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4hrlract. Jct,a ii,lhtle application for GPS outdoor navigation an

,:: tpt: lat iQtt,  adertecl for visual lv tmpaired people, is presented. lhe

l i tpi t{ ;at i ln $, i l l  sattsfv the special needs of the target user grlup '

hir: a anrl visually impaired people. The main advantages of the

i.r,.tpnscd application are; it can be installed on low budged mcbile

Dhones with Java Viftual Machine (JVM); works with any external
i)PS receiver with Bluetooth infurtace or wlth integrated in mobile

1.t!11"titp GPS, route plannrng withaut wtEB server need; speech enabled

t,tultt-levei menus in Bulgarian; speech navigation in an unknown

ertttirontnent, uSer Can send alarm in Case of danger cr loSt rOute,

Introduction

The number of  v isual ly  impaired people is  aborr t  180

nr i l l ions of  which 45 mi l l ions are tota l ly  b l ind Every 5 seconds

a man goes b l ind.  For  the chi ldren th is  f requency is  '1  minute

!1] lhe orientat ion and navigation of the visual ly impaired people

in-urban and suburban envi ronment ,  necessary for  the i r  normal

l i fe, are very dif f icult  and create serious l imitat ions. These l imi-

tat inns are part ial ly Overcome with the special ly trained dogs,
rvhite canes and adapting the environment to the people with

v isual  d isabi l i t ies.  This  s l lpposes that  the socia l  adaptat ion of
people with visual impairments require large investments

The moclern level  o f  the mobi le  communicat tons a l lows

for the development of appl icat ions for navigation of visual ly

impaired peopie at relat ively lov; cost. The combination of mobile

technologies, satel l i te navigation systerns and the algori thms for

cigital speech processing al lows the creation of mult imodal

interfaces [16] which might be successful ly used for orientat ion

ancl navigation of the visual ly impaired people [5, 6] At present,

dozens of mobile appl icat ions exist that enable GPS navigation

lor  vrsual ly  impaired people Al l  o f  them are based on c++ for

operation systems l ike Syrnbian [2] and Microsoft Windows

Mobile [9] The main reason for the selection of c++ is the

easier idaptat ion of already exist ing similar appl icat ions for

personal computers The selection of c++ presupposes the usage

of  a mobi le  terminal ,  such as a smaf tphone,  PDA or  Pocket  PC.

f lowever ,  due to the i r  s t i l l  h igh pr ices,  the wide usage of  such

applications is presently impossible
T h e p a p e r d e s c r i b e s a J a v a m o b i i e a p p I i c a t i o n f o r G P S

navigation, adapted to visual ly impaired people The piatform

independence of  the J2ME technology used a l lows tor  the appl i -

cat ion to be insta l led on any mobi le  ter r r ina l  o f  the medtum

price segment with integrated JVM and the necessary appltca-

t ion program interfaces.

R, lvanorr

Prohlem $tatement

Cne o f  the  maiOr  p rob lenrS in  the  i 'pa  p2r i iqa t r l l  i s  l i re

i f t s i r f f iC ien t  aCCUraC.y  (10-  i5 )  r r r  \ i i i f ren  f l ln  r t t r111 l ' r f  f  r r i  t r rq ih lo

satel l i tes is large and thele is l tn ref ler iqr : r  sronals t l ro . r { ' l

cu racy  is  reach ing  (a -5)  m In rprovement  i r t  acc t t racy  can be

achieved through the use of  Di f ferent ia l  GPS (DGPS) In th is ca*se

through correct ion of  the GFS data f ronr the terrestr ia. l  stat i t tns

one can achieve accuracy better than 0 4 m UrrfortunatelV. [ ]GPS

on the telr i tory oi  Brr lgar ia f r r  n ' tn mi l i tarv pLryngSeS is t tc l

supportecj  A goor i  a l ternat ive especial ly fnr  c i ty navigat iot t  ic

Assist  GPS (AGPS).  l t  q ives good rest t l ts  r ruhen thB GFS sictnals

are toc week and thele is a preser l r ;e 1f  ref lected sionals Tl te

most  o f  mob i le  te r r r ina ls  "n ; i t l i  h r l i l t  in  GFl l  rece i t 'e t  s t lnpn t fs

