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Abstract—In this paper we propose a new traffic simulation
package, TDMSim, which supports both macroscopic and
microscopic simulation on free-flowing and regul ated traffic systems.
Both simulators are based on travel demands, which specify the
numbers of vehicles departing from origins to arrive at different
destinations. The microscopic simulator implements the car-
following model given the pre-defined routes of the vehicles but also
supports the rerouting of vehicles. We also propose a macroscopic
simulator which is built in integration with the microscopic simulator
to alow the simulation to be scaled for larger networks without
sacrificing the precision achievable through the microscopic
simulator. The macroscopic simulator also enables the reuse of
previous smulation results when simulating traffic on the same
networks at later time. Validations have been conducted to show the
correctness of both simulators.

Keywords—Macroscopic, Microscopic,
Travel demand, Fundamental diagrams.
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|. INTRODUCTION

RAFFIC simulation model$iavebeenextensively useih
various application areas including traffic engineering,
driver behavior modeling, studies in public transport, impact
of traffic on environment and emission, infrastructure anaysis
and development. They provide an important tool for
modeling traffic behaviors in dynamic traffic systems, testing
ideas and sol utions to traffic problems before deploying them
into redity. Currently, traffic simulators are mainly
categorized into macroscopic, mesoscopic and microscopic
simulators. Macroscopic simulators, in general, use
mathematical models for describing densities and flows of
vehicles throughout a traffic network. In other words, they
view traffic as flows rather than tracking each individual
vehicle. Microscopic ssimulators, on the other hand, track the
behaviors of individua vehicles and govern the interactions
between them. Mesoscopic simulators employ an intermediate
level of detall, for instance tracking individual vehicles but not
their interactions. Due to their natures, microscopic simulators
provide more detailed and precise results than macroscopic
and mesoscopic simulators. However, they are very
computational intensive and usually not suitable for very large
networks in comparison to macroscopic simulators which
produce results with lesser details and precision but are better
in dealing with scalability issue.
In this paper, we propose a new traffic simulation package,
TDMSm (Travel-based Demand Modeing Simulator),
consisting of a microscopic simulator and a macroscopic
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simulator, which is built in integration with the microscopic
simulator. Both simulators are capable of simulating traffic on
free-flowing and regulated traffic systems and based on travel
demands, which specify the numbers of vehicles departing
from origins to go to different destinations in a certain period
of time. With the microscopic simulator, our purposes are to
model the behaviors of vehicles, the operation of traffic light
systems, the capacity of roads and more importantly, the
interaction between vehicles. The microscopic simulator aso
models the scenarios in which there is communication
between vehicles and the central system to simulate the
situations when vehicles need to be rerouted due to incidents
in the network (i.e. road blocked, accidents or completely
jammed roads). Our main objective with the macroscopic
simulator is to facilitate the ability of reusing previous results
of simulations when simulating traffic on the same networks at
later times. That helps shortening the simulation time and
minimizes computational resources.

Many existing works have been done on traffic simulation.
However most of them have different objectives and do not
fully address our concerns. FreeSim [1] shares the same
objective of facilitating the communications between vehicles
and the central system. However, it is built to simulate free-
flowing traffic only. Although FreeSim is an open source
project, extending it to enable the traffic simulation on
regulated systems is not straightforward. In addition, none of
the existing simulators enable the reuse of previous results in
macroscopic simulation. Due to these reasons, we build a new
traffic simulation package TDM Sim to fulfill the objectives.

The remainder of the paper is organized as follows. In
section Il we present the related works in more details. In
section |11 we describe the microscopic simulation models and
present the validation results of the microscopic simulator.
The macroscopic simulator and its validation results will be
discussed in Section 1V. In section V, we conclude our
contributions and point out the future work.

Il. RELATED WORK

There are many existing traffic simulation packages
currently being used and developed. In this section, we choose
7 popular applications [2], [1], [3], [4], [5], [6], [7] for the
comparison with TDMSim. This comparison is an extension
of the one done in [1] but only includes the 4 aspects of
interest: Transportation networks, vehicle models, and the
ability to support communications between vehicles and the
central system, and the reuse of previous simulation results.
The comparison dataiis presented in Tablel.
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TABLE |
COMPARISON BETWEEN THEPROPOSEDPACKAGE AND THE EXISTING
APPLICATIONS
Communic
ations Ability of
Package Transportation Vehicle betv_veen reus_ing
networks models vehicles previous
and central  results
system
CORSIM/T  Free-Flowing, Micro No No
SIS regulated
FreeSim Free-flowing Macro and Yes No
Micro
MITSIM Free-flowing, Micro No No
regulated
PARAMIC  Free-flowing, Micro No No
S regulated
RENAISS Free-flowing Macro No No
ANCE
VATSIM Free-flowing, Micro No No
regulated
VISSIM Free-flowing, Macroand No No
regulated Micro
TDMSim Free-flowing, Macro and  Yes Yes
regulated Micro

The “Package” field contains all the traffic simtidea
packages included in this comparison. The “Trartsgion

these cells. This approach generally considers lsimp
microscopic models and does not require very iiNens
computation [11]. The other approach, car-followimgdels
[12], [13], [14], treat lanes as continuous setspoints and
vehicles’ positions can be at any of them. Thisrapph
provides more realistic modeling of driver and \eléar
behavior as it allows better control of vehicle rament [11].
However, the disadvantage of car-following approacthat,

it usually requires more computational resources in
comparison to cellular automata.

