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academia. The challenge - the development of swzibd

ABSTRACT transport systems - is complex, multidisciplinagd involves a

. ) large number of interrelated subsystems.
The development of sustainable urban transport oréswvis a The sustainable development concept has been distsince
present priority for world leaders, national gowemand local the seventies. One of the most well-known definiits the one
authorities. The challenge is to increase mobil@gucing the stated in the Brundtland report or the World Consiois on
adverse impacts of transport. The potential of lligent Environment and Development report of 1987: “depeient

Transportation Systems (ITS) to provide solutioos the 2%

! which meets the present needs without compromisiegbility
century sustainable urban transport system hasdyiréeen

of future generations to achieve their own needsl an

demonstrated in several piecewise applications.imegrated aspirations”. The concept has been developed ftiereit
framework that addresses the needs of municiposities, sectors including the transportation one. There sgeeral
that integrates the data spread through differentces, that definitions for sustainable transport system bue thne
supports the intelligent traffic & environment ogtons, and proposed by the Council of Transport Ministershef European
that provides information to the citizens steerittigeir Union and the Centre for Sustainable Transportatiohoronto
involvement and commitment is of critical importanand can is widely recognized [1]. The definition encompastiee social
be the enabler towards the creation of more efficigafety, and and economical dimensions, and reinforces the n&ed
environmental-friendly transport networks that poten the minimize the environmental negative impacts of st
citizens’ quality of life. networks “..limits emissions and waste within the planet's

This work describes an integrated GPS (Global Raosity ability to absorb them, uses renewable resourcex &elow
System) / PDA (Personal Digital Assistant) / GI®¢(@raphical their rates of generation, and uses non-renewabteurces at or
Information System) system which is part of the ticered below the rates of development of renewable substitwhile
framework. The system includes prototypes for meohbitban minimizing the impact on land and the generationaige”.
traffic data acquisition, with a GPS -equipped e&hia PDA The growing mobility needs of modern-days allied @0
application and wireless communications, and fgeadatabase significant utilization of private vehicles are sing notable
with a related Web application for urban trafficefvironment. congestion problems concentrated in and arounesciBesides
Their integrated operation is exemplified for a lremban the social and the economical costs of this urbeific
transport system. congestion, the environmental damages represehgperthe
] ] ) most dramatic impact [2].
Keywords: Urban traffic, Intelligent Transportation Systems The traffic related environmental adversities aféected on:
Telegeoprocessing, GPS, PDA, wireless communicgtion i) air pollution and climate change - the traffiche tdlominant
GIS-T. anthropogenic source of air pollution in urban eatg [3]
being the emissions of CO, PM and NQarticularly
1. SUSTAINABLE URBAN TRAFFIC NETWORKS preoccupant since their daily limit values are exiesl
frequently; despite the recent advances in carntdogy,
the “stop and go” nature of urban driving is a majause of
concentrated gas releases;

The - traffic & environment— thematic is a relevan
contemporary issue being “at the agenda” of woddders,
national governors, local authorities, researchneigs, and
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ii) energy consumption - the transport related eneragket is
almost 100% dependent on oil, and 75% belongs &d ro
flows; the dependency on fossil fuels impels the GGH
emissions to grow nearly corresponding to energy
consumption and contributes to the exhaustion of oi
sources [4];

iii) noise and vibration - it is estimated that morentB@8% of
Europeans are exposed to unacceptable levels ahudad
traffic noise that is, above 65 dB(A), leading teafing
damage, disturbed sleep, annoyance, impaired scrabl
work performance;

iv) land take and urban sprawl - the physical limitagiof the
existing and congested road infrastructure at udsrres
are forcing the expansion of the city frontiers ttteae
assaulting the quite surrounding villages and imgit
additional problems to connect the city with public
transports, hence more private cars utilization [5]

v) road accidents - poor road design, bad drivingptadtised
drivers, and excessive speeds allied to trafficgestion
problems are well-known recurrent causes of road
accidents.

