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Abstract

Applications by simulation are known worldwide, and more and more complex systems can be
analysed by thistool because of rapid devel opment of computers. Thetraffic modelling, asapplication
field is in similar state, there are currently at least 50 traffic simulators in Europe with varying
qualities of functionality. Rather than developing one more traffic simulator, it would be more useful
to develop an open framework, which would be used to integrate the best features of the existing
simulators. Additionally, users are interested in the simulation of specific events, for example how
can a stopped vehicle in alane affect to the rest of the network, etc. This publication presents more
detailed requirementsfor generic framework modul esfor entering theroad network data, visualization,
analysis, and high performance simulation and shows adevel oped framework with these requirements.

Keywords: traffic simulation, open framework, UML, OO Simulators.

1. Introduction

The reader is guided through the structure of the document. After the introduction,
section 2 presents Object Oriented Toolsfor simulators, inthe part 3 there are shown
different types of traffic modelsand tools. In section 4 the new concept is presented
and part 5 showsalittle problem as an example, solved by thisnew open framework.

In some EU countries the governments and local authorities have identified
the use of traffic simulation tools as a way of enabling transport policies that can
reduce pollution in cities, improve traffic safety on the roads, and ensure that saf ety
requirements are traceable through the decision-making process. Traffic experts,
engineers needed toolkits for modelling and simulation of urban road traffic op-
eration, for scale-up, design of new functionality, and to improve the operation of
existing systems. They have identified computer modelling and simulation of traf-
fic operation and control as a strategic technology. The users of traffic simulators
did not want yet another traffic simulator; they demanded an open framework to
integrate the best features of the existing simulators and traffic control systems, and
to support the interchange of data between these systems.
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The motivation behind thiswasthat experts needed to share their experiences,
and to create a knowledge base from which the best and most relevant existing
technology could be considered for inclusion in anew framework. An international
project (OSSA) was to develop this standard open road traffic simulation frame-
work. OSSA (Open Framework for the Simulation of Transport Strategies and
Assessment) was a project in the Competitive and Sustainable Growth Programme
of the Commission of the European Communities DG TREN. OSSA was not de-
veloping a new simulation model, OSSA was defining and demonstrating a new
framework.

Experts had many requirements. some were only partially met by the ex-
isting tools and methods available to transport planners, traffic engineers and city
policy-makers. The OSSA framework now providesinterconnectivity between traf-
fic simulators, traffic control systems, and data sources. This system offers new
capabilities at the tactical level of implementing and evaluating policies relevant to
road networks, road traffic, transport planning and vehicle emissions.

The implementation of the two-way relationship (see Fig. 1) between issues
of broad policy in traffic and transportation and the tools by which the effects or
impacts of such policies was important.

Izmues of
rolicy

Effects of
policy

Fig. 1. Two-way relationship between issues of policy and the tools

The first type of tools — they are developed to inform a decision making
process — underlies the development of strategic policies. For example:

* Reduction of emissions policy requires measurement and modelling.
* Increased safety requires accident data and modelling.

Tactical level policies are means of achieving strategic level policies. They
require tools to support the implementation of the policy. For example:

« Influencing mode-sharein favour of public transport, using tools such as pub-
lic transport priority on the road and at intersections, and better and timelier
information on schedules and service operation.

» Minimizing delay in a network, using such tools as adaptive traffic control
systems and better and timelier information on traffic conditions and route
guidance.
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2. Technologiesfor Developing an Open Framework
2.1. Object-Oriented Tools for General Smulation Purpose

There are plenty of different object-oriented tools (based on object-oriented lan-
guages) or libraries used for general simulation purpose. For planning and devel-
oping ageneral framework described above for traffic simulation, it isimportant to
have an overview of these tools. In this section Awesime, C++SIM, Maisie, Mod-
Sim, MOOSE, PROSIt, Ptolemy, SIM++, SimPack, and Simex are presented. All
of these tools, except ModSim, use the general-purpose object-oriented computer
programming language C++ as the smulation language. Of course, thisis not a
completelist, and alot of other tools are available, but they can be seen as enabling
aframework for simulation.