We choose car-following approach for the microscopi
simulator to achieve greater accuracy. In additidne
disadvantage regarding high computational resource
consumption can be overcome in the proposed mampisc
simulator, which only uses the microscopic simul@osmall
sections of the road networks (this will be desxlitin more
details in the section of Macroscopic Simulator).

The remainder of this section is structured afedl. We
will first describe the model for traffic environmie The
traffic light regulation model will be covered ihe next sub-
section. The model for vehicle behaviors will alde
presented. In the last sub-section, we describengtnoscopic
simulator and the results of validation.

networks” field shows the type of roadways that the

applications support. As presented in the tablertafrom

A. Traffic Environment Model

FreeSim and RENAISSANCE, all other packages supportpror the traffic simulation to be performed, the metric

both free-flowing and regulated systems, whichtheetraffic
systems with light signals and toll booths and is¢19.

The “Vehicle models” fields present the simulatimodels
supported by the applications. Except for RENAISSAN
which only supports macroscopic simulation, all kzges
allow microscopic modeling of vehicles.
CORSIM/TSIS, MITSIM, PARAMICS and VATSIM only
allow microscopic simulation.
TDMSim allow both types of models.

Among the packages, only FreeSim and TDMSim fat#it
the communications between vehicles and the cesysem.
In addition, none of the packages, except for TDlSallow
the reuse of simulation results.

Each of the listed packages has its own strengiissame
of them have been widely used. However none of therats

our purposes. FreeSim does support the communicatio

between vehicles and the central system. It ontuges on
free-flowing traffic systems however. In additiamme of our
objectives is to improve the performance of maapsc
simulation by shortening simulation time and mirdimg
computational resources, by enabling the reusexattieg
simulation results. Those are the main reasons wdyuild
our own simulation package.

Ill. MICROSCOPICSIMULATOR

In the current traffic simulation studies, there & main
approaches of microscopic traffic models: one ifulzr
automata and the other is car-following. In cellidatomata
approach, which is described in [8, 9, 10], eacdhelare
divided into cells that can either be empty or gued by only
one vehicle. The vehicle movement is controlledtaking
account of the rules governing the occupation lwerktion of
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However,

9

information and traffic demand of the network being
simulated need to be known in advance. The traffic
environment is modeled by the following elements:

1. Links

Represent one-way streets between pairs of intévascA
link is modeled by the number of lanes it has, dieeicated

FreeSim, VISSIM andanes for turning right, left and going straighte tmaximum

velocity allowed, the link’s length and Green phasel Red
phase’s lengths of the traffic light at the endthad link (this
will be described in more details in the traffight regulation
model sub-section).
2. Nodes
Nodes represent intersections in a traffic network.
3. Origin-Destination Pairs (OD-pairs)
An OD-pair represents a pair of origin and destomabf
vehicles in a traffic network. In other words, eadthicle,
when joining a network, must have an origin whereeiparts
and a destination where it aims to reach, the mitstin of that
vehicle never changes during the time it traveleugh the
network.

4. Routes

Each OD-pair is associated with a number of differe
routes connecting the origin to the destinationchEeoute is
represented by a set of consecutive links. Thetlheofya route
is calculated as the total length of the linksoihtins.

5. Travel Demand

Each OD-pair has a travel demand, which is reptedey
the number of vehicles wanting to travel from aigiorto a
particular destination in one minute.
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B. Traffic Light Regulation Model

Each node on the network has a traffic light cdhrp
which regulates the exit of vehicles on the rele¢viaks (links
having this node as their ending points). In thedehothere
are only 2 traffic light statuses, Green and Reutdad of
using amber light, we implement a period, calledfdred
time, which lies between Green and Red phases todffic
light. In other words, when the Green period ofadfic light
at the end of a link is over, it switches to thdféned period
(which is a few seconds long). During this perind,vehicles
are permitted to exit the link (as in Red periodyl &he traffic
lights on other relevant links remain unchanged.eWthe
buffered period is over, it switches to the RediquerAt this
time, traffic lights on other relevant links, whiele currently
in Red periods, switch to their Green phases. dha of using
this buffered time is to enforce a period in whighvehicle on
any of the relevant links is permitted to exitalmid accidents
for drivers who exited just before the end of Gredrases
(this has been being used in many traffic systemeality). It
can be seen that from the perspective of a ling, biaffered
time is part of its Red period (the traffic liglstalso red in the
buffered time). The only difference is that, in tewéd time,
the traffic lights on other links are also red wethiih Red phase,
at least one of the other links has green light.

