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ABSTRACT

An efficient use of ITS resources depends on the information and conationsc
architecture that enables the optimal use of technology, infematnd, increasingly,
services, available across the variety of ITS applica@mussystems. This is especially true
for quality of service requirements, namely availability.

The current article focuses on architectural concerns in thelagewent and deployment of
the VMS operation component of Traffic Atlas. This componentdssscutting in regards to
the multi-layer service oriented architecture of Traffita8; in order to simplify our approach
a VMS-centric approach is taken at each layer.
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1. INTRODUCTION

The rapid evolution of technologies, competitive market and lactantlardization has given
rise to the creation of products which generally prohibit the iategr of legacy systems
without significant reengineering [1]. Because of this, thBous systems which together
provide overall traffic and toll plaza management are ndynoglerated independently from
dedicated workstations. This however inhibits the operator's deemsaking abilities,
especially in real time situations, impacting on the emndclevel provided.

In their development of Traffic Atlas, Brisa launched a proedssreby data from disparate
systems is collected, harmonised, aggregated and enhancedmtaa femgle, optimised
interface. The innovative aspect of Traffic Atlas liesachievement of the real time
integration of fragmented data streams sourced from fundamerd#igring systems
possessing varied operational functionalities. The challengédneightened by the diversity
of these systems in functionality, application (including CCGEvheras, emergency systems,
weather stations and toll plaza management systems) and tggnerdhe Traffic Atlas
system represents a novel application of various ICTs (idton and communication
technologies) which build a common platform middleware from whigh ttansmission,
receipt and recording of data, voice and video information is irtesyi@nd displayed in a
standard format on a map-based user interface.



2. THE TRAFFIC ATLAS SOFTWARE PRODUCT LINE

Brisa Auto-Estradas de Portugal, founded in 1972, is the taf@duguese motorway
operator and an important player in the traffic sector in Europsa Burrently operates, on a
concession basis, a network of 11 motorways constituting the maimgBese road links,
connecting the country from north to south and from east to west. Taleldagth of
motorways in the network is more than 1100km. Brisa owns various odgspspecialising
in motorway services aimed towards increasing in its own tipgrefficiency and improving
the quality of the service provided to customers. The compakiyoiwn internationally for
the deployment of the automatic pass-through toll systems.

Traffic Atlas, shortly named “Atlas”, is a web-based prodwct rhotorway operation and
management. It's designed for use in a wide area of operalmied environments. It has
been developed by Brisa for internal usage and is currently timewogking tool for Brisa’s
control room (operations and tolling), maintenance teams, operaaoagers, external law
forces and call-center.

The central design in Atlas has been that of a software prtidactSoftware product lines
are set to create a managed set of components meetinghdralgequirements of a market
segment, instead of developing a customer-centric applicatiogs.dEsign enables Atlas to
easily adapt to new requirements and configuring solutions for alitfedeployment
scenarios. Support for a different CCTV product or integrating va kiad of road-side
equipment is easily achieved in Atlas due to the pervasive usfatyeo essential design-
patterns: Provider/Adapter and Observer [2]. The Providerrpagteised where Atlas should
not be bound to a specific external system type; examplePraxéders for video-walls,
CCTV or Variable Message Signs (VMS). It works basichiiydefining an interface that all
providers must follow and, by means of a configuration point, thealgrtovider is
designated for each element. The Observer pattern is fasetkcoupling cross-cutting
actions from operational code. This patterns works by definingvant @vhich is triggered
throughout the code, then handlers for this event are registestddeimg a specific task,
some logging actions or alarms to database others to clibrgstate of a particular
equipment or generate a human alert. The events defined by thass are available for
future usage for extensions and don’t require changes to existingWedare also using a
Hook Operations [3] design-pattern when the action taken outside theod® has to return
an effect to the original code (namely when validations ageined). A more generic
approach could be obtained using aspect oriented programming [4]. QuddPrdesign-
pattern approach is consistent with the higher-level of multirlagevice orientation in Atlas.
Typically for each Atlas component there is a web serViaéis available for the use of the
interface, internally this service is composed of distitath-access and logic layers and may
also consume an external service by means of a provider.

The Atlas interface is fully web-based in order to avoid thel feeother client-side software
other than a standard web-browser. This feature simplifies dapltityof new versions as
well as makes it simpler to provide redundancy and fault-tolerakdditionally, in order to

achieve a richer and more responsive client interface witremuiinng specialized client
software, Atlas is making an increasing use of Ajax (Asynchrodauascript And XML).