Awesime

Awesime is a process-oriented simulation library, and also a library for parallel
programming in a shared address space (a multiprocessor computer). Entities are
implemented using threads, and interactions between entities are made through
method calls and the synchronization is solved by a specia kind of semaphore pP1].

C++SM

C++SIM isvery similar to Awesime, but distributed simulations cannot be built. It
was inspired by the SIMULA language and adds SIMULA functionalities to C++.
Oneorigina point for thistool isthat ‘non causal’ classes can handle events, such
asinterrupts [27].

Maisie and MOOSE

MOQOSE standsfor Maisie Object-Oriented Simulation Environment. Itisaprocess-
oriented library with more structured interactions between entities: it uses message
exchange, and the synchronization goes through a conditional queue of messages.
The conditional recovery is a Boolean expression that can be evaluated using data
from the state of the entities and from the messages. Finally, a parallel version of
asimulation can easily be created due to the inheritance mechanism [5], [7].
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ModSm |

ModSim (a commercial tool) is asimulation language developed by the US Army
for interoperability purposes between their different simulation tools. It is similar
to Awesime or C++SIM, but it uses a specific object language based on Modula-2.
However, there are some restrictions on the object-oriented features: for example,
amethod can be overridden by another method only if it takes the same parameters.
Activities (through threads) are created with a specific method, and the synchro-
nization is made with special events [6].

PROST

PROSIT is a process-oriented library created with parallelism in mind. Activities
are implemented using active objects which can easily be distributed on a network
of workstations. A PROSIT simulation can be thought of as a collection of con-
currently active objects interacting, via service cals, in the simulated time. If two
active objects have to synchronise, they use a blocking service. The advantages of
this kind of architecture are the capabilities provided for distributed and parallel
simulations and the openness to various modelling formalisms [35].

Ptolemy | and |1

Ptolemy | uses C++ as a simulation language and Ptolemy |l is based on Java.
Ptolemy is an event-oriented library for modelling reactive and embedded systems
but it can aso be used to simulate more general systems. The main objective of
Ptolemy’s devel opers was to offer a homogeneous environment that can simulate
discrete event models but also continuous-time models with differential equations.
In Ptolemy, asimulation is seen as a set of processes that have to be executed: The
series of executions relies on criteria evaluated by a scheduler F].

SM++

SIM++ is(acommercial product developed by Jade) aprocess-oriented library with
adifferent synchronization mechanism. When a SIM++ object wants to synchro-
nize, it hasto wait for an event. Inthiscase, itisareally simple mechanism because
an object can only wait for the next event, other tools allow waiting for an event
from a specific class. SIM++ can be used to make distributed simulation [4].



BUILDING A TRAFFIC SIMULAION SOFTWARE 107
Smex

Simex is quite different from the previous tools. It is a process and event-oriented
library with several activities in the same entity. Synchronization and interaction
are made through events. Thistool was originally developed for micro-population
simulations with an emphasis on human populations and diseases spread. It can,
however, be used to simulate more general models and it offers specific classes e.g.
event management classes [1].

SmPack

SimPack is a general simulation toolkit for creating discrete event or continuous
simulations. It is event-oriented and uses a specific structure named token for
synchronization. Itskey point isthat it supports awide variety of event scheduling
and continuous-time simulation models. declarative, functional, constraint models
and multi-models [12].

Table 1 summarizes the different features of these object-oriented environ-
ments (part of the table is taken from [35]).

Table 1. Summary of object-oriented environments

. Active N .
Environment Type objects Synchronization Interaction
Awesime Process Yes Semaphore Method call
C++SIM Process Yes Semaphore Method call
ModSim |1 Process Yes Semaphore Method call
MOOSE Process Yes Conditional waiting Event
of events

PROSIT Process Yes Blocking services Service request
request

Ptolemy Event No Particles exchange Particles exchange

SIM++ Process Yes Conditional waiting Event
of events

Simex Event & Yes Events Event

Process

SimPack Event No Token exchange Token exchange
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2.2. Technologies for Developing OSSA

All object-oriented environments enumerated in the previous section are based on an
object-oriented language and a simulation kernel. The earliest languages for OOS
were object languages specific for smulation, for example ModSim. However,
more recent tools use classical object languages like C++ (PROSIT, Sim++) or Java
(Ptolemy) as asimulation language.