Given a node, it can be established that:

ti = tg + tg + Nty

Where:

t; is the cycle time at the end of linkit is also the total
cycle time of all the traffic lights at the node;

teir tri 1S the length of Green and Red periods of thditraf
light at the end of link respectively;

tg is the length of the buffered period of the taffght at
the end of each link (buffered times of traffichtg at the
same node are always the same);

n is the number of streets associated with the node.

Depending on the number of streets passing thraugbde,
the traffic light controller has a different numbsrphases. A
streetpassing through a node can contains 1 ornis li
associated with that node. If 2 links share theesatreet, they
share the same Green, Red and Buffered period.a&epls
defined as the period that whenever the traffibtligontroller
switches from one phase to another phase, thetdlésast one
of those relevant links which has its traffic liglstatus
changed. Fig. 1 presents an example of how thifictra
controller works.

then to Red phase, the next street has Green .liJlhts
process is repeated forever.

Lk3
Lk1 Lk2

TN
s1 (N ) st

Lk4

Fig. 1 Example of how traffic light controller wark

TABLE Il
PHASESOF TRAFFIC LIGHT CONTROLLER

Street S1 Street S2
Link Lk1 & Link Lk2 Link Lk3 & Link Lk4
Traffic light Traffic light
Green Red
Red (buffered time) Red
Red Green
Red Red (buffered time)

Phase

A WON PR

TABLE IlI
VEHICLE PARAMETERS

Value
4 meters

Parameter
Vehicle length

i 25
Acceleration rate 2 m/s? (Accelerate from

Okm/h to 100km/h in 10

seconds)

250
- m/s? (Decelerate from

100km/h to 0 in 3 seconds)
Normal deceleration % m/s? (sp is the current
rate

Maximum
deceleration rate

speed of the vehicle, measured
in m/s)

(Vehicles would stop after 2
seconds since it started to

break)

Safety distance when 1 meter
stopping in a queue
(Sstop)

Safety distance to 3 meters
the last vehicle on a
lane for another vehicle
to enter senter)

Safety distance to 3 meters

C.Vehicle Model

According to Fig. 1, there are 2 streets and 4 slink ] ] ) )
associated with node Links Lk1 and Lk2 belong to street S1  1he vehicle model defines the behaviors of vehialeen

and Lk3 and Lk4 belong to street S2. Therefore, tth#fic
light controller has 4 phases (the number of phasedways
double the number of streets). The phases and ebasfghe
traffic light on each link are presented in Table |

At two-street intersections, Green period of aettis Red
period of another and vice versa. In buffered timde traffic
lights are red. At more-than-two-street intersawiowhen
traffic lights on one street is green, all otheests have red
lights. Then the lights on that street switch tdfémed period,
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they travel through road networks including accaien,
deceleration, lane switching, queuing and so oe. G¢haviors
of a vehicle are decided by the vehicle model basedhe
traffic conditions surrounding the vehicle and dapacity and
restrictions of the link it is traveling on. Thellfawing sub-
sections describe the parameters associated véthethicles.
The vehicle behavioral criteria will also be pretsen
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1. Vehicle Parameters » When joining a queue

There is only one type of vehicles currently codeby the If a vehicle encounters a queue, it starts dediheraas
model. The parameters are presented in Table III. soon as the distance to the last vehicle in thaiguiops to

2. Vehicle Model Behavioral Criteria the safety distances,). When the controlled vehicle stops in

This section presents how a particular vehicle aots the queue, the_ distance to the preceding vehidgjs.
response to different traffic conditions when éwvels through * When leaving aqueue '
a road network. We use the teoontrolled vehicle to refer to  If the controlled vehicle is not at the head ofuewg, it can

the vehicle on which the model is currently takesisions. only start leaving the queue if the distance to pheceding

« Behaviors when traveling on links vehicle reaches§;,,,.. Fig. 3 illustrates this situation:

When moving on a link, a vehicle needs to adaptht®
link’'s restrictions. When decided the next link jan after
exiting the current link, the vehicle must switch the I Ry | (|
appropriate lanes (i.e. the most left lane is re=grfor vi vz
vehicles which want to turn left after exiting thirek).