The cooperation between all the stakeholders of utiEn

transport environment system like national, redicarad local

authorities, citizens and users, collective transpo
organizations, employers and employees associations
environmental agencies, urban transport and causinds is
decisive to achieve the goals of sustainability. [@his
multifaceted problem requires an integrated frantewo
designed to assist the governors with major respiitiss in
urban transport management —the local authoritesl to
guide the operations of this sustainable developmen

2. THEIUTEO FRAMEWORK

The Intelligent Urban Traffic & Environment Opewis
(IUTEO) framework, proposed by the authors of théper [7]
and depicted in Figure 1, embraces the manageniamntban
traffic operations, in the short and real timepider to mitigate
the environmental side-effects like air pollutiomnergy
consumption, noise, and accidents. It also reie®rthe
dissemination of information to the citizens in erdo get their
involvement and commitment into the urban
traffic & environment system. The backdrop of thaniework
are the ITS which encompass a broad range of wsele
communications-based information, control and ebeits
technologies embedded in the system’s infrastrecturd in
vehicles to relieve congestion, improve safety amhance
productivity, saving lives, time and money [8].

INTELLIGENT URBAN TRAFFIC&ENVIRONMENT OPERATIONS (IUTEO)

Data Database. Modelling
Acquisition and Analysis Platform

Applications for

Real System Ny e
cal Syster Municipalities

é K%m§ Communications, Sensing & Surveillance, Information & Control

Figure 1. IUTEO framework

The framework’s conceptual modelling is being acplished
through an innovative Domain Specific Modelling lgaage for
Systems Engineering, the OMG SysML™ | The Systems
Modeling Language [9], an object-oriented modelliagguage
especially designed to model complex systems ma8gstems

of Systems. The main objective of Object-Orienteddilling
(OOM) is the development of models based on realdvo
concepts. By applying OOM to systems developmentcare
achieve characteristics like modularity (abilitysee real world
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entities as objects with their own identity, enedatng sate
and behaviour, and that can be arranged in separatielles
serving a specific purpose but communicating welkheother

to produce the system’s overall behaviour), reudigk{ability

to reuse a module/component in new models) andetidity
(ability to extend a model when system functiores expanded)
and consequently, we can get a modular, adaptabte a
maintainable framework. The widely adoptede facto
modelling language for OOM is the general purp@seliage
UML (The Unified Modeling Language) [10], a
software-centric language adopted by the OMG (Qbjec
Management Group), in 1997, as the standard largtiag
object-oriented analysis and design. Since engimgaystems
are made of hardware, software, data, personnglitiess and
processes, the SysML language overcomes some UML
limitations and is more appropriated to tackle thisdelling
task. Furthermore, it is a relatively “new” langea@dopted by
the OMG in 2006 with a first version available i80Z) and its
application to this system will be innovative. Bgia flexible
language with extension capabilities (via stereesypand
profiles), it is also planned to add some extersi@nd
customize SysML to cope with some particular fesguof the
domain like, for example, geographical data.

The SysML diagrams are being developed with thasant
Studio® tool. The Figure 2 depicts one of thosegdians (a
package diagram) that shows the IUTEO framework’s
high-level architecture comprising a set of submyspackages
that represent its main modules. The dashed arcowsspond

to dependency relations.

pkg [Package] IUTEO_Mainarchitectfe

Real System Data Acquisiton Database_Modeling_Analysis Platform

C Applications_Municipalities

<~

Figure 2. SysML package diagram for the IUTEO framework

The framework encloses five main subsystems (cooreting

to the packages depicted in Figure 2), namely:

i) Real System- the actual urban transport network, its related
traffic operations and environmental impacts;

ii) Data Acquisition-the means to attain data from the
different sources of the real system in order tedf¢he
database, modelling and analysis platform; inclutfese
modules: Online (a critical module for ITS operasocand
responsible to gather the data needed in real-likee
incidents, traffic volumes, road works, weather ditians;
this data will be collected mainly via mobile sers3p
Offline (collects data not required in real-timack as
digital maps, Census statistics, network invengriand
Feedback (collects the information provided by the
citizens);

iii) Database, Modeling and Analysis Platform - the core piece
of the framework including a Geographical Inforroati
System for  Transportation (GIS-T), a traffic
microsimulation tool and a set of environmental atip
models; other tools can be added as needed;

iv) Applications for Municipalities- a set of applications for
local governors to achieve IUTEO, including threedules:
Knowledge (gives information to the authorities abthe
network’s infrastructure and assets, and
traffic & environment  key performance indicators),
Action (provides tools to manage the network and to
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simulate different schemes, evaluating their emrrental
performance) and Public (displays information toe th
citizens through the web and provides support fagirt
involvement in the municipality decisions);

v) Communications, Sensing & Surveillance, Information &
Control - a traversal subsystem that represents the plysic
support of ITS and includes, for example, GPS, @ans
wireless communications, mobile devices.

