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Hybrid M esoscopic-Microscopic Traffic Simulation

Wilco Burghout, Haris Koutsopoulos, Ingmar Andréass

Abstract

Traffic simulation is an important tool for modedithe operations of dynamic traffic systems. Whileroscopic
simulation models provide a detailed representaifdahe traffic process, macroscopic and mesosaopidels
capture traffic dynamics of large networks, in &sgetail, but without the problems of applicatard calibration
of microscopic models. In this paper we presenttaiti mesoscopic-microscopic model that appliesrasicopic
simulation to areas of specific interest, while glating a large surrounding network in lesser dietdh a
mesoscopic model. We identify requirements thairaportant in order for a hybrid model to be cotesis across
the models at different levels of detail. Thesguieements vary from network and route-choice csirsicy to
consistency of traffic dynamics at the boundariethe micro and meso submodels. We propose anratieg
framework that satisfies these requirements. Agbype hybrid model is used to demonstrate theiegudn of the
integration framework and the solution of the vasiontegration issues. The hybrid model integritEESIMLab,
a microscopic traffic simulation model, and Mezamewly developed mesoscopic model. The hybrid irisde
applied in two case studies. The results are paggnising and support both the proposed architecnd the
importance of integrating micro and meso models.

Keywords: Traffic simulation, Traffic models, Mesopic, Microscopic, Hybrid
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1. INTRODUCTION

Traffic simulation has become very popular for modgthe operations of dynamic traffic systemsaflic
simulation models are macroscopic, mesoscopic orastopic. Macroscopic (macro) models (e.g. Stfayja
Metacor(2)) tend to model traffic as a continuous flow, oftesing formulations based on hydrodynamic flow
theories. Mesoscopic (meso) models (e.g. Dyna@)TDYNASMART (4)) model individual vehicles, but at an
aggregate level, usually by speed-density relatinssand queuing theory approaches. Microscopicr@hmodels
(e.g. MITSIMLab(5), Vissim(6)) capture the behavior of vehicles and driversreagdetail, including interactions
among vehicles, lane changing, response to inddant behavior at merging points. Because ofi¢lis of detall
in the representation of traffic dynamics, micrqgacanodels are appropriate for evaluation of ITStems at the
operational level, since the representation of ndymamic traffic management systems requires snehdrained
modeling of the traffic process.

However, the application of micro simulation is mathout problems. Due to the detailed nature ef th
models, the preparation of input data (e.g. netveoking and representation) can be very time comsyand
tedious. In addition, micro models are highly $&vesto errors or variation in input demand daspecially under
congested conditions. Finally, and due to the caraggd structure of the models involved, calibnati®not trivial.
Furthermore, for these reasons and due to theiplxitly, microscopic models are usually appliednealler
networks and may suffer from boundary effects. ti@nother hand, macro and meso models usually fleawer
parameters to calibrate and are less sensitiverdosdn network coding or demand variations. Hogredue to
their more aggregate nature, such models are tintit¢heir ability to capture the detailed behavieeded to study
traffic networks with dynamic traffic managemenpahilities.

The objective of the paper is to present a mettaggofor the systematic integration of meso and enicr
simulation models into a single hybrid model. Sadiybrid model has the advantages of both typssailation
since it combines high fidelity micro simulationaneas of particular interest, with meso simulatiba large
surrounding area. Another advantage of the integrés that it reduces the computational requinetsie Overall,
integration enables the simulation of large scalgvorks, incorporating the effects of local micteepomena, with
increased accuracy and validity, while reducingrerguired data collection and calibration efforttoé overall
model.

The remainder of the paper is organized as follo@sction 2 identifies the main requirements for a
successful hybrid simulation model. Section 3adtrces the integration framework and proposesisokifor the
various issues and requirements identified in sa@i Section 4 presents results from two casBestuhat
illustrate the consistency issues and the impoetafiintegration. Finally, Section 5 draws conus and
summarizes the paper.

2. MESO-MICRO INTEGRATION REQUIREMENTS

An important aspect in developing a hybrid mesormicaffic simulation model is the identificationc
implementation of conditions for consistent integfa between the meso and micro simulation compsruéithe
simulation model. These conditions range from $tnat compatibility issues in terms of modelingffiaflows in
the two models, to compatibility of route choice.