When compared with most ITS interface clients (which are liak®d) Atlas has a different
approach for its’ mapping interface. Instead of basic geograpaps,mitlas also provides
cognitive mapping [5] which are schematic representations mio#rway network. The

schematic nature of such representations makes it easy toecager attention to specific
road-elements, incidences or equipment. Due to its’ simple gfeiomature, this approach is



also more appropriate for implementation as a web-based imtetfen a GIS based
approach.

3. TRAFFIC ATLAS SERVICES

In Atlas, each type of road-element, incidence and equipmergseaged in the mapping
interface has its’ own information and management interfaaeh Bf these maps onto a
different Atlas service component (already mentioned regarttieg service orientated
architecture). Currently Atlas is composed of the followiageanodules: Cognitive Mapping
for interface; Atlas.CCTV; Atlas.VMS; Atlas.Weathektlas.Tunnel; Atlas.Traffic Counter.
A different set of Atlas modules offers cross-cutting functidyahat is available in context
for the core modules: User access control; CAD (enables onliimgedif motorway
elements); Logging (stores historic data for business irgeltig processing); News service
(delivers multi-channel notifications and manages subscriptidMidgo-wall management;
Personal video-wall; Video-server (recording and storage); ©mead management matrix
(for communication channels management). Atlas also displaydeime®s obtained and
managed in an incidence management provider. This provider affermation from and
interaction with incidences (any kind of occurrence on the motoresag)assistance forces
and vehicles.

4. THE ITSIBUS ARCHITECTURE

ITSIBus - Intelligent Transportation Systems Interoperabilitis BS] is a Service-Oriented
Architecture originally developed in ISEL (Instituto Superior degé&hharia de Lisboa). Its
main motivation is to facilitate integrated solutions by defyna technologically independent,
open standard, of an architecture that focuses on systehseevices.

Brisa’s toll plazas are managed by a solution that was devetmpedding to ITSIBus and is
in production since 2004. The elected technological binding for this gredas the Java

framework, using Jini for the service-oriented implementation

5. TELEMATIC MANAGEMENT SYSTEM

Telematic Management System (TMS) is the Traffic @\tkolution for the operational
management of different types of telematic equipments. The oigective was to evolve
from having heterogeneous and monolithic systems, unconnected arar@imdwwach other,
to a comprehensive and integrated solution, based on open stataarish developers and
vendors can seamlessly contribute. The whole system was deVveloperding to ITSIBus
(open) standards, and currently is managing the entire set @'sBngtwork of VMS

equipments, weather stations and other equipments already in the (wiste incidence

detection agents, etc.).

Physical devices are integrated in the ITSIBus architedhnaugh the use of adapters —
software components which abstract the details of the devioaisnanication mechanism
and are an ITSIBus service in their full right. These adstee also a concretization of the
Adapter design pattern seen in [2]. Adapters are developededch particular VMS
model/vendor. An adapter represents a VMS in the system, prgvtdifunctionality through
a service; while originally, this functionality would only beadable as a proprietary (lower
level) protocol.



The VMSs (in the form of their adapters) are managed by enietics Management Server
which constitutes the main orchestrator of the entire sysf@ocessing requests from
external systems and performing management and maintenanaéar®eon the VMSs. The

first approach towards the TMS architecture included an instree adapter for each VMS,

running in dedicated hardware located on the field, nedr ésiS.
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Diagram 1: Initial TMS Architecture

With the objective of lowering deployment and maintenance cagdpiers running near each
VMS were moved to a central location inside TMS by virtuéitimaas a pool of the adapters
for on-demand usage. The adapters run within the TMS Server cantéx¢very time there
is a need to communicate with a VMS, an adapter is obtdined the pool and properly
configured to establish a connection with the VMS.

Nevertheless, in case a particular VMS solution doesn’t suppatwaorked communications
channel for its interaction protocol, the local adapter solutionccexist in TMS with this
centralized adapter pool solution.

Shifting our view from VMSs to the central system, the enfiMS system is a distributed
application comprised of several sub-systems. Bellow is a stlenepresentation of the
entire system:
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Diagram 2: Current TMS Architecture

As stated before, thEMS Server is responsible for managing several VMSs, implementing
the lower level business logic and processing operational regfrest other systems. It
contains a pool of VMS adapters that provide communications witkiqaiy/MSs.



Amongst other things, the Server is responsible for detecting bd8nt changes; placing
default messages in a VMS; periodically adjusting the VM®&srnal clock; monitoring
hardware alarms.