The integrated telegeoprocessing system describdus work

is one of the parts belonging to the IUTEO framéwand

traverses all of its subsystems, acquiring traffienvironment

data from the real system, storing it in a GIS-Tappropriate
analysis and decision-making,
information to the public through a WebGIS applimat The

ITS support, that is the communications, the sensé

surveillance mechanisms, and the information & nt

systems are spread throughout the framework’s egijins.

3. GPS/GISINTEGRATION

The urban transportation system is mainly charizedr by
static and dynamic spatial attributes like, for rmpée, traffic
signals for a given intersection, type of pavemienta given
road section, traffic counts from a specific roafreent or
travel delays from a particular route, which cannuog
adequately explored by conventional databases [hld GIS
environment, the geographic data can be propenyedt
managed, analyzed, and displayed. The GIS addshé¢o t
traditional Database Management Systems (DBMS) atiadp
referencing mechanism (geo referencing) which easabl
powerful analytical and geo-visualization capaileitit [12].
Furthermore, its integrative capabilities are nkabanging
from the integration of information from differersystems
(e.g. land-use system and transportation system) the
integration of different themes from the same sttbje.g. road
base-network, road inventory, traffic operatioqssing by the
integration of data from different sources and esyl
(e.g. databases, census files, picture files, G&& points) at
different resolutions (e.g. intersection, segménatffic analysis
zones).

The application of GIS in transportation problensged from
the 1960s and is typically referred by the acroryI8-T [13].
The network data model underlying GIS-T is the nsipport
of most transportation analysis, and is particyladited to deal
with ITS applications like, for example, vehiclecétion and
routing, collision warning and guidance, and adeahdrip
planning systems [14]. Nevertheless, and as [18fest ITS
bring new challenges to GIS-T regarding network
representation, unambiguous communications, intiegraof
new technologies, interoperability, analysis andnatgic
modelling.

The spatial data acquisition and integration hantmne of the
topics with intense research in the last few ye@ate major
advances in GPS and wireless communications tegbiesl
and the growing need of real-time information fateiligent
traffic impel the continuous developments in thigaa The
mobile computing devices like PDAs and the Web-8a8¢S
applications are examples of modern tools (Inteemeibled)
which illustrate the contemporary global connetjiveand the
potential of distributed computing to facilitatetalacquisition
and information access [12].

The integration of GPS and GIS has been discussed a
reported in several recent studies as, for exanjpld, [15],
[16], and [17]. The association of remote sensisgatial
databases (GIS), GPS and telecommunication systersder
to support real-time decision-making, form a newcifiline
known astelegeoprocessing [16]. Its application in the ITS field
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is very promising and has already been demonsttredigh
several piecewise applications, mainly for locatéord routing,
and for congestion, travel time and speed manageshaties.
The use of GPS to collect traffic data is beingdglty used in
vehicle techniques which are not infrastructureedelent, have
higher levels of coverage, resolution and accurany, are less
expensive to install and maintain [15], as oppo®edoadside
techniques, like loop detectors, infrared senso@ased-circuit
television cameras. The satellites that orbit thetiEavailable
to broadcast signals to GPS receivers are nowythime [17].
The GPS/GIS integrated system procedure is gepehalsame
for all the cases. A GPS-equipped vehicle (proliecle) driven
in a traffic stream “gets” data from road and i@ffonditions,
as well as vehicle performance parameters, the data
telecommunicated (online or offline) to a Traffio@rol Center
where it is transformed with map-matching, datauotidn and
data processing procedures, and is reported.