In general, a vehicle always tries to travel as daspossible

while considering the maximum speed allowed on the I Fig- 3, vehicles V1 and V2 are in a queue at the
link.However, if there is a preceding vehicle ahé tlistance P€dinning. V2 starts leaving and increases thewest to V1.

to that vehicle is less than the safety distangg,)( the Until when the distance reach®s,e, V:l: can start leaving.
controlled vehicle first looks for an appropria@jazent lane ~ 1ne case when the controlled vehicle is at the refad
to switch to if the trafficcondition on that landloavs it to dueue is described in the next sub-section.
maintain the current speed. If there is no such,léme vehicle « When vehicleisabout to join a link
decelerates to maintain the safety distance topteeeding If the controlled vehicle is at the head of a queus
vehicle. However, the controlled vehicle would éonously  5jjowed to exit (i.e. traffic light turns to greeri) needs to
tries to change lane if there is a chance. Theitond for the  determine if the available space on that link isuagh for it to
controlled vehicle to switch to another lane inéiud join “safely”, which means there is at least omeelan which
1) The lane the controlled vehicle is about to swittmust be  the distance from the last vehicle to the beginrifithe link
the one Fhat allows it to _jom_the_h_nk that it dm:l to join s not less tha$),,,. If there is not enough space, it keeps
after exiting the current link (i.e. if it curregttiecides to go staying at the head of the queue and continuousgks for
straight, it wouldn’t choose the left most lanestitch to if an opportunity to join the link.
that lane is reserved for vehicles that turn left). If the controlled vehicle is currently moving, tobeck for
2) The potential position of the controlled vehicle thie new available space on the next link is done when takicke
ane IS “safet)_/", which means it doesn't _\/l(_)lataetbqfety reaches the end of the current link. If there i$ eoough
distance requirement with any of the existing VESCON  g,500 the vehicle stops there and waits until wherspace is
that lane. This is illustrated in Fig. 2. cleared out. Otherwise, it joins the next link amdapts its

= SEeavc
<>

Fig. 3 Vehicle leaving queue

TR velocity to the maximum speed allowed on the link.
Vi V2 If a vehicle departs from its origin, it starts lwthe speed of
“IZI"'T' - TD h zero and accelerates to travel as fast as possitihie
V3 vi V4 considering the surrounding traffic and the liniéstrictions).

Fig. 2 Lane Switching D.Microscopic Smulator and Validation Results

In Fig. 2 assume that the distance between vehittleand ~ W€ developed a microscopic simulator (MicroSim) emas
V2 (d1) is less than the safety distang,]. V1 checks the on th(_e described model_s. MicroSim is a real_—tlma_mmr
adjacent lane to determine if it can switch to ides to avoid 2dopting the car-following approach. In MicroSimach
decelerating. On the adjacent lane there are Zheshiv3 and Vehicle is treated as an individual object and mied by the
V4. d2 and d3 are the distance between the potent}é?h'de model. Vehicles are created at their osgamd put

positionof V1 if switching to that lane and vehil2 and v3 [Nto links based on travel demands, using Poisgordam
respectively. V1 only switches to the lane if: process. They can communicate with the centrabaystbout

d2>S their curre_nt positions_ and speeds. The centraésyswith the
{ d3 > 5“’13 data provided by vehicles, can broadcast alert agessto all
tvil vehicles in the network in cases of incidents (oad blocked,

WhereS;,3, Sewiq s the safety distance between V3, V1 andccidents...). The central system can also provide th
any vehicle in front of them respectively (with theurrent jnformation regarding the better routes for eactividual
speeds). vehicle, based on the data it holds, if the vehietpiests.

In cases when the potential position of V1 is ianfror We validate the microscopic simulation models byning
behind all the existing vehicles on the lane, obsip one of \jicroSim to obtain traffic fundamental diagrams, igth are
the conditions can be omitted. graphical representations of the relationships betwspeed
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and flow, flow and density and density and speedtkeyTare
widely used by transportation professionals to gasights
into the three traffic fundamental characteristasd also
provide a method for validating the correctnesstraffic
modeling [15]. The accuracy of MicroSim is validatey the
comparisons between the obtained fundamental dreyend
the theoretical fundamental diagrams (TFDs) desdriby
Greenberg [16] and Newell [17] (known as Greenltziayid
Newell’'s fundamental diagrams respectively).
simulation’s results are considered accurate if tbetained
diagrams share the same patterns with TFDs.

Theonfigurations.

adjusting travel demands, traffic light cycles’ ¢g¢ims and exit
rates at the destinations. Once the program detbatsthe
density of each link is stable, it starts recorel ehicle flows
for 5 continuous traffic light cycles. With the taited data,
the density-flow fundamental diagram can be geedrathe
speed-flow and density-speed diagrams are prodo@sed on
the density-flow dafa

We conducted the validation on a number of differen
In all cases, the obtained fundaalen
diagrams show the similar patterns to TFDs’. Figa)pand (b)
present the fundamental diagrams that we colletdedhe

In order to generate fundamental diagrams, we decoconfigurations of (3,2,3,2) and (2,1,2,1) (the dogurfation

density-flow mappings using a validation programheT
validation program runs MicroSim  with
configurations of the network described in Fig. Bach
configuration is defined by the combination of thember of
lanes on each of the four links. For instance, gb#ing in
which Lkl and Lk2 has 2 lanes each, Lk3 has 1 & Lk4
has 3 lanes is one configuration.