AGPS

The al ternat ives of  GPS tec:hnoloqies fot  nat t iqat io i t  ate

.  LJsage of  Bluetooth t rarrsr t r i t ls ls,  cs; id i rq i t i fnrmat iot t  fc

their  posi t ion This soir t t i r r i r  reqt l i res 2n 3r l6 l i {1nna. l  hard'urrare pat

which needs at t tonotnot ls pLl \ r ' ier  -srLpply
.  Local izat ion through rrsage i l f  \ lJ i - r i  networks ( the post

t ion of  the wi-Fi  t ransmi lJers is necessary) lh is solr , r t ion has

prac t ica l  sense on ly  fo r  indoor  nav iga t ion
.  Usage of  Radio Freqtrency ldent i f icat ion (RFi l t )  iaqs Ti t

Solut ion enableS local izat ion wi t l r  accrqr ' ,11ry of  2frnyt  i . )  z ' lm Re

cause of  the low pr ice of  the RFl l . l  tags,  nc inteirral  pourer suplr

needed and the  poss ib i l i t y  fo r  inco ipora t ion  in to  the  n iobr l

terminals of  Near Fieid Cornir t r i . i icat ion ( l ' lF( ; )  modules th

technology has i ts future pr imari ly in otder to ,e l rer ; t  locat ion r .

objecis such as stat ions,  inst i+tr t inr ' . .  112ff ic l ights,  anc etc

Current ly,  the GPS navigat ion (AGPS, DGPS) l r25 1rs 2l{g

nat ives  in  the  deve lopment  o f  mob i lc  app l i r :a t io t rs  f r l r  0 t r td t '

navigat ion.

Exist ing developrnents in the f ie ld cf  0PS navigat ion s\ l

tems for the bl ind are mainly ,**  sppl i0at ions for Syrnbiart  at

Microsoft  windows N4obi le For them the real izat ion of  the Te

To Speech (TTS) t ransformat ion is by means of  an addi t iot

app l i ca t ion  (sc reen reader ) ,  fo r  exam[r le  Mob i le  Speak [7 ]  r t

Talks [8]  This impl ies that  the user inter" face shoulc l  not

graphical  and therefore the appl icat ion would not be used

people wi thout v isual  impairments.  Table 7 descr ibed the adva

tages and disadvantages of  some of the most widely t ts

mob i le  app l i ca t ions  fo r  GPS navrgat ion ,  adapted  to  peop ie  
" i r

imoa i red  v is ion
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Ta6fe 1. Comparative analysis of GPS navigation systems adapted to visual ly rmpaired peo
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Appfication Arehitecture

Fiqure 7 shn'vs the general  v iew of  the appl icat ion archi-

tectt tre

A. Application Ch aracteristics

The main features that the application pr0p0ses are c0n-

sistent with the requirements of a control group of people with

impaired v is ion
. For the greater part of the Bulgarian terr i tory there are

not suff iciently detai led and actual GPS maps The application

al lows to work with virtual maps ( information about objects in

the specif ied radius and navigation on the route chosen)'
.  Possibi l i ty for seif  -planning a route without the need for

access to a wEB server. The route planning can be automati-

cal ly, without cl ient rnteraction, manually using the GPS maps,

manually without using GPS maps and a combination of auto-

matic and manual.
.  Record ing of  speech rnarkers names of  landmarks,

route waypoints ,  route names For  that  purpose the s ignal  f rom

the microphone is  captured and sampled (Fs=B kHz Bb PCM)
.  Speech enabled mul t i - level  menus rn Bulgar tan
.  Route speech navigat ion
.  Possib i l i ty  to  work wi th mobi le  ter rn inals  f  13n '^"  ' -c-

d ium pr ice segment .

B. Program Requirements
At the cl ient 's side the application is instal led onl l '  \" 'h8n

the mobi le  terminal  suppor ts :  prof i le  MIDP 2 0 conf igurat tcr

cLDC 1.1,  B luetooth APl ,  F i le  connect ion APl ,  Mul t iMedia API  and

wire less Messaging APl .  l f  Locat ion API  is  suppor led,  the appl i -

cation can operate with the GPS receiver bui l t  in the mobile

terminal .