The data that can be collected by a probe vehicleroad and
diverse. Besides time-tagged positioning data t@idé and
longitude pairs), speed and direction of travelogmed by
differential GPS), the vehicle can supply on-boengine data
like, for example, fuel consumption, engine revioln$, and
gear, and when equipped with appropriate mobilécgsv(and
related applications) the probe can be used toy caut road
inventories and to transmit network occurrencees€hdata is
the base to derive several traffic performance oresslike
travel time, delay and congestion index [11]. Femthore, the
vehicle pollutant emissions can be estimated or alan be
measured in order to compute traffic-related emvitental
impacts. This new research area of instantaneoafictr
emissions modeling [18] can take significant gdirsn this
mobile data acquisition approach.

The main advantages of GPS/GIS integration incltide
capacity to collect, every second and from anywhar¢he
urban network, positional and other traffic dataialhcan be
stored automatically and used in real-time openati@and the
ability to display this spatial data in a GIS eoviment for ease
analysis, and integration with other relevant dafj. The main
disadvantages, which tend to be overcome in thefeexyears
with  the recurrent advances in computing and
telecommunications technologies, consist of enosremount
of data to process, data transaction costs (fol-tirea
observations), and data bias [17].

Although the widespread use of these technologiesyehicle
probe technology and its integration with GIS idll san
emerging research field, calling for comprehensitedies and
real-world applications which can prove its adeguamnd
usefulness. In addition, there are relatively fewdges showing
the integrative utilization of the traffic & envinment data from
the GPS-equipped vehicle to the final user (thdipylpassing
through the GIS. The utilization of mobile compgtidevices
like PDAs to enhance the traffic & environment datguisition
systems has not also been reported in many stuttiesnpson
documents well one of these cases [19] but heesys$ not
able to respond in real-time.

In this context, this work aims to contribute te tihevelopment
of Telegeoprocessing providing prototypes for GRS/G
integration with a PDA application, in order to anke
real-time data acquisition and diffusion. This greted system
is a “piece” of the IUTEO framework and is beingveleped
and tested with some interested stakeholders (npatities and
general public) to be used in real-world environtaerThe
system also aims to contribute to the developménT$ by
improving Advanced Traffic Management Systems (ATMS
and Advanced Traveller Information Systems (ATI®ypugh
real-time data acquisition methods, as well asrtegration of
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that data in a GIS environment, enabling well-infed
traffic & environment decision-making and the disg®ation of
relevant and attractive information to the pubfis.an ultimate
goal, the work aspires to give some contributianshe global
and complex challenge of sustainable urban traféiovorks,
providing essential information to analyze the emwvinental
impacts of traffic and a set of fundamental toasstupport
scenarios evaluation and decision-making.

4. THEINTEGRATED TELEGEOPROCESSING
GPS/PDA/GIS SYSTEM

The integrated telegeoprocessing system’s protetyazewell as
the corresponding IUTEO framework subsystems, apgcted
in Figure 3.

Prototypes IUTEO framework
e N _ _______________ \ P ——— \
1 GPS-equipped | | |
1 probe vehicle  Bluetooth : | :
i &,’ | PDA ! i — !
1 £ 0N = |
! =s>z-‘o 9 & : ! System :
: — . : 1
0w ! |
s 2inl =
1 H 1 Data !
: | : Acquisition |
1 é B e i ' |
Lo Internet. ! !
E é @ B | i |
! : ! Communications, :
: | : Sens. &Surv,Info& Control I
\ Mobile system ) \ /

Database, Modelling
and Analysis Platform

Communications,
GeoModelling & Sens.&Surv,Info& Control
Analysis system ,

____________________

\
! 1
1

1
! 1
1 5 WebGIS 1

1
1

1
1

1
1

1
1

1
1

1
! 1
1

!

Applications for
unicipalities

o

Communications,
Sens.&Surv,Info& Control

= ’

Figure 3. GPS/PDA/GIS Prototypes for IUTEO

The integrated system includes a “Mobile systenstqtype for
traffic data acquisition, a “GeoModelling & Analgssystem”
prototype to store and manipulate the collected dat GIS-T
environment, and a “Public Information system” ptgpe to
disseminate information to the public through a GEb
application. The first prototype is used to getadabm the real
system and to telecommunicate the data, in rea;tito the
Traffic Management Center. These functions fit fire Real
System and Data Acquisition subsystems from the IUTEO
framework. The second prototype consists of a gabdae, in
a GIS-T environment, to store, analyze and displey data
obtained from the mobile system. This GIS-T is pafrtthe
IUTEO Database, Modelling and Analysis Platform, along with
a traffic microsimulation tool and a set of envineental impact
models. This platform is the central part of trenfework being
the elected tool to perform scenarios analysisuraddmental
issue on policy decision-making.