Previous studies of dynamic hybrid models includenvac(7), Hystra(8), (9), and Micro-Macro link
(10). These models combine dynamic macro with micrautation. They focus on compatibility issues thaser
from combining two models that represent traffaiflat two different resolutions. The macro modefsresent
traffic as continuous flows, while the micro modedpresent individual vehicles. The proposed apgresivary in
how they address the problem of converting contisutows into individual vehicles and vice-versalat macro-
micro boundaries. 1(7) the micro model is adapted to fit a number of d¢thoals regarding the fundamental
diagrams, produced by the macro model, whil8in(9) first a micro model is derived from the LWR thedty)
(12), in order to fit the macro model which is alsodzhen the LWR theory. This model showed good edemnce,
but was difficult to extend. The second model pnéesa in(8), (9) is based on Newell's optimum velocity model
(13). In (10) the micro model (IDM) and macro model (GFT) are\dsl from gas-kinetic type differential
equations.

However, restricting the micro model to fit the n@mmodel, or deriving the micro model from macro
equations, may limit the capability of the modeicg the micro-macro equivalence usually only hdigisng steady
state flows. Since only the car-following modetiexived or adapted to fit the macro model, impdréapects such
as lane-changing are not part of the equivalert naither is gap-acceptance and stochasticitg@f behavior. It
is not clear how these aspects can be introdudda@gh(9) shows how stochastic desired speeds can be
introduced) while maintaining equivalency, andij(8) and(9) the use of ‘transition cells’ is reported to be
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necessary. Furthermore, the approach may constrmitype of car following models that can be usexthe range
of multi-regime models such as MITSIML#b), Aimsun(14) and Paramicél5), as well as psycho-physical
models such as Vissi(®) cannot be derived from macro models, nor can steady state properties be
theoretically derived.

The approach proposed here for the developmenhgbad model focuses on the integration of mesih wi
micro models. Since meso models represent floimdigidual vehicles, earlier problems of
aggregating/disaggregating the flow are easieetd dith. The main requirements for the developnoéia
micro/meso hybrid traffic simulation model include:

Consistency in route choice and network representa

One of the most basic conditions is general coesist of the two models in their representatiorhefrioad
network, paths, and route choice. The route choésals to be consistent to ensure that vehiclesnaile the same
decision given the same route choice situation{gpeor en-route), regardless if they are in thermor the meso
model. This means also that the representationeoélternative paths needs to be consistent thmuighe hybrid
model, as well as the travel times (link costs).

Consistency of traffic dynamics at meso-micro lolauies

Besides the consistency of network representatienconsistency of traffic dynamics at the bouretabietween the
meso and micro submodels needs to be ensuredmBaigs that traffic dynamics upstream and downstiaahe
boundaries need to be consistent. For instancen wltieue is forming downstream of the boundargtpand
grows until it reaches the boundary, it should targ in the other submodel, upstream of the boyndam similar
way as it would if the boundary had not been there.

Consistency in traffic performance for meso andramsubmodels

The two submodels need to be consistent with eti@r aith regard to the results they produce. ligetor those
facilities that can be simulated sufficiently wiayf both models, the results, in terms of commopuatst such as
travel times, flows, speeds, densities, etc, shbaldimilar. This implies the need for consistiibration of the
two models.

Transparent communication and data exchanges

The submodels exchange large amounts of data cimmyveghicle characteristics, and downstream traffic
conditions. This requires an efficient synchroriaand communication paradigm, and a design tlairmzes the
amount and frequency of data exchange. Otherlwessedmmunication overhead may become very largeh®n
other hand, aggregation and disaggregation of imftion at the boundaries may introduce complicatiand
should thus be avoided (s€9,(8), (9), (10)).

3. INTEGRATION FRAMEWORK

In this section we propose an implementation aechitre that facilitates the consistency betweerstitbenodels and
discusses alternative modeling approaches to meettjuirements identified in Section 2.