C. Program Architecture
Program architecture of the application in the form of

relat ions between the main claSSeS and interfaces is shown in

figure 2.
Next, the descript ion of the more impodant classes and

interfaces fol lows.
c lass GPSProvider  is  used in  order  to  real ize communi-

Rlitcto,-rth I{T1'P

Bl re tcoth  GPS
rccc ivt-r

f -
^ffi'{ffLl E @ r u

Figure 1. General view of the application architecture

The navigation system has typical 3-layer cl ient-seruer

architecture, The piatform indepenclence is guaranteed by the

usage of Javatechnclogy only J2lr4E at the cl ient 's side and J2EE

at  the Server 's  s i rJe.  Avai lab i l i ty  of  connect ion wi th WEB Server

is  not  necessary,  Through i t  the fo l lo iv ing can be real ized:
. Downloading GPS Inaps \\ ,rhen a GPS map is unavailable'

a  v i r tua l  map is  used or  a route l ranned by the c l ient .
.  Recorc l ing rnformat  on fc '  a ' :n  tectL l re and geographic

objects  ( landmarks)  in to the . la ia iast'  
.  Down load ing  landma i l s  ^ ' . " ' -? t :n  deoend ing  on  the

pos i t i on  o f  the  c l i en t  Iach  ;  e i :  u :s  ] l l : ss  t c  the  IandmarKs ,

inser ted by the other  useis  c '  :^ :  
" '  

I :  s3 ' '  18

ln  S0S mode {a la rn ' '  -  l  r  s :  ' '  : : -  l : '  c  "ou te  los t ) '  a

no t i f y ing  SMS or  MMS rs  : :  - . r  : : - :  :  :  : : ss  l l e  to  make  a

snapsho ts  w i th  the  cAmer l  : '  ' -=  - -  ' :  :  : : - -  - :  t o  p resen t

in fo rmat ion  abou t  the  c  : -  :  - : - - .  ' '  " - :  
'  = ' ' ' :  aud io  mes-

sage,

Onlv for snrartnhoncs wrth Microsoft Winclows Mobilc '

ODeratcs -r.r,ith scrccn rcaclcr. Reqtlires GPS maps.

Only for Pocket PC. Rcquircs GPS maps.

L

and control I 200?
2'llogries



il
H

H
H

,&
8
m
dn

h . c
E

B&
a
o

[..q]

* l

I
t

I

l r
I

, l
I

I t
I

t
t l
I

I

I
l l
I

l l

r l
I

t
I

I

t

l r

t l

-1 I
I

I t
I H

H
I

I '  I  I

I{
I
I

. . _ . I

Fiqure 2.  Uni f ied Model l ing Language (UML) c lass d iagram

0

r:r

ittf ot""tatio n tectrr-ro lo
and cor

22 I 200?



cation with any external GPS receiver with Bluetooth interface.
GPSProvider contains NMEA parser which extracts information
from the following NMEA-O183 sentences: GPRMC, GPGGA, GPGSV
and GPGSA. The information obtained is: GPS data val idity f lag,
latitude and longitude, altitude, speed, course and accuracy, The
access to this information is possible via GPSListener intedace.
The objects that require GPS information receive it by class
GPSData. The notification for new data is realized through a
message: every given time interval, after a given path has been
passed, and adaptively, depending on the speed of movement.
The type of noti f icat ion is set upon registering the usage of the
service The searching of a GPS receiver is real ized with a class
FindGPSReceiver. l t  is entirely automatic, without the interaction
of the user.

Class DownloadManager realizes the communication with
the WEB seruer (protocol HTTP 1 1). l f  the cl ient wishes to send
and receive information, registrat ion is required, after which an
lD code for access is received and recorded in RMS of the
application. The access (reading, writ ing and delet ing) to the
F lash  d isk  o f  the  mob i le  te rm ina l  i s  rea l i zed  w i th  c lass
FileManager. A Class VoiceRecorder enables the creation of
voice markers. The cl ient pronounces the name of the marker
after an urging signal and the Voice Activity Detector (VAD) algo-
r i thm f inds the beginning and the end of the speech segment,
transforms PCM data to a WAV f i le (Fs=8kHz, 8b PCM), and
records i t  on the disk a with Fi leManager. The maximum duration
of the voice markers is 4 seconds,

Class lmageManager is used for processing of al l  graphi-
cal resources with which the application operates. Currently, for
the real izat ion of speech navigation prel iminary created audio
resources are used, which are merged to the necessary expres-
sion by a class AudioManager. This solution requires less memory
in comparison with a real TTS, and al lows for the application to
be instal led on a wider set of mobile terminals. In order to save
memory, the audio resources are in AWB format.

