and value of writeEnableH¥¢hen NDEF record is
recognized, methodecordDetected is activated. If the tag is navi type its
content is read and decoded. This is realised ghraniernal clasParseXML.
Information for all reference points in the roondescribed by objects of class
Objects (name of the reference point and navigation tdfithe tag is audio
type the user can: hear the voice message, datéinaadeaving and delete
message if he has necessary rights (the value je€tolyriteEnableHash in
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RMS and in tag’s ID match). Thdgorithms that handle event recordDetected,
generated by navi or audio tags, are shown ingHigthe form of pseudo code.

if (tag data are in cache) if (delete command is selected)
read it delete message from cache
else and tag
read payload data and else
decode to XML format and if (message is in the cache)
write to cache read it
end if else
parse XML data and create read data fronthe tag and
description object write to cache
end if
play leaving date and time and
audio message
end if
a) Navi tag detected b) Audio tag detected

Fig. 5. Pseudo code for handle event recordDetected

Audio messages are created by the methods of\¢tassRecorder. The
mobile terminal must support Multi Media API andd&ucapture mode. To
control the size of AMR file method setRecordSizeiLiis used. This ensures
that the audio message will be successfully recbirtte the Mifare 4K tag.

Speech navigation is realized by claSES, which calls the necessary
methods of clasAudioManager. Class TTS provides static methods for word,
sentence and digit to speech conversion. To eactl, wunich the application
support, corresponds resource AMR audio file. Fipecifications,
corresponding to words, are saved in queue andfevatifeir processing. It is
implemented in a separate thread from class Audiaiger.

User interface is implemented by classdoorNaviCanvas. It is
maximally simplified. By Left Soft key applicationmenu is called. The menu
is constructed using static methods of clebsmu. Menu items is changed
adaptively depending on the operation mode andetfterm tags (see fig. 6)
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Detected event

Key commands

Menu commands

No event detected

<*> TTS on/off

TTS on/off
Record audio messag
or

Save audio message
Play audio message
Clear cache

Exit

Kill

Navi tag detected

<> <|> reference
point

<«> current position
<—> room dimension
<fire> select referency
point

ERoom dimensions
e Navigate

Next reference point
Current position

Reference point
selected (navigate)

<fire> next command
<#> reverse route

Next command
Reverse route

Audio tag detected

<fire> play audio

message

Play audio message
Delete audio messag¢

Fig. 6. Application commands description

4. Experimental results

The tests are realised in the off-line mode by Bldki31 NFC SDK and
the Nokia 6212 NFC SDK. As an external RFID readeused Omnikey

CardMan® 5321 (see fig. 7).

In order to evaluate the performance of the apibicaa series of expe-
riments in hospital settings is conducted. RFIGs tage placed on the doors of

all rooms to which visitors have access (doctorfSces, manipulation,

registration, toilets), including the entry-exitaids. RFID tags are placed over
buttons of the elevators and on electronic infolmnaboards. The doctors can

leave messages for their patients in audio tags.
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Nokia 6131

RFID reader

Fig. 7. Off-line experiments

In order to evaluate the performance of the apiiicea series of expe-
riments in hospital settings is conducted. RFIGs tage placed on the doors of
all rooms to which visitors have access (doctorfSces, manipulation,
registration, toilets), including the entry-exitals. RFID tags are placed over
buttons of the elevators and on electronic infoimnaboards. The doctors can
leave messages for their patients in audio tags.

Floor-plan of the test building is shown in Fig. 8.
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Fig. 8. Floor-plan of the test building

Twenty blind users participate in the applicati@stt(15 men and 5
women from 18 to 69 years). All participants in test are familiar with the
mobile application and its functionality. The sédet hospital and target
reference point are both unfamiliar for users. Yaichany obstacles on the way
users use their white canes. The start refereniog ipchospital entrance door
and target reference point is Dermatology (roonilAe selected navigational
string for Dermatology is: “L2.5 R4.5 L4.5 R6.5 UlL4 R L1". Two metrics
for navigation are used: number of rooms for naiogan the corridors of the
hospital and meters for navigation in rooms. Beeacgrridors are long,
navigation in steps and meters is not approprizeause of the possibility of
large errors. In this case the user counts the aumbrooms to be passed
before reaching the desired reference point.

All participants in the test reached a target ezfee point. We measured
the time required to find Dermatology. The mearetbmcomplete the task was
140 sec. The best time is 104 sec, and the wdi81 sec.

5. Conclusions and futurework

An cost effective, RFID-based mobile indoor navmatapplication for
the people with visual disabilities, has been deed. Application combines
the capabilities of modern mobile phones, allovitmg creation of multi-modal
interfaces and low cost passive RFID tags. It @anded for indoor navigation
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(from room to room in hospitals, schools, univésitand etc.) of people with
visual disabilities.

The main straights of the application are:

1.Low cost.

2.Using J2ME technology allows the application to dmeessible to
many users. Mobile phones represent technologystimabst familiar
for the visually impaired.

3.Room-to-room navigation by verbal commands. The liggdjon
notifies the users via voice for: current positiome of reached
reference point, room dimensions, names of theemfe points in
the room; navigational information to reach selgctference point;
navigation in menu of the application and errorsoentered when
working with the application.

4 Floor-plan of a building and communication with WE8rver are not
required.

5.Simplified and event-driven user interface.

6.User can leave audio messages in tags.

7.Local info caching to speed up program response.

8. Automatic activation of application when NDEF-fortedl tag is
detected.

The main weaknesses of the application are:

1.The application can not be used for buildings wihy long corridors
and in the presence of numerous obstacles.
2.The number of mobile phones with built-in RFID regdre still small.

Navigational information must be corrected if tlseustray from the route
between two reference points or get lost. Thisasle feasible, if the mobile
phone supports program access to an electronic agsmgnd accelerometer.
Currently there is no NFC-enabled mobile phonectwiias built-in compass
and accelerometer. A prospective module “electromimmpass and
accelerometer" which will communicate with mobilbope via Bluetooth
interface is to be developed in the future.
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