3.1 Architecture

Simulation models are in general a synthesis afraber of supply and demand models. Meso and mioaels
use different approaches to model traffic dynaraing different levels of aggregation for networkressgntation.
However, since they both use an individual vehiidsed representation of flow, they usually employlar travel
behavior models (e.g. route choice models). Hetheeroute choice component should be shared byrotels,
and operate on the complete network graph, inctutioth the micro and meso areas. The paths sheuligtined
over this common network graph, and the link trairaé database should cover the entire network aéswbe
shared by both models.

The proposed architecture consists of a modulsjaithe meso and micro models, that contains the
common elements: @atabasewith the network graph, the travel time tableg, skt of paths and the origin-
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destination (OD) flows, as well agravel behaviorcomponent with route choice models and path g¢inera
algorithms.

<insert figure 1 here>

Figure la presents the proposed integration acthite The travel behavior component in the common
module uses the database that contains the conm@terk graph, link travel times and known paitisthe entire
network. Both the micro and meso models supplyrifgsans of their subnetworks, from which the netlwgraph
is constructed. Each time a vehicle makes a rchubéce (whether in micro or meso), the common medsl
consulted. For the common route choice module &atp properly, the meso and micro models neegdate the
travel time database regularly with the link tratigles in their subnetwork.

The common module also includes the OD matrixlieréntire network. To simplify the information
exchange and facilitate a transparent data inpeitface, it is assumed that all origin and destmabodes in the
network belong to the meso subnetwork. This assioms by no means restrictive, since an origiestination
node in the micro area can always be designatacbasindary node in meso connected directly to tiseom
subnetwork.

The above architecture is applicable in the caserevthe two simulation models to be integrated tzave
open architecture or are new models, developedintifigration in mind. In integrating existing mdglehat are not
as flexible, the implementation of the integratimmework needs to be adjusted to minimize intedeho
communication, and use functionalities that arelémgnted separately in each model in a consistapt Wor
example, the simulation models may have their couter choice models. In this case, consistenerolivice
behavior across submodels requires two conditie)soute choice models with the same structurepandmeters
in the two submodels, and b) consistent path chestédefined over the entire network). To maimtae required
consistency in this case, the micro and meso né&snare enhanced with the addition of virtual litikat correspond
to the paths in the remaining network.

More specifically the meso network includes virtliaks for each path connecting boundary nodekén t
micro network. This representation guaranteesahah relevant path through the micro model is spreed
correctly in the meso route choice. The meso modkgcts travel times for the virtual links, andeaghem in the
route choice like any other link in the networkim$iarly the micro network is expanded with the didah of micro
virtual linksto the micro subnetwork. The virtual links alltiee micro model to deal with en-route choice in the
micro subnetwork. Since each path from an exinfioi the micro network to a destination in the mastwork is
represented by a virtual link in the micro modethange of route for a vehicle in the micro subaek can
effectively mean a different exit point into the snenetwork. There are no limitations in the frarogkwegarding
the number of virtual links, nor the recalculatwirthe virtual links due to changing traffic condits.

The above considerations simplify the initial atebfure considerably in the case where integraifon
existing simulation models takes place (Figure 1ipder this architecture, and based on the ODixnatr
representation discussed earlier, the meso modelésy responsible for all pre-trip decisions, letén-route
decisions are the responsibility of the respectivenetwork and patlissidethe meso model. This architecture has
a number of practical advantages compared to ttialione. While the initial architecture would peeferable in
the case of a new meso-micro model, it would regjlsirge amounts of communication overhead when gonth
two existing models. With the above modificatiohis overhead is avoided.

3.2 Modeling for Consistency

Assuming a common network graph, the architectwegsed in section 3.1 ensures route choice censigt
However, several aspects still need to be addressth@ modeling level, especially at the interfaebveen the
micro and meso areas.

Network representation

Problems may occur if the level of detail in miered meso subnetworks is not consistent. Netwarkmfcro
simulation include (almost) all roads in the aréatady. On the other hand, meso networks are rtarger and
may include only a subset of the roads. When thesgorks are combined into a general network thesgwo
problems: a) connectivity, and b) capacity at titerfaces.