The TMS WS component provides the ITSIBus TMS service functionalities through W
Services. It is a gateway that non-ITSIBus systems cartouisgeract with the TMS. Note,
however, that the TMS WS communicates with the TMS throughBIOsS with all the
inherent advantages (service location, redundancy, etc).

The TMS Server starts without absolutely any knowledge abouVkhgs present in the
network. One could find all the VMSs through an auto-discovery psp@s defined in the
ITSIBus standard, if the adapters were standalone serviceevdovsince the adapter pool
approach had obvious advantages in this particular scenaridM@ Registry was
implemented with the purpose of supplying information about the VMSlied in the
network. It is inquired as part of the VMS Server start-upc@ss, supplying it with
information about every VMS, such as: IP Address, Port Numbeauléfontent Message,
Topology and Supplier (to choose the correct adapter implementaticsrder allow adding
new VMSs during TMS runtime, when there is a request regardiy!l& which is yet
unknown, TMS inquires the Registry to obtain the new deviaslget

The Alarm System, available through Web Services, allows the delivery andicaiton of
Alarms and Events generated by TMS. The processing and atpiicof higher-level
business rules in response to an event or alarm is handled Iliig Atifs alarm module. A
Java based JMX monitoring platform will be introduced in futureSTrsions to allow for a
more integrated and open solution in regards to the ITSiBuslard.

Given the architecture presented this far we can seétratis no significant impediment for
having several TMS Server instances running at the samediraatually each managing a
different set of panels. But what about having more than oneiSeistance managing the
same set of panels, for redundancy purposes? This is also a eassdblario with no
drawbacks other than the fact that each instance would be niagpitioe whole set of VMS,
causing unnecessary network traffic since they would be doingtegpeork.

To address this issue tHeMS Broker was conceived. The Broker provides a lease to a
Server, allowing it to be monitoring the VMSs. The firstv@erto get the lease is responsible
for monitoring, while subsequent Server instances are deniedabe [Thus, only one Server
can be monitoring at a given time. This Server must peritbglicenew the lease, otherwise
(ex. if the server goes down) it becomes available agasnpply to another Server.

6. VARIABLE MESSAGE SIGNS SUPPORT IN TRAFFIC ATLAS

Atlas works as an intelligence layer over the VMS. It saleflat panel and turns it into a
powerful operational tool by giving the VMS extended functionalitiesh in the operational

and maintenance fields. One of the purposes of the Atlas ViMdigence layer is to be pro-
activate by providing suggestions for the most effective ngesaacording to real-time traffic
and weather situations. During normal VMS operation severabnact(ex. messages
signalled, namely human or automatic), alarms and states,do provide for auditing and
business analysis every single status and action taken is |@ggjad the observer design-
pattern from the Atlas framework already presented in segjiolaking use of the provider
design-pattern implementation, also presented back in sectiand2a modular interface,
different types (models/vendors) of VMS can be operated, nradctaand provide for



analysis with Atlas. To achieve this, besides a cliemrfiate for manual VMS interaction,
several layers of applications and services where create

In order for the Atlas VMS interface to be user-friendly and aggnmnteractions it centres on
an editable display (depending on state and permissions) of the Std® information is
presented when appropriate (ex.: the VMS is not reachable duaintenance). A near-by
CCTV with coverage of the VMS is available for visual gation if required (usually for
maintenance purposes). CCTV access is one of a set of fualitieenthat are at a distance of
one click: erasing the current message (sets the defaulagegssccessing the most used
messages for the current VMS or a set of context-based fwnedlemessages; even
navigating to other VMS (a list is always present). Foedrdation with the incidence
management platform that accompanies Atlas, or for using oextoot alerts regarding
dynamic context changes (namely weather), a message soggeserface extends the
normal interface. This interface provides the operator with essage suggestion with
computed distance indications and context based text obtained frombaseld system. The
rule based system is quite simple and uses a set of parafiketénsidence typification and
location (relative to the VMS). For periodic automated taskatedlwith VMS, namely a
screen-saver that changes the position of the current timeydigplaactive VMSs, Atlas
uses an agent implemented as a Windows Service. This agalsbisesponsible for the
pooling of VMS providers that aren’t synchronous (which isn’'t the cdsTMS) and for the
evaluation of context conditions that may trigger messaggestion alerts (incidence and
weather related).