The communication between the dif ferent classes is
real ized in the form of messages (commands and data). The
necessary mai l  box is  suppor ted by a c lass P0Box and
P0BoxListener interface, Each object which has to receive mes-
sages, must real ize an interface P0Boxlistener and define a
method newMessage. The messages may be unicast or broad-
cast. Al l  algori thms for processing of GPS data (distance be-
tween two points, bearing, onl ine optimization of the number of
route points, search of the closest point to a route, adaptive
Kalman f i l ter ing, and etc.) are real ized with the stat ic methods
of the class GPS. The necessary transcendent functions (atan,
acos and asin), which are not supported by the class Math, are
real ized in class NavigatorMath.

The class S0S contains methods for sending an SMS or
MMS. The S0S mode is act ivated by holding key <'1 > pressed
for more than 200 ms. The navigation via GPS or virtual maps
is realtzed with a class NavigatorCanvas. and the planning of new
route - with a class Router0anvas

D. Resources Used
The s ize of  the appl icat ion is  164K8 of  r ,vh ich 103 KB are

audio and graphic  resources The reolace 'nent  of  the speech
synthesis  (bui l t - in  TTS or  screen readerr  rs  just r f red by the

fol lowing reasons:
. There is no screen reader in Bulgarian.
. The size of the application when using prel iminary cre-

ated audio resources is smaller as compared to the usage of
TTS database,

. 0peration system such as Symbian and Microsoft Mobile is
not necessary.

As the mobile appl icat ion is staf ied on platforms with
l imited resources, the size of memory used is very important
Table 2 shows the memory size necessary for the application
at ditferent stages of its operation,

Table 2. Memory used

Stage Used memoru. KB

Initialization 1 1 6

Access to main menu 123

Operat ion wi thout GPS map 240

Operation with GPS map 363

Maximum consumption 403

Experimental Results

A great part of the Java written GPS navigation systems
has limited functional characteristics and unsatisfactory reliabil-
i ty. Inappropriate use of mult iple communication channels op-
erating in pseudo-paral lel,  the omission of on-l ine optimization
of the used operative memory, inappropriate ways of inter-object
communication and access to shared resources are the main
reasons to block Java applications. The described application
works stable and does not al low blocking of the user intedace.
The resul ts  obta ined dur ing the appl icat ion test ing are shown in
Figure 3.

The snapshots, from top to down and fronn the left  to the
r ight  are:  main menu,  set t ings menu f ind GPS receiver  load
new route, l ist of saved routes, aled message i f  user s 'a, a' , ' , 'a!
f rom route,  route is  loaded ( in  red) ,  p lanning of  a  nel l ' ' c ' : :  -

manual  modewi th usage of  GPS map p lanning of  a  ne\ ' , ' ' c - : :
in manual mode without usage of a GPS map autornat I  :  j --

ning of a route, navigation with a GPS map, and route nauga: c-

Gonclusion

A rnobile Java application has been developed which
enables GPS outdoor navigation and which might be used by
both people with and without sight problems, Unlike similar
existing C++ applications, the proposed solution is characterized
by the fol lowing main advantages:

. Can be used by a large number of users, The installation
of the application requires hardware and software resources,
which are suppotted by mobile terminals from the medium price
range.
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Figure 3. Results obtained during
the appl icat ion test ing

. Possibi l i ty for autonomous work, without need from
connection to a WEB seruer.

.  0peration with GPS and virtual rf laps.

. The cl ient can plan routes.

.  Supports  vo ice landmarks.

.  Program s imulat ion of  a  panic  but ton (S0S mode).

.  0nl ine optimization of the number of waypoints, that
describe a route, Thus, the size of the f i les, containing customer
routes gets drastical ly reduced ( in average by over (10-20)
t imes, depending of type of route) and the usage of the operative
memory is minimized. The optimization algori thm is adaptive to
the speed of movement and the current accuracy of the GPS
receiver.

In the future, development of Java l ibrary is foreseen, for
the real izat ion of  synthesizer  of  speech in  Bulgar ian There are
plans to adapt  the TTS system Fl i te  [14] ,  developed rn C+,  for
smaf tphones and Pocket  PC. l t  is  a  d iphone-based speech
synthesizer  (11 kHz,  8 b i t )  The s ize of  the feature database is
u n d e r  1 . 2  M B .
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