Object-Oriented Simulation with the known advantages was a good choice
for a simulation framework. In order to plan this framework, developers knew
and applied some object oriented technologies. One of these technologies is the
Object-Oriented Analysis and Design (OOA&D), which is a set of techniques,
languages, and tools covering all the phases of a software project except the final
implementation phase, for which an ordinary programming language, preferably
itself object-oriented, is employed.

There is a common language for object-oriented planning as well, the Uni-
fied Modelling Language (UML) [18, 16], which has been accepted by the Object
Modelling Group (OMG) as the standard modelling language [30], and which was
used in OSSA project. Clearly, complex systems usually modelled with UML have
a complex structure and exhibit a complex behaviour, see Fig.2. In order to deal
with such complexity, the UML allows to model the various aspects of a system,
such as the static structure, the dynamic behaviour, the relationships among the
various components, and so on. These aspects all belong to the same system, so the
aspects of the OSSA system can be seen as different views of it. The UML reflects
this complexity in the presence of a number of different diagrams to represent the
various aspects of the system being modelled.

3. Traffic Models and Tools
3.1. Types of Traffic Models and Tools

Traffic simulation models may be classified according to the level of detail with
which they represent the system to be studied:

» Microscopic (high fidelity)
» Mesoscopic (mixed fidelity)
e Macroscopic (low fidelity)

A microscopic model describes both the system entities and their interactions
at ahigh level of detail. For example, alane-change maneuver at this level could
invoke the car-following law for the subject vehiclewith respect to itscurrent leader,
then with respect to its putative leader and its putative follower in the target lane, as
well as representing other detailed driver decision processes. The duration of the
lane-change maneuver can aso be calculated.
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Fig. 2. UML for configuring the simulation conditionsin OSSA system

A mesoscopic model generally represents most entities at a high level of
detail but describes their activities and interactions at a much lower level of detail
than would a microscopic model. For example, the lane-change maneuver could
be represented for individual vehicles as an instantaneous event with the decision
based, say, on relative lane densities, rather than detailed vehicle interactions.

A macroscopic model describes entities and their activities and interactions
at alow level of detail. For example, the traffic stream may be represented in some
aggregate manner such as a statistical histogram or by scalar values of flow rate,
density and speed. Lane change maneuvers would probably not be represented at
al; the model may assert that the traffic stream is properly allocated to lanes or
employ an approximation to this end.

3.2. Transport Modelling in the OSSA Context

OSSA project is concentrating on road traffic, and thus the modelling of transport

that uses roads is most relevant. Transport modelling in the OSSA context relates
to:

* Traffic Flow Models
* Transport Planning Models and Tools
» General Traffic Engineering Models and Tools
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The review begins with an overview of Traffic Flow Models, which, historically,
were the first to be devel oped.

3.2.1. Traffic Flow Models

Traffic flow modelling methodologies seek to describe in a precise mathematical
way the infrastructure of the road network (the static component) and the inter-
actions of the vehicles and their operators (the mobile components) within the
infrastructure. These theories provide an indispensable basis for the models and
tools used in the design and operation of streets and highways. The scientific study
of traffic flow began in the 1930's with the probability theory to the description of
road traffic [8], with the study of models relating volume and speed [19], with the
investigation of performance of traffic at intersections [20]. The theoretical devel-
opments were based on avariety of approaches, such as car-following, traffic wave
theory (hydrodynamic analogy), queuing theory [29]. Most traffic models today
use simulation for part or for all of these analyses.

Trafficflow analysisisoneof thefew areas, where macroscopic (or continuous
flow) simulation iswidely used. Most of the well-known macroscopic applications
in this area originate in the late 1960's or the early 1970's. The UK-developed
TRANSY T program [ 10] isan example of macroscopic simulation of urban arterial
signal control coordination. The US programs FREQ and FREFLO [11], and the
corresponding German analysis tool are related to motorway applications. The
traditional traffic flow descriptions are based on continuous speed and distance
variables.