The third one is a WebGIS application designed i&pldy
occurrences on the traffic network, in real-timebdlongs to the
Public module of the Applications for Municipalities
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subsystem. This module is in charge of engagingttdic into

the traffic & environment urban life. This can becamplished
through the dissemination of intelligible and atthee
information, appropriate treatment of suggestionsd a
comments, and active participation in the decigioocesses.
All the prototypes use and share elements from the
Communications, Sensing & Survelllance, Information &
Control subsystem, a traversal component which materglize
the “intelligent part” of ITS, encompassing thetteologies, the
devices, the hardware components, and the software
applications which support the integrated protosype

The prototypes are part of the IUTEO framework’sdeiting
process, and they provide a contextual frameworfotos the
discussion, acting as “working models” to demoristra
concepts, try out design options, corroborate amploee
systems requirements, and to communicate with tffereht
stakeholders. According to [20], these prototypemn de
classified as evolutionary since they are beingiteely refined
with end-users until the final solution is achieved

TheMobile System Prototype

The “Mobile system” prototype is dedicated to cclldata from
the urban road network and to telecommunicata iteal-time,
to the traffic centre. The prototype involves tlédwing main
components: i) a GPS-equipped vehicle, ii) a Gl&atem for
Mobile Communication (GSM)/General Packet Radioviger
(GPRS) wireless system, iii) a PDA with an apglaa for
road inventory and occurrences registry, and VP&
application to receive the PDA messages. It requia¢ least,
two persons to operate the system (one for thegovehicle and
another for the traffic centre).

The GPS-equipped vehide and the communications The
hardware of the probe vehicle used to collect dattudes a
HP® iPAQ PDA and the XF55Tri-Band GSM/GPRS & 12
Channel GPS Receiver, from Falconi, connected to the
vehicle’'s engine. This device incorporates a GPE&eiver
module and a GSM/GPRS module. The connectivity &len
through a board-to-board connector, enabling theraation
with the PDA. The communication between the XF55
equipment (master) and the PDA (slave) is formélibg the
Bluetooth wireless protocol. Bluetooth makes lowstcand low
power consumption in the communication between aievi
possible, within a range of approximately 100 neeter
The XF55 “System Start” process is characterized thy
registry on the GSM network, the initialization thfe GPRS
operation mode, and the registry on the Interneduijh the
GPRS Gateway, getting an IP connection (stack TP/
Furthermore, it initializes the Alarm Handler ariee tThreads
responsible for the information exchange betweere th
equipment, the PDA, and the server, and the Threebarge of
the reception of the GPS coordinates, transmitting data
through the NMEA (National Marine Electronics Asktion)
protocol. The type of message used was the GLL gfzphic
Position - Latitude/Longitude) (Figure 4). It weralso
developed several NMEA non standard proprietarysamgss to
accommodate the needs of the PDA application.
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GLL Geographic Position — Latitude/Longitude

1 23 4

(3
| I I I
$--GLL,1111.11,a,yvVyvVy.¥y,a,hhmmss.ss, A

— w

7
I
*hh

Latitude

N or S (North or South)

T.ongitude

E or W (East or West)

Time (UTC)

Status A - Data Valid, V - Data Invalid
Checksum

~ o U1l W b

Figure4. GLL message from NMEA protocol

Presently, the equipment only collects time-tagpgesitioning
data but, the prototype is being developed to eectn-board
engine data like, for example, speed, fuel consiompengine
temperature, gear, pollutant emissions. This in&dirom will be
valuable to compute and evaluate traffic-relatedrenmental
impacts.