Alarm information is available in real-time from TMS the Alarm System Web Service.
This service uses an event system (observer design-pattéaketactions on the alarms; one
of the actions is generic and persists this information for fukfierance. Atlas also offers
interfaces for auditing actions and alarm status (and histohgserl are generic interfaces
Atlas also provides for other times of equipments (like CCTXspecific history interface is
available only for the VMS component in Atlas in order to provid=ess to the full history
of messages present at a particular VMS (or set of VMSSs)

As equipments are deployed to the field (and sometimes remétlad)had a requirement of
enabling real-time addition and edition of VMS equipment. This is daoeigh a CAD like
interface which is simple enough for non-specialized usage. Thkidace enables mapping
the positioning of a VMS in the infrastructure as well as edithey VMS configuration
parameters (addresses, model/vender for adapter selection-tne, etc.). This enables
testing VMSs right after these are deployed in the field

7. AMULTIPLATFORM, HIGHLY AVAILABLE ARCHITECTURE

Prior to the integration of TMS in the Traffic Atlas deploythet Brisa, other VMS
management software was used. This provided no service feegtation with Atlas and
had serious availability and reliability issues. TMS waesated to overcome these limitations,
the ITSIBus reference architecture was chosen for its progsults in Brisa’s tolling
implementation and because ITSIBus matched the requirements af/M&integration and
integration with Traffic Atlas.

! Integration for these systems had to be donewatdwels, namely at the Data layer via databaggérs and
table monitorization.



7.1 Architecture overview

TMS exposes VMS functionality as a Web Service which is consioydbe Atlas service

layer. Atlas provides for the service dependencies of TM8)ely a VMS registry interface
and an Alarm handler. The following scheme presents theseatiteagpoints as well as more
detailed system architectures for Atlas and TMS:

Diagram 3: Traffic Atlas systems architecture

Atlas’ own internal architecture was described in gengrabitck in section 2. The previous
scheme detalils this architecture for the VMS component. Thebasdd interface consumes a
business logic service layer offered by a Web Servicantffted by VMS in the Atlas Web
Services container box); this Web Service is also used by Mt Agent as it also needs to
make usage of business logic functionalities. Other serdts® based on this logic may use
the functionalities already exposed by the VMS Web Servicesatenew Web Services, one
case is a GIS synoptic system used for video-wall display (8DW@ptic). Additionally the
VMS Registry and TMS Alarm Handler both use the servicerlajpectly as both are
exposing additional VMS related functionality. The TMS systeohitecture has already
been detailed in section 5. A determining design choice for TM8hmmabled the high-
redundant deployment architecture described next was that 3M& state full and doesn’t
depend on a persistence store, like Atlas does.

7.2 Deployment architecture

The system architectures of both Atlas and TMS we the enabiless high-redundancy
deployment architecture based on hardware network balancing compadkduiiteonally, as
TMS is implemented in Java, deployment of TMS can be done treliff operating systems,
namely Windows and Linux. The deployment in Brisa has two sepagital servers, one
where the Atlas application runs and another server for th® $&tvice. For this deployment
it was required that when Atlas might be unavailable the TMS8itoring service would be
stopped and thus VMS would turn off (after some minutes without beingd)pwidicating a
malfunction. This way the TMS Broker component was deployé¢eirsame server as Atlas.



Each logical server is duplicated in two physical serverse(tiired, more could be added),
the scheme below presents the four resulting servers along witietierk load balancer
components that enable redundancy (these are explained imletaitenext).

Diagram 4: Deployment architecture in Brisa

Atlas is active in both web-application servers and invokes Tiv&igh means of a network
load balancer (NLB #3). Network load balancers have two maites)of operation. One of
the modes redirects requests received to a set of redundaessghich share the total load,
this is the case of requests to the TMS Web Service (w2#B) and to Atlas (NLB#1). As
the TMS Service is stateless by design and requires no pacaEsitore, all running instances
are available to service Atlas requests but only one is ororgtthe VMS pool, the Broker
decides which. The identification of the monitoring servickeigt in memory by the Broker
(the & icon in the scheme). The TMS service instance resporigibieonitoring the VMS
pool is located irsrvcco010and represented with &% icon. In case of failure of thaicse
the Broker will service a request from a different sereertifie monitorization lease which
will be in charge of monitorization a few moments afterfiiled service actually failed.

The Broker could not become a single point of failure, so a second afiddLB operations
was required. In such mode an NLB element redirects requests fiost active service in an
ordered list of services; in case the first preferencddilasl the list is followed in search of a
working service provider, this is the case of the TMS Br&@@wice with NLB#2. This way
if a Broker service fails requests for leases (by non-mongarodes) and lease renewals (by
the monitoring node) are redirected to a second Broker instancer@o002 and,
depending on the order of the requests monitorization is stareedes node or is renewed
by the currently active monitorization node.

Additionally to supporting our high-availability architecture, both slsedof network load
balancing allow release deployment without affecting systeailadility (by deploying
separately at each node).