3.2.2. Transport Planning

Inthe Transport Planning systemsthe plannersmay definevarioustransport systems
by combining transport mode and means of transport. The systems provide facil-
ities to enable co-operation and decision-making between all relevant authorities
(e.g. Ministries, loca authorities, police forcesetc.) to define optimum traffic man-
agement strategies. The transport planning is used in CONTRAM [38], atool for
analysis of street networks with signalized and non-signalized intersections. This
tool is widely used for the analysis of street networks in large geographic areas.
Another tool, EMME/2 [15] can be used for awide variety of purposes, including
theimplementation of trip generation modelsand mode choice models. An efficient
procedure balances a matrix in order to satisfy totals for origins and destinations,
and EMME/2isespecially useful for implementing trip distribution models. 1t may
be used to implement trip chaining models, such as park-and-ride, and for many
other applications [17, 29].

SATURN (Simulation and Assignment of Traffic to Urban Road Networks) is
asuite of flexible network analysis programs developed at the Institute for Transport
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Studies, University of Leeds [33, 39]. Public transport is assigned to the network
based on the transport system, line routes and timetables. TRIPS is used for mod-
elling transport systemsand coversall stages of thetraditional four-stage-modelling
process with advanced functionality for modelling trip production, distribution,
modal split and network assignment [37]. TransCAD is a Geographic Informa
tion System (GIS) designed specifically for use by transportation professionals to
store, display, manage, and analyse transportation data [36]. It combines GIS and
transportation modelling capabilitiesin asingleintegrated platform, and provides a
powerful engine with special extensions for transportation, mapping and visualiza-
tion tools designed for transportation applications, travel demand forecasting and
modules for routing. VISUM is a Transport Planning Tool (from PTV) that com-
bines all relevant aspects of private and public transport planning (0], and thereis
another similar tool, VISSIM from PTV, that is OSSA-compliant.

3.2.3. General Traffic Engineering Tools

Genera Traffic Engineering Tools are used for the design and modelling of small
areas of the road network, and usually for individual junction/intersection priorities
and signalling. There are some tools, e.g. ARCADY [3], PICADY [32] and OS-
CADY developed by the TRL (Transport Research Laboratory [38]) for simulating
roundabouts, priority junctions and traffic signals, respectively. Traffic assignment
programs indicate the effects of a scheme on congestion and estimate resulting
changes in routes, though they take no account of safety issues. These programs
are capable of estimating both queues and delays, and numbers of accidents for
isolated junctions. However, they only look at a specific junction and can take no
account of possible interactions between different junctions. To take full account of
changes across a whole network they must be used iteratively with an assignment
program ([14]). OSCADY [31] (Optimized Signal Capacity and DelaY) has been
developed into junction design and predicts capacities, queue lengths and delays
at isolated signal-controlled junctions. By minimal data entry OSCADY provides
the traffic engineer with an invaluable aid to designing new signalized junctions as
well as ng the effects of modifying existing designs. The programme can be
applied to numerous junctions including T-Junctions, four-armed crossroads and
staggered junctions. Up to five lanes it can be modelled on any approach. Up to
three sets of signal timingsit can be modelled, triggered by time of day or by critical
queue length.

TRANSYT (Traffic Network Study Tool) is applicable to traffic control area
modelling. It is one of the most widely used signal-timing programs. The Trans-
portation and Road Research Laboratory in England devel oped the original version
of TRANSYT in 1968. TRANSY T isamacroscopic, deterministic simulation and
optimization model. The model requires the link flowsand link turning proportions
as inputs and assumes them to be constant for the entire simulation period. The
TRANSY T program simulates traffic conditions for the duration for one complete
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cycle length, and these conditions are assumed to be representative of all other cy-
cles. The program optimizes splits and offsets given at aset cyclelength and carries
out aseries of iterations between its traffic simulation module and the signal setting
optimization module. For the initial signal settings, the traffic module estimates
the performance index by simulating traffic as it reaches each intersection in the
network. To minimize vehicular delay, the program searches for the optimum signal
settings with a two-stage procedure. In the first stage the optimum cycle length is
found through a search through the user-specified minimum and maximum cycle
lengths. In the second stage, the cycle length producing the lowest performance
index isinvestigated further by ahill-climbing procedure to determine the optimum
offsets and phase splits. Although there are no guarantees that the search will find
the global minimum, the program heuristic has provided a very practical trade off
between accuracy and efficiency.