The connectivity problem arises when not all lik&ne model (micro) are present in the other (haso
the boundary of the two models (this may also affiee correct definition of paths over the entiedwork). For the
same reason, the micro capacity at the boundagyfawe may be different than the meso capacitys @mn lead to
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very biased results unless the level of networkeggtion across the boundaries is both consistehtppropriate.
Of course, an easy and practical solution to thadlem may be to increase the level of detail mrnteso
subnetwork where it connects to the micro subnéiywamd maybe decrease the level of detail in therami
subnetwork, near the boundaries with the meso one.

Modeling traffic dynamics at meso-micro boundaries

The limited literature on hybrid simulation modé&suses on aggregation/disaggregation issues bettheemacro
and micro representations of traffic (4&§(8), (10), (16). In our case these issues are avoided by iniagravo
models that have a vehicle-based representatitaftit flows. However, other issues concerning ithterfaces
between the models remain. In principle, the nsaurces of potential inconsistencies at the interfaetween the
meso and micro models are:

* Location of boundaries

* Queue formation and representation

» Vehicle attributes (i.e. determination of speeds accelerations of vehicles crossing the micro/meso

boundaries)

L ocation of boundaries. Due to the fact that the meso and micro submodalsnepresent links and intersections
differently, the positioning of the boundaries beém them should be carefully considered. Placiamtht nodes in
the overall network would imply that some of thgdef an intersection would be at meso and someaab level.
This creates the problem of having to deal withititersection behavior (signal controlled or othiesy at different
levels of detail. For instance, gap acceptance madé¢he micro module require vehicles’ positioggeeds and
gaps in the opposing flows. This information thipig not typically available at the mesoscopilevt is
recommended therefore, that the boundaries bedddatthe middle of links, with exactly one entnydaone exit
segment.

Queue formation and representation. The placement of boundaries is also dependenteohdmogeneity of
traffic conditions. Typically micro models, duetteeir level of detail, represent lane-specific geuMeso models
on the other hand, usually do not have laneshidfis the case, a queue on one lane in micro, iétiea other lanes
remain open, will block the boundary node completehless the exchange of vehicles at the boundaaking
place properly. The virtual links in the meso settvork play an important role in solving the pexil of
inconsistent queue representation. Virtual lirfiet tepresent paths that can only use the blocasiwill be
blocked, while virtual links representing pathstthse open lanes will have available capacity dladvathe proper
advancement of the corresponding vehicles.

Crossing vehicle attributes. The attributes of the vehicles as they cross thmtharies need to be properly
determined in both directions (mict® meso) and (mes® micro). Attributes such as speeds, accelerations,
headways, etc should be consistent with the piiegadlonditions in the new segment the vehicle isimpto,
otherwise unnecessary shockwaves may propagateapst

On the boundary from the meso to the migreso - micro) submodel information is exchanged in both
directions: from meso to micro information aboubiedes (with a certain speed and at certain tinberials) needs
to be communicated; from micro to meso informatout blocking of boundaries and downstream densigds
to be communicated. If the entry to the micro l{dkwnstream of the boundary point) is blocked,rtfeso needs to
stop vehicles from exiting. The micro model informeso when the blockage is removed, so that vehiela start
flowing (over that specific boundary) again. Therialso sends the density in the vicinity of tlefmdary to
meso, where it is used to calculate the speededatibckwave that propagates upstream.

A more complicated issue is the generation of mition that is needed in the micro representatfon o
traffic, but missing in the meso. The micro chégastics that need to be generated at the enttyetonicro model
are divided into vehicle/drivattributesandmodel variables Attributes such as desired speed are generated
independently in micro based on the distributiothefse characteristics in the general driver pdpumassumed by
the micro model. Model variables, such as thealels speed, acceleration and time headway toehélke in front
need to bén accordance with the traffic situation upstreamdalownstream of the boundary
The variables that need to be assigned valueg aritny of a vehicle from the meso into the micmdeis are
usually: lane, time-headway to the vehicle in frapteed and acceleration. From the meso modeiniechteadway
is determined, but not the speed, acceleratioar@.|Based on the type of vehicle and the vehiglatk, a set of
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feasible lanes is specified. The vehicle is loagiedhe lane with the largest available headwagdep The speed
assigned to the vehicle according to the followatgprithm:
* Regime 1 (bound traffic);; Kk t, <=1t
V = Viont
* Regime 2 (partially bound traffic), ¢ t, <= t;
a=(th-t)(tz-t)
V = 0*V gesiredt (1-00)*V tront
* Regime 3 (unbound traffic); & t;