The PDA application: The application for the PDA,
equipped with the Windows Mobile 6 operating systemas
developed using the .NET Compact Framework and ddif®
Visual Studio 2005, enabling the development ofliappons
for mobile devices using existent Application Paygming
Interfaces. It was also used the Micro8c8QL Server 2005
Mobile Edition to develop the database for thislipgion (a
table to store the GPS data from the GLL messaggsadable
related with the messages sent to the PC applimatio
The PDA application intends to be used by the nipaic
technician, in the probe vehicle, to collect roadentories and
network occurrences. The road inventory data isi@eded in
real-time so, this data is loaded during the dapugh the
application and downloaded to the PC, at the fioflthe
working period, to be further processed in the GIe
real-time data (network occurrences) like accidertsgestion,
road works, pavement conditions, is of critical arance for
ITS operations, and can be loaded through the egifn and
transmitted in real-time to the traffic centre, \E8M/GPRS.
The Figure 5 depicts a SysML use case diagram thghuse
cases for the main menu of the PDA applicationthia right
side of the same figure are shown the interfacgdeimented in
the device.

uc PDA_Main men|

—— «incluge$  Vehide T —
“\_—>"_Identification / —_— O~ O
. Wne l l l
~ Q User name) e) 8 | Q

\ru:hfde 4

POA user v Nework O (_ Password ) el — [ ocamenes | 1
\_ Inventory / — -
— f P
\ Logout )

— @ = B w

Figure 5. PC application (running mode)

The application is easy to use and depicts intigind attractive
interfaces (Figure 6), taking into account Humanm@ater
Interaction and interface design principles to echi
fundamental usability requirements.

ISSN: 1690-4524

SYSTEMICS, CYBERNETICS AND INFORMATICS

‘g Vehicle Accident:

Cause:
Type of Vehicle:

Vehicles Involved
Deaths b 1]
Moderate Injuries: [§[]]
Serious Injuries:
[ only Car Damage

[ Lane Clasure.

Expected Duration (min):

Vehicles Involved: [T
Deaths
Moderate Injuries: [o_[~[+]
Serious Injuries: “HH =
og0ut Sobmi

7 - T Al ok
f E Constructlon

| work Description:
| [insert Deseription
StartDate: | monday ,  Junev|

[|Lane Closure|

Expected buration (mny [ ]

Day Peryod:

Figure 6. PDA Application Interfaces (examples)

This application displays predefined lists, in d®l with

selection option, to facilitate the reporting taBlarthermore, it
interacts with the user giving feedback informatamn missing
data or submission status. It is also possibleke pictures of
some occurrences to enrich the database. Thiscafiph is

being further developed to accommodate the insedfeassets
and occurrences through a map of the corresporzea

The PC application: The PC application manages the
connection between the mobile system (XF55 and Piw)the
traffic centre, receiving and sending messages,samiihg the
received information in a SQL database (Micros@._SServer
2005). The application, developed with .NET and udis
Studio, is used to select a TCP/IP Port, and ta, sttop, stand
by, and restart the NMEA messages’ reception.sio alerifies
the message’s validity, sending a confirmationhi® ¢lient, and
translates the received messages to the approfigkte of the
database. The information stored in the SQL datalsadirectly
mapped into the geodatabase. Being an applicatitm litle
interaction with the user, its design is very sienphnd
minimalist (Figure 7).

£ SIG Server [ (=13
TCP Port
Suspend Server Stop Server

7500

=» Server Initialized.

—= Starting server.. oone.

—» Waiting for Client Connections.

== New Client Connection Accepted. CW1E?’|C ID =0.

—» New Message Receiwved From Client ID

—-» $PSIGG,001,080405,180024, 1234 12 Ny 93755 13,754

—= Message SEHG o CWIEHC ID =

—» $PSIGK, 000,001, "6t

== New MESSaGE RECE'\\/EG From Client ID = 0 :

—-= $PSIGI,002,02,06, %

—= Message SEHG o CWIEHC ID=0:

=-> $PSIGK, 000,002, *&C

Figure7. PC application (running mode)
This mobile data acquisition system intends to belatively

low-priced solution, with low-cost components arahstantly
cut-price wireless communications.
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The G1S Geodatabase Schema Prototype

The central part of the IUTEO framework is a GISKS. base
structure is a relational geodatabase, includibipta fields, and
relationships between tables. The geodatabase sclsebeing

implemented in ArcGI%9.2, from ESRI. Its development was

object-oriented (OO) and was formalized throughUWh&L (the

OO model can be exported to the ArcGIS relatiomamft).