3.2.4. Aimsin the Beginning of the Devel opment

There are many aims that could be declared, improvements in road safety, higher
priority to pedestrians and cyclists, reductions in car commuting, reductions in
road freight, improved public transport, signal plans for bus priority, park and
ride, energy saving, better use of existing infrastructure, intervention in demand
e.g. restrictions on parking, road user charging, incident detection and monitoring,
reducing emissions and (air and noise) pollution. The first of these is that the
issues of safety and pollution are likely to be critical elements of future assessment
strategies, and merit a high profile within the framework. The second isthat public
transport must also be incorporated, and the OSSA framework can reach these
many aims, because into this open framework alot of traffic simulators or modules
can be plugged.

4. OSSA asa Concept for Integration
4.1. General Purpose Middleware Tools Relevant to OSSA

Thetrend in theimplementation of new technology information systemsisto create
distributed applications. This makesthe systemsflexible, open and easy to manage.
In OSSA the communication standards are very important, because it enables the
intercommunication among different processes running on the same or on different
computers interconnected by a network (LAN, WAN, Internet, etc.). Depending
on the characteristics of the applications, computers and platforms to be used, the
network protocols supporting the interconnection, the services to be provided, etc,
there are different approaches and methodol ogies for implementing the distributed
systems. It was possible to select a method that has no support for objects such as
Sockets or Remote Procedure Calls (RPC), or to use amethod that supports objects
implicitly, like DCOM and CORBA, but the object approach wasarelevant issuein
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asimulation framework, so in OSSA the DCOM was preferred and the framework
communication was based on DCOM.

4.2. The Structure of the OSSA System

One of the largest lack of the traffic application toolsis the different formats of the
traffic & transport systems, policies and strategies. This leads to an inconvenient
situation, in which users need to afford additional work (when possible) to com-
bine the results of the different tools (sometimes on different platforms) they are
using. This reduces aso the flexibility of traffic engineers and decision makers to
freely choose among tools from different vendors because of the lack of a stan-
dard communication protocol for exchange data or combine results. In addition,
traffic and transport simulation tools usually need inputs (mainly those addressing
real or faster than real time simulation) from the live traffic and transport systems
throughout their specific infrastructures for data collection. The simple ideabehind
the OSSA Framework (Fig. 3) isbuilding ahorizontal software framework to allow
easy integration of heterogeneous data collection devices on the one side and soft-
ware applications on the other side. The OSSA Framework allows traffic engineers
and policy makersto freely choose simulation tools coming from different vendors,
aslong asthey are ‘ OSSA-compliant.’

GENERIC INTERFACE

Generic - Spgcif’lc -
~ Application A p Application —»_
Interlaces Interface 4

Fig. 3. OSSA framework context diagram
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The OSSA, by enabling the interconnection and interoperability of a num-
ber of existing/future traffic and transport simulation related modules, involve the
abstraction of all the elements, entities, actors represented and involved in this ap-
plication area. Thisis possible by using OO Analysis & Design techniques and
UML, and all these above mentioned elements come into the standard model. After
modelling it is possible to have instances of them in a database that will store all
the information concerning the area to be simulated. To access these models and
database, generic interfaces for storing and retrieving information were to be de-
fined. These interfaces should be simple and public pieces of software for enabling
the communication with the elements defined in the OSSA Framework. In thisway
al the applications including an OSSA-compliant interface, will have access to the
elements of the OSSA Framework.