8. TESTING AND VALIDATION

TMS product development was accompanied by a testing approachdmasederal tests at
different levels. From the beginning unit tests were appliach ¢éesting a specific and small
system component for a particular functionality. A wider wstface was the focus of
functional and acceptance tests, following all of the moneifgignt development stages. In



scenarios where both types of tests had to involve moreott@WMS, a simulator was used,
along with a real VMS unit.

Prior to deployment of TMS releases, another test approachakes. This approach was
composed of a set of certification tests following the functianeeptance test approach but
this time using only real VMS units. At this stage all lné release functional requirements
were validated. Non-functional requirements (or quality o¥vise requirements) were the
focus of stress tests.

Stress tests were designed to simulate in a short amounteo&tnumber of real operations.
This is done by an extreme increase in the regular frequéesg toperations have under
predicted or existing (for already deployed functionality) usagmastos. With this stress
approach longer periods of TMS activity (months to years) werelaied in lower units of
time (hours to days).

9. RELATED WORK

TMS is also suitable for managing other kinds of equipments dkizer VMS. Weather
stations are one kind of such telematics equipment. CCTV camgetdd be another,
although the current CCTV management architecture in Atlaamiaics is totally distributed
between client nodes and sensor nodes (that process the CCT\4 sagnats) and thus is not
part of TMS. Atlas’s distributed CCTV architecture won't be @ered in the following
comparisons as it would require a more elaborate presentatias thatof the scope of this
paper. Even though, works similar in architecture to TMS (witkeratralized approach) can
be found for CCTV camera networks. [7] presents a video sensor ndtwakich video
signal processing is done in a load-balanced environment. Thexenumber N of video
signal processing nodes among which Y video signals are distrilartguidcessing. In [7]
normal values for Y can be as large as 4 times N, as re@dh can process up to 4 video
signals. [7] focuses mainly on correlation processing betweeanatisensor sources in order
to track vehicles as they pass in different sensor rangespiduessing is done on a unigue
node, based on high level data resulting from the processing of indisghsor video signals
from the load-balanced signal processing nodes. [7] is clearlygant system requiring a
level of artificial intelligence capabilities while AHalrelematics is limited to more discrete
decision support functionality, namely through rule based sourcesldids @r message
suggestions (based on incidence typification which is carried outthydaparty, usually
human). In the Atlas Telematics architecture there is noifsp@eed for load distribution
among nodes as one node is capable of supporting enough equipment (ineoal cds
Brisa's motorways VMSs). Even though, in case a limigaehed, the broker element can be
adapted to provide leases for equipments instead of leasing ponsimslity for the whole
system. This would turn the broker into a very similar componen7]te software load
manager. The main focus of [7] is not on high-availability, dhehitecture presented has a
unique point-of-failure at the correlation processing node and anottier laad-balancer. In
order to achieve redundancy, the correlation processing node might loategblby using a
similar approach to TMS, although there would be some issues sgltitien is not stateless
while TMS is. The load-balancer point of failure is also shdngdhe Atlas Telematics
architecture, only in Atlas Telematics current deploymentltiael-balancer is a network
hardware element and in [7] it's a software element.

Atlas Telematics provides decision support (through a rule bas¢eihgyonly at a tactical
(local) level. A strategic (regional) level approach isnatter of future work, based on
ongoing regional projects in which Brisa is involved and which helueady led to the
adoption of DATEX2 with software support documented in [8]. [9] and [Af@sent



architectures for strategic level approaches where knowlbdges are at the core of a
multilayer (artificial intelligence) agent system. Thgéneral approach is to have a dedicated
agent for each local level and a coordinator that implementstiiéegic level by validating
local results against each other. At its current stagesAfelematics could provision the
sensor/actuator service level as well as work as the humtenface in such decision support
architectures.

10. CONCLUSIONS

This paper has exposed a specification of a conceptualizationtaiseghlement an high-
availability solution for traffic and telematic managemsygtems. Here are some conclusions
resulting from the deployment process:

- Efficient use of ITS resources depends on an ICT architetihateenables the efficient
use of technology, information and increasingly, services avaiktioss the variety of
ITS applications and systems.

The use of studied patterns for system design and deployment ermpibeesolution
efficiency and robustness, essential for critical environments

Software product lines and the architectures presented (nam&ligus) host the ideal
environment for other types of telematic equipments, thighis ongoing work includes
supporting weather stations in TMS and extending TMS'’s functional sufgpa@ny type
of telematic message devices (namely fuel price panels).
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