The densities and flows recording are done on Lkith(
density is the density of Lkl and flow is the tofmws of
vehicles from Lk1 to Lk2, Lk3 and Lk4). With a padlar
configuration, we define a set of targeted dens#jues to
record the corresponding flows (5%, 10%, 15%, 23%8%b,
40%, 50%, 60% and 70% of the maximum density dnig)l
For each targeted density of Lkl, there are a nunube
different scenarios, which are defined as the coatinns of
targeted density on each of the downstream link®,(ILk3,
Lk4). The targeted densities in each scenario neede
reasonable and achievable given the targeted gemsitk1.
The density-flow we collect is really the mappingtween
each targeted density of Lkl and a range of floesorded
from all the associated scenarios.

4 D1

¢ Each link is 500 meters long and |

a 70km/h speed limit L2

¢ OD-pairs: O-D1, O-D2 and O-D3

« Traffic light cycles and travel SHE. Lk o
demands are set by the Validation
Program, depending on the targeted Lké

densities and scenarios
D3

Fig. 4 The network used for MicroSim validation

In order to record data for a particular configimat the
validation program invokes MicroSim for each taegkt

(a4, a5,a3,a4,) means that Lk1, Lk2, Lk3, Lk4 has

different a,, a,, as, a, lanes respectively).

IV. MACROSCOPICSIMULATOR

Macroscopic simulation models share some sub-models

with the microscopic models, including traffic eroiment
and traffic light regulation models. However, while
microscopic models capture the behaviors of indiald
vehicles in details, the macroscopic models vieaffitr as a
continuous flow. The proposed macroscopic simulator
(MacroSim) aims to provide the estimation of deesitand
traffic flows on links and travel time of routesaty point in
time. In addition, it facilitates the ability of using existing
simulation results on simulated networks at lateres with
the help of a database. In this section, we firddgcribe the
density-flow model. We then discuss the architectf
MacroSim. The section ends with the validation ltssu

A. Density-Flow Model

The main concerns of macroscopic models are deasitid
traffic flows on the links of a traffic network, wih are
modeled by the following elements:

1. Density

The termdensity is referred to as the distribution of vehicles
on a link. Depending on a vehicle’s status andtjmosi it is
categorized agueuing or moving. The categorization is based
on a parameter calledueue position. Queue position is
defined as the position of the first vehicle (codirtm the
starting point to the ending point of a link) whichstopping
at an intersection during Red light cycle or wajtifor the
vehicle in front of it to move for it to be able toove. If a
vehicle’s position is behind thequeue position, it is
categorized asmoving (even when it is not stopping but

density of Lkl and each of the associated scenarigfoving to leave the link); it is classified gseuing otherwise.

Depending on the targeted density and scenariiital set
of travel demands for the three OD-pairs is setkcfehe
initial traffic light cycles are also set. The ddtion program
is run to build up the density on each link to tisgeted
density and maintain that density for a period iofet for
recording. Densities on links are built and maimeai by

!Densities higher than 70% are generally unreailijido be generated as
in such cases the link is so dense and nearly aieipljam. The variation
allowed here is 2% (i.e. if the targeted densit$0%6, the validation program
doesn’'t need to generate the density of the upstiigk at exactly 30%, but
any value from 28% to 32% is acceptable).

International Scholarly and Scientific Research & Innovation 6(1) 2012 12

In the remainder of the paper, we deneate the number of
gueuing vehicles,b is the number ofmoving vehicles andj is
the queue position on a lane Therefore,a + b is the total
number of vehicles on that lane.

Fig. 6 provides the examples to illustrate the emboof
density. In Fig. 6 (a), vehicle 1, 2, 3 are stoppiat the
intersection while the vehicles behind are movihigerefore,
a =3,b =p—3 andq is the position of vehicle 3. In Fig. 6
(b), vehicles 4, 5, 6 are stopping while vehicles2,13 are

2 Using the formulgflow = density. speed

1SN1:0000000091950263
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moving to leave the link. They are all consideigeuing
vehicles. Therefora = 6,b = p — 6 andq is the position of

We represent thelensity of a particular link by a set of
parameters @, b, q:},{as, b1, g1}, -, {ai, b, qi}) with k is

vehicle 6 (withp is the total number of vehicles).

ik

the number of lanes on the link angb;, q; are the number of
queuing vehicles, number afoving vehicles and the position

of the queue on lanerespectively.

kmin

A A
a0 a0
S S 0
R p
e - 8 o
I | Bg ot IR "
4 g St 4 g
40 ] 40 =]
an - i) =
- -
20 - 20 -
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(a) For configuration (3,2,3,2)

(b) For configuration (2,1,2,1)

Fig. 5 Fundamental diagrams obtained from MicroSiwalidation
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Fig. 6 Examples of vehicle distribution
2.Vehicle Flows

The traffic flows between consecutive links, togethvith
densities, is at the heart of the model. For a particulak,li
traffic flows are categorized into two types: inbdulows and
outbound flows. The inbound flows and outbound #pws
the names suggest, are about the numbers of veljiiheng
and exiting a link respectively.