The OSSA framework has been devel oped in three years and some simulators
and modules are connected into it. Two kinds of simulators — a normal one and
areal time simulator running on parallel computers — are worked out for OSSA
system and several accessory modules are developed to be plugged in and to use
thissystem. Inthenext part it isdemonstrated how useful for problem solving these
OSSA-compliant modulesare. First an Urban Traffic Control System modulecalled
SCOQT isshown for calculating percentage congestion, then the visualizer and the
analyzer are presented.

4.3. Urban Traffic Control System

In the traffic analysis it is important to obtain the optimum traffic signal settings
according to the actual traffic. The prediction of traffic delays and stops for the
particular pattern of traffic flows which exists in a network requires a traffic model
and various optimization routines that can predict traffic movement for some time
into the future. An external adaptive Traffic Control System, such as SCOQT is
able to solve this. SCOOT (by TRL, Siemens and Peek Traffic, UK [34, 22, 13])
is one of the best known and most widely implemented traffic responsive systems
based on acentral computer and communications to individual traffic controllers. 1t
has continuous communication between each controller and the central computer,
data pass to and from each controller in every second. Thisisacentralized UTC
system, the central processor performs an adaptive control on the traffic lights, and
local controllers do not perform any regulating action, but can act independently if
it isrequired.

SCOQT gives an estimation of traffic demand for the next cycle of the traffic
lights and further ahead for cycle time changes. The optimization routines predict
the effect of small changes to the current settings of the signals. Having considered
separately the Split, Offset and Cycletime of the signal s the best timings are chosen
for use on the street. The optimizing theory model is based on data collected from
detectorsbeing present on every link inthe network for which optimum timingsneed
to be calculated. These data are processed and used to establish the flow profiles
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—one for each link, divided into four-second intervals. The traffic predicted to be
crossing the down stream stop-line in each interval is stored in these profiles. Fig.4
shows three very different profiles. Profile A can be seen to show a platoon of
traffic in the early part of the cycle with atrail (which might be turning traffic) of
much smaller volume in the second half. Profile B isof similar average volume, but
no platoon is obvious. In the Profile C two distinct platoons can be seen showing
double cycling profile.

Main
Platoon

Side road
Platoon

Profile A

Random arrival

U

Profile B

Two distinct platoons

showing double
cycling

profile

Profile C

Fig. 4. Example flow profiles

All the traffic control stop-lines are considered in the optimizing model. The
use of Red-Green information at the stop-lines and traffic volume profiles allows the
prediction of the queues that will form for agiven green time. The model containsa
representation of traffic demand (Flow Profiles), stages, stops, and delays. InFig.5
the VEGA diagram shows the arrivals (the red and green bars on the top of the
figure) and the queue build up and discharge at the stop-line (e.g. the actual queue
at the bottom of the figure).

For the optimizing the percentage congestion (ratio of the congestion time
and cycle time) should be determined. Congestion is directly measured by the
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detector. If the detector is placed beyond the normal end of the queue in the street,
it is never covered by stationary traffic, except of course when congestion occurs.
If the detector detects traffic standing for thewhole of theinterval (for example four
seconds, denote the length of theinterval in seconds by i) then thisisrecorded, and
the number of intervals of congestion (n) in any cycle is also stored (c isthe cycle
time in seconds). The percentage congestion is calculated from:

. nsi %100
Percentage_Congestion = — (D]
Road
é
"""""""""" 1 g
Current I -
cstimate |
,,,,,,,,,,,,,,,,,,,,,, i
NRESI @ oReen _l_
One cycle I

Fig. 5. VEGA diagram with arrrivals and queues

The purpose of the optimizersisto predict the effect of different signal timings
on the street and to select the most appropriate set taking into account the percentage
of congestion. SCOOT hasthree optimization procedures by which it adjusts signal
timings: the Split Optimizer, the Offset Optimizer and the Cycle Time Optimizer.
Each optimizer estimates the effect of asmall incremental change in signal timings
ontheoverall performance of the region’straffic signal network in order to minimize
disturbance to traffic movement.