V= Vdesired
Where,
t; = threshold, to be calibrated
th = time headway (s)
\Y, = speed (km/h)
Viont = Speed of vehicle in front (km/h)

V qesired = desired speed (km/h)

The above approach was tested with actual dgtevin Measurements of speeds and time-headways orban u
freeway in Stockholm show high correlation of spekdtween consecutive vehicles on the same latiee icase of
small headways (£ 0.5 seconds; £ 2.5 seconds). This correlation decreases witleased time headways, and
remains at a constant low level beyogd 7.5 seconds. In almost all micro models, anah#cceleration rate of O
m/<’ is assigned to the vehicles that enter the netwdhe assignment of zero acceleration to the \ehicrossing
the micro boundary suffices for the hybrid modehasl.

In the interface from the micro to the meso mddgkro - meso), similar conditions need to be met as
mentioned in the meso to micro case. In the firstance the meso needs to inform the micro eachttim
downstream meso link becomes blocked or unblockdhat the micro model can stop/start sendingclehiat the
right moments. In addition to the blocking, the ieéds in micro that move towards the exit to meseed to react to
the downstream traffic conditions, as they woulthé downstream link were micro as well. In thatesahe
vehicles would react to vehicles in front, usingitttar-following logic, and those vehicles woudgct to vehicles
in front of them, etc. In the meso model, howetlge, position and detailed behavior of vehiclesasusually
modeled. But it is known when the latest arrivahofehicle was, and the (average) speed it wagraeski Using this
information avirtual vehicleis projected in the “imaginary” continuation o&timicro link, and vehicles in micro
that are near the exieact to the virtual vehicleas if it were a normal vehicle in front of thefihis idea can also be
found (in a slightly different form) i{8) and(7). An obvious refinement is to use lane-specifitual vehicles.

3.3 Communication/Synchronization

The meso and micro models need to communicateesith other to hand over vehicles that cross thadzoies,
and inform each other of traffic conditions dowrain of the boundaries, so that traffic upstreanreact to these.
Hence, in order to facilitate the proper modelifighe traffic dynamics at the interfaces, as oetlimbove, the
following information is exchanged between the sabats:

1. vehicles passing the boundaries between the maddisheir characteristics

2. link blocking/unblocking information

3. density on micro segments

4. information for virtual vehicles (speed and entmyd of vehicle that last crossed the border)

4. CASE STUDIES

Two case studies are used to illustrate the pomatde in this paper. The consistency issues andrésslutions are
discussed through a case study with a small asiifieetwork. The importance of integration in theatity of the
results is illustrated in a second case study uasmgctual network from Stockholm. The hybrid elagsed in the
case studies was developed using two simulatioreteodMITSIMLab and Mezzo.

MITSIMLab is a high fidelity micro model, which h&gen applied in a number of studies, and has been
calibrated and validated in both USA and Swe(éh 19) Mezzo is a new event-based mesoscopic modehidmt
developed in the context of this reseaf2d®). A network in Mezzo consists of nodes and lifldse links are
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characterized by the number of lanes and lengtbh ak has a speed/density function associatek iyithat
determines the traversal speed of vehicles entéhim¢jink, given the density at the time of enthy the nodes, one
stochastic queue-server for each turning movenentiates the transfer of vehicles from one linkrtother. The
gueue at the downstream end of the link consist®bitcles that are ready to exit (given their etitmne and
traversal speed), and occupies space. The demsttyegpart of the linkiotoccupied by the queueupining part)is
used in the calculation of the traversal speedseu®s blocking upstream of a turning movement ¢eckltaccess
to other turning movements, if they grow beyondedptermined length.