The geographical data, in raster or vector formsatrganized in
a set of overlaid thematic layers which corresptimdifferent
characteristics of a given geographical area.

The prototype for the geodatabase schema, impletheint
ArcCatalog (the tool to manage data and create datty is
depicted in the left side of the Figure 8. The tayeonsidered

are the following: reference map, linear refereggin

socioeconomic and land-use, road infrastructure assets,
traffic operations, and environmental impacts. Eheare
additional tables to accommodate the real-time weoges.
The software enables the creation of thematic niap&i,cMap,
where a digital map of the road network is usedisplay the
relevant data for a given subject (right side @fufe 8).

= 9 1UETM_Prototyps T
@ Environmentallmpacts
L)l LinearReferencing

= &4 ReferenceMap

Axes_TestArea
21 Junctions_Testarea
Routes_TestArea
E1 Topology_UTNetwork
= 2} RoadinfrastrucAssets
Parkingdreas
[ Sians
=1 SocioFronLandUse
Bulldings_Testarea
24 Trafficoperations
Critical_Pavement
Parkings

# i Photo_Testarea
Planned_activities
Road_accidents
Traffic_Flow
Weather

e ESt View Insert Selection Took Window Help
& F W AQETOPes Ea ko
DEES& 8 X |0 | |[er AL 1=l AT

/\\E\

Figure 8. Geodatabase schema and a map

A GIS-T is the perfect tool to store, analyze, wige, and
integrate spatial and non-spatial data, allowirggittentification
of critical geographical patterns and relationships road
network analysis and decision-making.

TheWebGI S Application Prototype

The WebGIS application, developed with Visual Studind
ArcGIS (ArcMap, ArcCatalog and ArcGIS Server), ised to
display real-time information on traffic & enviroremt via
thematic maps on the web.

The application, still in an early stage of develgmt, uses
adequate symbols to depict the occurrences, repdyethe
PDA and stored at the GIS, on the correspondinatioa at the
urban road network. The application enables thectieh of the
visible information, offers common navigational f®dke pan,
zoom in/out, return to previous map selection, pisrnthe
measurement of distances between points, and allihwes
visualization of additional information about a eiv point or
event.

The integrated utilization of the described propety is being
already tested in real urban scenarios. The Figwshows one
of these tests, illustrating the report of a delgtlow symbol),
by the PDA operator, in a given road section. Téfe dide of
the window exhibits the “Map Contents” tree whesepossible
to select the visible layers and saw the correspgnk:gend.
The current visible layers include the occurrenagsorted by
the PDA. In the future, this WebGIS application Ivéhclose
more relevant traffic information and traffic-reddt
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environmental impacts for a selected area, likepaitution,
energy consumption, and noise levels.

Figure 9. WebGIS application menus and maps

This application characterizes the total integratiof the
prototypes, displaying in real-time, and to evemeyomith an
Internet connection, the information collected witlhe
GPS/PDA system and stored at the GIS.

5. CONCLUSIONS

This paper described an integrated GPS/PDA/GIS
telegeoprocessing system for Intelligent Urban
Traffic & Environment Operations. This Telegeoprssiag
system enables the real-time acquisition of traffata and its
diffusion through a WebGIS application. The reaidi data
acquisition, the storage of all relevant informatia a GIS, the
utilization of appropriate modelling and analyssls, and the
public information and involvement, are elements vital
importance to successful ITS operations.

The proposed system offers the opportunity to effsetively
expand traffic & environment data collection coyggabeing a
promising tool to medium-size municipalities, usyal
characterized by severe budget constraints.

The prototypes are being refined and tested in-weald
contexts. Some further research issues includatagration of
traffic simulation models and environmental impawidels, to
add analysis capabilities to the system and to ipeovnore
relevant information to the citizens. It is alsanhed to expand
the potentialities of the WebGIS application to aoenodate
the placing of public suggestions and to facilitatdaborative
decision-making processes.

The GPS/GIS integration is one of the most prontimeeas of
research in the ITS field.
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