4.4. Sandard Network Topology

In order to create a standard network topology (Fig. 6) in the OSSA we had to
consider the structure of the existing transport-planning systems. The greatest
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number of transport-planning models use zones as areas in which traffic begins
(origin) or ends (destination) ajourney. Withinazonethetrafficisusually generated
at a centroid and the traffic flow is distributed via various nodes onto a number of
links. Somesimulators generate traffic also along individual links. Thiswill require
amethod to disperse zonal based O/D trip data onto the area of each zone. Thusthe
base objects of anetwork topology include: nodes, linksand zones. Each object has
anumber of attributes depending on the simulation model used. The infrastructure
includes objects (stop lines, traffic lights, yield signs, etc.) that are placed on zones,
links or nodes.

W% 055A OTI vigualizer - 055A_0TI_Alicante_full.onw = |EI|1|
File Edit View Toolz Help

%= 719365, 59 Y=4247524 58 MUK v

Fig. 6. General network topology

4.5. Interconnections

The OSSA makes a distributed model possible, where the different applications
can run on different computers. Distribution means that a process can find, and
have access to objects across the network. Aswith every distributed system which
works with online data, the efficiency of the interface will be crucia to the online
capability of the visualization tool. Some of the data, such as the topology, vehicle
models and objects need to be transferred just once to the visualiser. These data
will be kept locally and they remain unchanged, while the simulation isin progress.
Also vehicles, which are currently at stop, do not need new information about their
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state. For moving vehicles the description of their state will be kept as slim as
possible because of sufficient simulation.

4.6. Analysis Tools for Inter-Model Communication

In the development of the analysis module the relevant state of the art theoretical
and practical results were to be incorporated [2, 24, 23, 26]. In the analyser the
input data were collected continuously during the simulation run and these data
were aggregated and pre-evaluated by a fast algorithm. After the simulation the
data were post-evaluated in an overall analysis, and the information obtained from
evaluating the smulation resultsis provided in form of end-results of the simulation
experiment. For the end usersit is of great importance to provide a measure of the
reliability of the results, for this reason the analyser gets the simulation results as
inputs and determines the confidence intervals or error marginsi.e. the reliability
of the simulation results. Another task for the analyser is the termination of the
simulation run in accordance with the required level of statistical accuracy P5].

5. Example Problem Solved by OSSA

Let us consider an example problem to illustrate the description above and solve
the difficulty by OSSA Framework. We have to introduce a system for bus priority
at the intersection of two main roads of a given city. We must evaluate the impact
on the transversal road to the bus line direction in peak hours (considering also the
environmental impact). In order to take a decision we need to use a simulation
environment to evaluate the traffic behaviour. At the given city there existsaUTC
with the necessary infrastructures for traffic data collection, and thereisalso aGIS
application where the traffic infrastructures of the city are represented.

5.1. First Sep to Smulate

Wecan simplify the problem by considering that only four entitieswill beinvolvedin
the simulation process: theintersection, cars, buses and traffic strategies. Although
we have reduced the scope to these four entities, each one is complex and it is
necessary to define a model of each one by considering all their aspects. For
example:

 For the intersection: Topological parameters, number of lanes, stop lines,
horizontal and vertical signals, etc.

* For the cars: Type of car, fuel consumption, emissions, etc.

 For the bus: Timetable, type of vehicle, fuel consumption, emissions, etc.

« For the traffic strategy: Traffic parameters, traffic plans, etc.
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After the model isdeclared it is necessary to define how the logical represen-
tation of the real elementsin the area of study will be created. Otherwise it should
provide the OSSA Framework with geographical coordinates of the different ele-
ments at the intersection and other topology information, which are stored at the
GIS system.

The next step isto work out the simulation for taking decisions. We will need
aUTC for introducing the traffic plans in the intersection or statistical information
about the traffic flows at peak ours, a simulation engine enabling bus priority sim-
ulation, an analysis tool for evaluating the environmental impact of the traffic and
avisudizer for seeing the evolution of the area at a given time. By the OSSA GUI
these 4 modules can be plugged into the framework of the whole system, asit can
be seen inthe Fig. 7.