The propagation of queue-fronts is modeled basati@shockwave theoit1), (12) The shockwave
speed of the queue front is calculated for caseginh a queue dissipates in the downstream segnvghen the
dissipation reaches the current segment, the flmhdensity in the downstream segment and currgmbest are
used to calculate the propagation speed of thewgtashockwave. In addition, the downstream dgrisitised to
determine the speed of the vehicles once theymsi@ring towards the stopline. Using these two speta: delay to
each vehicle is calculated.

The two submodels communicate via PY21), which makes it possible to run Mezzo and MITSIMLa
on different computers. Since Mezzo is event-baaed has thus a continuous representation of timemnessage
passing is also used for synchronizing with theronioime-steps. A message with the relevant infaionafor
Mezzo is sent at each MITSIMLab time-step, and ugaeipt, Mezzo sends back a message with thearatiev
information for MITSIMLab. These messages from MIVi&ab are therefore treated as external eventsaaad
processed just like any other event.

4.1 Case Study |

We will illustrate the behavior of the hybrid modeling a simple network operating under incidemiditions. In
the first case the incident takes place in the onpart of the network and in the second in the mgmzt. We focus
our discussion, specifically on the way queue bujdand dissipation propagates across the bounbatty,in the
meso-to-micro and micro-to-meso direction.

The network consists of a single two-lane road ihatkm long, divided into 10 segments of 500 mete
(Figure 2). The first five segments are within Mezollowed by two segments in MITSIMLab, and filyathree
Mezzo segments.

<insert figure 2 here>

The free flow speed is 100 km/h. A constant denar8000 veh/h is applied for a simulation timeldfiour (3600
seconds). The locations of the incidents are atditin Figure 2. The first scenario has the iecicbn the
boundary between segments 5 and 6 in MITSIMLab,thagecond on the boundary between segments 8 iand
Mezzo. The incidents occur 20 minutes into theusition and completely block the link for 5 minutddezzo was
calibrated using data obtained from MITSIMLab, madependently on the same network, under a vaoiety
demand loads. The parameters in Mezzo that reqgaliteration include the capacity of the serverthatnodes and
the parameters of the speed-density relationstag tesdetermine the speed of the vehiq28).

<insert figure 3 here>

Figure 3a shows the cumulative outflow (veh/lam&)segments 0 to 5 under the first scenario. Tineutative flow
shows that the propagation of changes in flow ithlsueue build-up and queue-dissipation is smonthcansistent
across the meso-to-micro and micro-to-meso boueslarhs the queue grows it starts blocking upstreegments
as shockwaves start traveling upstream. Figurdl@strates the evolution of density over timethe five segments
of interest. The density increases in segmentF 8iMLab) after the incident takes place. The quezaches the
boundary with the mezzo segment 4 approximatelynvthe incident is cleared, causing the queue omeat)5 to
dissipate. However, the end of the queue stilltexaad that causes the density in segment 4 toimewgh for some
time, also causing upstream segments to get blocksdn the cumulative flow plot, it can be obsshthat queue
formation and dissipation behave properly overtibendaries. There are some differences betweelitean and
Mezzo segments. The queue dissipation shockwaagates faster in Mezzo than in Mitsim. Thisasgibly
due to the simplifiedepresentation of acceleration and driver reaaliglay time in Mezzo.

It can also be noted that when the queue frontwessathe queue back on the last congested segment
(segment 1), it causes an increase in the demsgggment 2. This may be a result of the simplifiaffic dynamics
representation in the Mezzo model, which doesailat tnto account the vehicles that approach theoétite queue
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but never come to a complete stop. Because o$itmglification, the outflow of this segment isdar, resulting in
a second ‘bump’ in the density of the downstreagmsmt. In general, the results indicate thatjineue
propagation and dissipation behavior is consisierass the Mezzo-MITSIMLab boundary.

In the second scenario a similar type incidemioduced at the exit of segment 8 in Mezzo. is th
scenario queue behavior similar to scenario 1 {€i@) occurs. One difference that was observékisteep
increase of the outflow from (Mezzo) segment &atend of the incident, whereas the increase w élo
(MITSIMLab) segment 5 is smoother and slower. Tdais be explained by the fact that the shockwaveryhehich
is used for modeling the queue dissipation in Meaasumes immediate changes in speed, while thelegin
MITSIMLab are bound to their acceleration limiteidareaction times). Another reason may be the guafithe
calibration of the Mezzo speed/density function.