B. MacroSm Architecture

In this section, we present the architecture of
macroscopic simulator. Before going into detaile, start with
the definitions of some relevant terminologies.

1. Terminologies
a. Traffic Light Event

The macroscopic models share the same traffic |
regulation model as described in the Microscopiagator
section. A traffic light event is defined as theénpan time that
the traffic light controller at a node (intersecfjoswitches
from one phase to another (which causes traffibt Igfatus
changed on one or more of the associated links;iwias this
intersection as their ending point). From the pecsipe of a
link, traffic light events are categorized as Ndegf if the
event doesn’'t make any status change to the tigffit at the

c. Traffic Light Alignment

The termtraffic light alignment is used to refer to the
alignment between the traffic light at the end tof tipstream
link and all of the downstream links in a sub-netwad~or
instance, during the Green phase of the upstraz4is liraffic
light, the traffic light on one of the downstreamkl has 20
seconds of its Green phase and 30 seconds of dsaRe
buffered phases, the traffic light on another ddvazsn link
has 25 seconds of its Green phase and 20 secoiirisdadind
buffered phases and so on.

2. The Architecture

The MacroSim consists of different components wtdoh
integrated to produce simulation services. Figré&ents the
core components of this integration model.
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Fig. 8 Integration model

As mentioned before, MacroSim views a traffic natwas
a collection of inter-related sub-networks. In thigegration

end of the link or Green-to-Red or Red-to-Greennéve model, each sub-network is handled by MicroSim redpce

depending on the status change it makes.
b. Sub-network

In the macroscopic models, a traffic network ismed as a
collection of inter-related sub-networks, each aorg a link,
called upstream Ilink, and a number of links,
downstream links, to which vehicles from the upatnelink
can be flowed. In other words, a sub-network cassi§ a set
of links in which there is one and only one linkvimg its
ending point as the starting points of all othekd. Two sub-
networks are considered related if a downstreakndfra sub-
network is the upstream link of another. Fig. Tidtrates a
simple traffic network consisting of 3 sub-network#11, M2
and M3. M1 and M2, M2 and M3 are related sub-nekeor

Fig. 7 An example of how a network is divided istéh-networks
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data (i.e. densities, flows) requested by the Maitno
controller. In other words, MicroSim plays the ®lef a data
generator and provider.In the following part, weatée each
individual component of the model.

called @ MacroSm Controller

MacroSim is an event-based simulator. The events &ee
the traffic light events as described earlier fie test of the
paper, we use the teravent to refer to traffic light event for
simplicity). The aim of MacroSim is to keep track the
densities and flows on all links of a traffic netkobeing
simulated. The updates for each link (density dodd) are
made whenever an event at its ending point is peEE
MacroSim Controller (MacroSimController) is the heaf
MacroSim, with the roles of processing events anteracting
with other components to produce simulation
MacroSimController maintains a nonempty event paod
executes the events one by one. When an eventsodbwr
following tasks are conducted to get the updatderbethe
next event is processed:

» MacroSim Controller checks if there is any linkeaffed by
the event. If there is not, it ignores the everd processes
the next one.

» For each of the affected link. There are two situnt

- If the event is Red-to-Green, MacroSimControllemikes
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the Density Estimator to get the density updattheflink

conditions (including original densities, flowsaffic light

(in this case, the outbound flows are not a concealignment) and the resultant conditions (density tbg

because it is certainlythatthe outbound flows adkifing
the last period when the link is in Red light phaskthe
link has some inbound flows or/and a non-zero dgnsi
then MacroSimController checks in the databaset if
contains any record for this case, if it
MacroSimController retrieves the results and plabesn
into the Updates Pool (database and Updates Pddbevi
described in more details in later parts), if theeno
record, a MicroSim instance is invoked to simultie
associated sub-network (the sub-network which has t
link as its upstream link).

- If the event is Green-to-Red, MacroSimControlleecis
if there is a MicroSim instance invoked to produesults
for this link (at the last Red-to-Green event). thfe
MicroSim instance is
suspends at this event until the results are retufrom it.