Simul ator Urban Traffic Visualiser

Control

v

Central Framework |

Analyser 1

Fig. 7. Four modules are plugged into the framework

5.2. Smulation of the Model of the Problem

During the simulation the simulation engine hasretrieved information about the area
by meansof aninterfaceto the OSSA Framework and hasstored their outputs, e.g. in
terms of number of stopped vehicles at the transversal road. Regarding the analyser
of theenvironmental impact, itwill takeitsinput (i.e. number of stopped and running
vehicles) from the framework through an interface. The visualizer has received the
topology of the intersection and the number of cars running. The first one (the
data of the intersection) has been retrieved from the OSSA Framework database;
the second one from the traffic flow information stored in the same database by the
simulation engine. All these data are obtained through the OSSA interfaces.

Fig. 8 shows very detailed information of vehicle and occupancy on the links
of the road network, which isimportant to the traffic engineer and to the simulation
modeller.
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.r:_ ANA Offline Evaluator 2.40.0

Fig. 9. Thetable of the resultsin the analyser module

After the simulation the analyser shows the results (see Fig.9 and 10), from
which a decision can be taken. Comparing the data of the origina situation and
the results of the introduction of the bus line, we can evaluate the impact of the
transversal road to the bus line direction in peak hours. Thisimpact is negligible,

and the environmental impact isso little, that thisintroduction has no environmental
pollution.
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EEANA Offline Evaluator 2.40.0

Link ID Pollutant Start End Time Amount Amount / Unit
Time meter

1024 Carbon- 16:23 16:33 855 7.1 g
Dioxide

1024 Carbon- 16:23 16:33 3847 32 g
Monoxide

1024 Nitrogen- 16:23 16:33 3405 28.3 g
Oxide

a) Without Bus Line

Link ID Pollutant Start End Time Amount Amount /  Unit
Time meter

1024 Carbon- 16:23 16:33 893 74 g
Dioxide

1024 Carbon- 16:23 16:33 3851 32.1 g
Monoxide

1024 Nitrogen- 16:23 16:33 3589 29.9 g
Oxide

b) With Bus Line

Fig. 10. The results of the example with and without bus line

We can take a general conclusion: it is easy to inter-connect directly the
simulation engine with the OSSA-compliant analyser and with the visualizer, since
alot of different interfaces are implemented in the OSSA Framework. On the other
side there is a well-done interface between the simulator and the framework for
configuring the area of study. In addition, if the decision-maker decides to use
other visualizer or add another analysis tool, thiswill not impact the working mode
of the simulator.

6. Summary

The conclusion is that the technology of the OSSA Framework guarantees the
interoperability and interconnectivity of different applications. Object-Oriented
Models are the most appropriate for guaranteeing the mentioned functionalities,
enabling the existing application to run in their own platforms without needing
migration to other ones. This generic tool is good for comparing data derived from
different tools, from the live traffic control system’s detectors. One of the key
aspects of OSSA is to implement the interfaces for enabling the interconnection
of the different tools throughout the common framework. The OSSA system is
equally used by traffic control system operators, traffic planners, policymakers and
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possibly the road users for different purposes. There are some advantages of the
system, the most important ones are the following:
The OSSA Framework

* is openly available in order to plug new simulators and modules into the
OSSA Framework in the future, so any organization can use and apply the
framework.

« isplatform and technology independent, because the modules can be written
in different popular or less popular programming languages.

« facilitates theintegration of different simulation related modules by means of
standard interfaces and the robust and thorough object model reflecting the
main relevant parameters in traffic simulation.

These advantages are of use to the professional usersinthelocal & metropol-
itan authorities and the public transport authorities, because they, applying traffic
modelling and simulation tools in their daily work, have realized that each of the
existing tools has inadequacy and limitations. The OSSA Framework suits the user
expectations of the next generation of simulation-based tools — which are flexible
and customizable with facilities for interconnecting the different applications and
tools — since the motivation for the research was strongly user-focussed. These
users apply this system for decision-making, and the solutions can be obtained eas-
ily from OSSA. Beginning with athorough survey of existing techniques and tools,
it is confirmed that there is no equivalent to the OSSA Framework available in the
state of the art.
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