4.2 Case Study 11

The objective of the second case study is to coengher accuracy of the results of the hybrid modelrsst actual
measurements (for more details about this casg ses{22)). The hybrid model (MiMe) is used to simulate th
operations on a mixed freeway/urban network innthith of Stockholm (Brunnsviken). MITSIMLab hasbe
calibrated and validated independently for the saatevork (se€18)).

<insert figure 4 here>

The network (Figure 4) is divided into the mesat jrathe north, which consists mainly of freewagsd micro part
in the south, which consists of a number of comjaiarsections with coordinated signal control arldrge
roundabout. The area is highly congested duringtihied period, which is the morning peak, 6:4500 a.m.
Sensor count data from 12 locations across theankhwaveraged over 15 minute intervals, was aviEldom May
2000. The OD matrix used for this case study vstisnated in(18).

The performance of the hybrid model is comparedrasgMITSIMLab and Mezzo using the RMSNE
(Root Mean Squared Normalized Error) relativeiseyved flow values and Theil inequality coeffitielf (23),
(24)). The U error proportions™) U, and \f are also used to measure the systematic (biagnea, and non-
systematic (covariance) proportions of the errdrable 1 summarizes the resultdITSIMLabcorresponds to the
results of the application of MITSIMLab alondezzao the results of the application of Mezzo alor] lybrid
to the results of the application of the integratemtiel (MiMe).

<insert table 1 here>

The values indicate that, as expected, MITSIMLatigoens best. According to the RMSNE values, therld/
model (MiMe) performed better than Mezzo alone, ttuthe fact that the signal controlled portiortted network is
now simulated at microscopic detail. The TheildJue indicates that the Mezzo model has a larggesyatic error
than MiMe. To further explore the nature of thBatences, Table 1 reports the RMSNE for sensaratén in
different parts of the network (Meso network is gat of the network modeled by Meso in the hyloniodel, and
Micro network is the part of the network modeled\dy SIMLab in the hybrid model). The part of thetwork
modeled by MITSIMLab in the hybrid model applicatis very congested and contains a number of comple
signalized intersections. The results clearlysillate the importance of the more detailed reptatien. Not only
the accuracy of the simulation improves in the mieetwork but also in the meso network, presumehbyto
better flow propagation.

Finally, as expected the computational time for Mild far superior compared to the computationad tim
required to model the network using MITSIMLab (abbuimes faster). This difference is expectedrmw as the
size of the network increases.

5.CONCLUSION

Micro and meso traffic simulation models have difg strengths and weaknesses. While micro modeisdde a
more detailed representation of the traffic processso models are able to capture traffic dynawoii¢arge
networks, in lesser detail, but without the datguieements and other application problems of miogalels. In this
paper we discussed the requirements for the dewednpof a hybrid meso-micro model which appliesrmic
simulations to areas of specific interest, whilawgdating a large surrounding network in lesser itletish the meso
model.
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We proposed an integration framework that satigfiesntegration requirements, and discussed atyp hybrid
model which integrates MITSIMLab (micro) and a ng@eveloped meso simulation model. In a small chsgy
aspects of consistency of traffic dynamics acraasbaries of the individual models were demonsirafEhe
importance of hybrid modeling for the quality oéthesults was illustrated in a second case stuidg as actual
network from Stockholm. The results indicate thattndeling specific parts of the network in microgic detail,
the quality of the simulation results improve. aliidition, the data preparation, calibration effoarsd computing
time are significantly reduced.
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TABLE 1 Resultsof Case Study |1 on all three models.

MITSIMLab Mezzo Hybrid (MiMe)
RMSNE
Entire network 12% 16% 15%
Meso network 10% 13% 11%
Micro network 14% 18% 17%
Theil U 0.051 0.055 0.054
u™ 0.001 0.147 0.075
u® 0.010 0.002 0.017

uc 0.989 0.852 0.909
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