If the MicroSim instance has returned the result
MacroSimController looks for them in Updates Pdél.
there is no such MicroSim instance, MacroSimColgrol
verifies if the update data was retrieved fromdaébase
and stored in Updates Pool. If it is the cas
MacroSimController gets the data from Updates Po
Otherwise, MacroSimController updates the densitgt a
flows with the old values (as no MicroSim invokeat f
this link means that it has no inbound flows andm
Thus, there is no change on this link).

b. MicroSm

In this integration model, MicroSim is used only suab-
networks to produce simulation results (that's wthe
problem regarding high computational resource conmion
of car-following approach can be overcome). As affitr
network consists of multiple sub-networks, it wodld the
case that multiple MicroSim instances are invokeatd a
running at the same time. To minimize the compotei
costs, MicroSim is only called at Red-to-Green d¢semn
other words, MicroSim is only invoked to simulake ttraffic
during the Green phases of a link’s traffic lightr Green-to-
Red event of a link, as it is certainly that thes@o outbound
flow during Red phases of traffic light cycles, thpdates of
density is done by the Density Estimator.

When invoked, the MicroSim instance is provided b
MacroSimController with the geometric informatiolinks’
lengths, number of lanes, speed limits...), traffght data
(Red, Green phases’ lengths...), current densityaohdink in
the sub-network, the inbound flows of the upstrdeak and
the current time point of the event. Based on #ia deceived,
MicroSim constructs the sub-network (links, noded taffic
lights) for simulation. If the links are non-emptylicroSim
calls up the Density Populator, which is respomsifdr
generating position and speed of each individublcle given
the density provided, to populate vehicles intolihles.

When the MicroSim instance stops (at the end ofGheen
phase of the upstream link), it stores the resukimulation
into the database in the form of the mapping betwa@&inal
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running, MacroSimController,

¥ransf0rming

upstream link and outbound flows from the upstrdiakinto
each downstream link). The MicroSim instance setits
completion notification to MacroSimController to tifp that
the results have been generated. If the MacroSimmQltar is

doesvaiting for the results from this MicroSim instandben the

results are sent directly to MacroSimControllehentvise a
copy of the results is stored in the Updates Pabich is a
temporary storage of updates, for the MacroSim@detr to
retrieve at a later time.

c. Data Sorages

This component includes 2 elements: the databadehen
Updates Pool. The difference between them is ttsgbase is
a permanent storage of the mappings between thynali
conditions and the resultant conditions of a paldc link
while Updates Pool is the temporary storage of tgwla
information which is generated by MicroSim instasmcé&he

Yata in Updates Pool is only used at runtime anddared

immediately when the MacroSimController retrievese t
updates. The purpose of Updates Pool is to minimize
unnecessary database accesses, which could
rocessing cost and slow down the performance.

" The implementation of the database conveys the alea
reusing previous simulation results that we propéfsee run
the simulation of a certain traffic network for abstantially
long period of time, we would get a large numbemaippings
in the database. Then at a later time we needntalafe the
same network with different traffic demands, thestng
mapping data help us minimize the number of catls t
MicroSim (as described in the MacroSimControllectwsm,
whenever the match is found between an entry irdttabase
with the current conditions of the links, the résurom the
database are retrieved instead of invoking a MionoS
instance). The more number of mappings stored i th
database, the higher probability that we can minémihe
number of calls to MicroSim, the faster MacroSim(irs the
sense that, MacroSim is faster if it can produce tbsults
which require MicroSim to take longer to generate).

d. Density Populator

Density Populator plays the important roleof areiface
between MacroSim and MicroSim. It is responsiblg fo
the aggregated information provided by
MacroSim into “microscopic” information required rfo
MicroSim to operate. Specifically, Density Poputgbooduces
the estimation about the position and speed of eatlicle
given the density of a link. It is called whenegeMicroSim
instance is invoked. The MicroSim instance will dethe
densities of links in its sub-network to DensitypRiator and
receive back the speeds and positions of vehiciesach link.
Then it generates vehicles on the sub-network daogto the
data and starts the simulation.

e. Density Estimator

As mentioned earlier, the Density Estimator compobrie
used to calculate the updates of a link’s densityases when
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MicroSim hasn’'t been invoked. The inputs into thidink, the differences between densities and outddiows at
component include the Red phase’ duration, theirmig the same events (from two simulators) are takem actount.
density, the inbound flows (outbound flows are matiters as For each route, the comparison is on the averagelttimes.
no vehicle can exit the link during Red phasesy, the traffic The following tables present the analysis on tisellte. The
light alignment. These parameters are provided kgomparisons are shown for the first 4 hours ofdineulation
MacroSimController whenever Density Estimator isand we assume the simulation time starts from 0:00.
consulted. The output of Density Estimator is thek's 1. Links

density @ b andq on each individual lane). For each one-hour period, we show the frequencthef
variances encountered when compaan, a+b or outbound
flows in specific ranges (i.e. how many percent thé
with the results coming from MicroSim, whose cotmess variances fall into the range 0%-10% or 10%-20%@ kater
has been proven. The validation is conducted byingthe CcOmpare the average valuesasfb and outbound flow over
two simulators concurrently on the same network ari® Same period.Tables IV and V show the validat®suits

comparing the two sets of results. Since the corscef the ©n two selected links. Other results are in a veirgilar
MacroSim are about densities, flows and travel time Pattern. In general, 70% of the variances encoedtevhen

C.Validation Results and Discussions
We validated MacroSim by matching the results d@dorces

collected those data on two simulators and dicathelysis on €omparinga, b or outbound flows are from 0% to 20%. The

the variances between them. variances ofa+b are usually small, from 0% to 10%. That

We choose Melbourne CBD as the scenario for thi®eans the densities produced by MacroSim are oot of

validation. The network is presented in Fig. 9.

1 2 3 4

13 14 15 16

Fig. 9 Scenario for the validation
The settings of the network are as follows:
» Each short link is 250 meters long.
» Each longer link is 500 meters long.
» Every line represents two opposite links; eacha&hd8km/h
speed limit.
» Every link whose ending point is 1, 6, 11 or 16 I

MicroSim even when there are big variances wih
andb(individually)since they actually compensate to leac
other.

The variances of the averages of densities andoontb
flows over each period are below 15% in most casés;h
means the two result sets are close in overall.

2. Routes

The differences between results of travel time eméd
from the two simulators are not considerable. Tabllshows
the comparisons between travel times collected from
MacroSim and MicroSim on 4 selected routes in gastiod.
In most cases (the routes shown in the table amerotwvhich
are not presented), the variances are below 15%.

In Table VI:
* Route 1 is made up of the nodes: 1-2-3-4-8-12-16
* Route 2 is made up of the nodes: 1-5-9-13-14-15-16

seconds for both Green and Red phase and 1 seoond*f Route 3 is made up of the nodes: 4-3-2-1-5-9-13

each buffered phase (total cycle length is 120 rsdx)0
» Every link whose ending point is 2, 7, 12, 5, 1A brhas 49

* Route 4 is made up of the nodes: 4-8-12-16-15-14-13
With the concerns on densities, flows and traveleti the

seconds for both Green and Red phases and 1 sémondcollected validation results, in general, showrt facroSim

each buffered phase (total cycle length is 100 rsds)0
» Every link whose ending point is 3, 8, 9 or 14 hb

produces results which are not much different fidioroSim.
The big variances we got wita and come from some

seconds for both Green and Red phase and 1 seoondsimplifications made in the models of Density Pepat and

each buffered phase (total cycle length is 90 s#=)n
» Every link whose ending point is 4 orl3 has 39 sdsdor

Density Estimator. However, the results show tHetoagh
the differences are big if we compare the values afndd

both Green and Red phase and 1 second for eackrdaiff individually, the differences between densitiask) produced

phase (total cycle length is 80 seconds).
e Two OD-pairs are: 1 and 16, 4 and 13, each withtrineel
demand is 50 vehicles/ minute.

For the purpose of this validation, in both simotat we
record the density (including andb) of each link at every
event of that link (Green-to-Red and Red-to-Gre#Vig. also
record the total outbound flows at Red-to-Greenntssdthe
outbound flows at Green-to-Red events are always o
vehicle exits during Red phases).

Due to space limitation, we only choose to pressmhe
typical results of the validation. For the datadueed on each
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by the two simulators, which is the main concermg not
considerable. In addition, the results also shoat dutbound
flows and travel time data collected from the M&imo are
reliable with the precision of 15%.

V. CONCLUSIONAND FUTURE WORK

In this paper, we have proposed a traffic simuratio
package, TDMSim, which contains the macroscopiakitor
(MacroSim) and a microscopic simulator (MicroSifBhth of
them support the simulation on free-flowing traféis well as
regulated traffic systems. MicroSim supports thewation of
traffic light systems, vehicle behaviors, road adya..In
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addition, it allows the simulation of route chargirof
vehicles, e.g. in cases of incidents, byfacilitgtirthe

comes from the fact that we calculate the inbouod fnto a
link by taking into account the outbound flows afch of its

communications between vehicles and the centralesys upstream links, which are resulted from applyingidSim on
MacroSim implements our new approach of integratingelated sub-networks in the previous events. Howeire

macroscopic and microscopic models to take advestagd
minimize the disadvantages of existing models. plwosed
macroscopic simulator is also able to reuse thestiegi
simulation results for later running times with thelp of a
database.

heavy traffic situations, the actual inbound flowoi the link
could be a very different value. Therefore, thdeat the
results on that link and also the other subsequénks. We
consider solving this problem as one of our futwaks. In
addition, more complicated scenarios will be ineavin the

TABLE IV validation process. Furthermore, the models of itkens
VALIDATION RESULTSON L”:)Kt]l;)_z — population and density estimator will also be resd and
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