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Abstract

This paper presents an extension of a microscopeway driver model for urban
traffic. As urban traffic is more complex than fnesy traffic, and because scientific
models require extensive development, scientificdel® are often limited to
freeways. For urban studies commercial softwamdten used. Models describing the
behaviour in commercial software are only knowmeteearchers into a limited extent,
making them unsuitable for driver behaviour studi€@mmercial software is
therefore often used for studies on traffic controlsafety. This paper fills some of
the gap for urban driver behaviour models. Adaptetito the freeway model include
an additional lane change incentive regarding seteions and an increased
willingness to accelerate. New sub-models are ptedgefor traffic lights and priority
conflict. The latter includes courtesy yieldingelging for priority traffic and keeping
conflicts clear. If these models are combined watbdels for other modes such as
public transport, cyclists and pedestrians and watlistic traffic light controllers,
driver behaviour in urban traffic becomes an adbésssubject for simulation
research.
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1 Introduction

Scientific research into the effects of traffic reeses to improve road efficiency,
emissions and safety is often focused of freewagsmportant reason for this is that
freeways are relatively important in terms of védikilometres on the one hand while
being relatively simple to simulate on the othemdaCommercial simulation
software is often used for research on urban trafi scientific driver models for
urban traffic are not readily available. The foauscientific urban studies is often on
control theory such as LAmmer and Helding (2008) @ai et al. (2009), or on safety
such as Bonsall et al. (2005) and Demir and @aglu (2012). On freeways, driver
behaviour consists of car-following, lane changamgl route choice. These tasks also
occur in urban traffic, though the behaviour itgsldifferent which causes freeway
models to be invalid for urban traffic. The Lanea@ge Model with Relaxation and
Synchronization, or LMRS, (Schakel et al., 2012% macently been developed to
model freeway traffic. It is combined with a catléaving model which is an
adaptation to the Intelligent Driver Model, or IDM(Schakel et al., 2010). Currently,
no route choice model is included but a fixed roisteassumed. The simulation
framework in which the LMRS has been developedlianmed to be integrated into
the OpenTraffic open source traffic simulation (Taimga et al., 2012). The aim of
this paper is to extend the freeway driver behavimodel with driver models for
urban traffic.

Urban traffic has an increased complexity as dsi\ame faced with traffic lights and
conflicts at which they either have priority or maged to yield. Lane change
behaviour is also affected as drivers aim to ceos$ntersection as fast as possible,
which makes the lane change model more compleXingfiless to accelerate is also
affected. Traffic light controllers are an importapart of urban traffic. Such
controllers can be simple (e.qg. fixed cycle) but eésso become rather complex (e.g.
actuated, adaptive). Finally, urban traffic incladether modes such as public
transport, cyclists and pedestrians. In this paper focus on driver behaviour
regarding these aspects of urban traffic. Drivede® for traffic lights and conflicts
with vehicles in other streams are presented. tfedun the simulation framework are
fixed cycle traffic lights.

This paper is structured as follows. The next sectliscusses the freeway model as
well as the approach to extend it for urban traffiection 3 elaborates on sub-models
dealing with different aspects of urban driver bebar. Section 4 gives an
illustrative example of a turbo-roundabout afterickh section 5 presents the
conclusions and outlook.

2  Freeway driver model and urban modelling approach

2.1 Freeway driver model

The freeway model consists of the LMRS lane changdel and IDM+ car-following
model. The car-following model is given in equat{@y wheres is the net headway to

a leading vehicley is the current speed amtv is the approaching rate (speed
difference) with the leader. Usually= 4 is used, which is the inverse of the rate at
which acceleration reduces as drivers approactdebieed speed.
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The lane change model combines incentives to chiamgeregarding routely), speed
(ds) and right-keepingd,) using equation (2) to derive a single desirertange from
lanei to target lang. Voluntary incentives are included with a factyras drivers
ignore these if lane changes are required to fohomute. An overview of the lane
change model is presented in figure 1. Total lahenge desire affects driver
behaviour for gap-acceptance (including relaxatiang lane change preparation
(synchronization).

d'=d +8 fd + 4) @
dfree CIsync CIcoop
Synchronization no i no i yes
Gap-creation no E no i no
Headway + E : — = =
Deceleration = = = — = ':" - i
NoLC ! FLC ¢ SLC
Lane change desird)(
A
- . N
Follow route Gain speed Keep right

Figure 1: Overview of LMRS. Lane change desire isdsed on three incentives.
Lane change behavior, including the accepted headwand deceleration for a
lane change, varies depending on the level of lanbange desire. Above the
threshold dync it is assumed that drivers synchronize their speedith the target
lane. For a desire abovelyo, it is assumed that the follower in the target lane
starts to create a gap as it notices the lane chamgesire.

In the freeway driver model, several acceleratimay be determined, for instance for
the leader in the current lane and for synchrommratThe minimum of all relevant
accelerations is applied. The simulation framewal&o includes road-side units
(RSUs), which are defined as location based funstio which drivers may respond.
RSUs are located at a specific location and drivespond to them withirg = 295m
by changing parameter values and/or by determiamgdditional acceleration value.
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2.2 Urban modelling approach

The approach to include urban behavior is defire@d aet of responses to different
RSUs including traffic lights and conflict areage8ific responses are discussed in
the next chapter. General changes in driver behavediscussed here.

Both traffic lights and conflict areas indicate apcoming intersection and trigger
changes in driver behaviour. It is assumed thak aiivers become aware of an
upcoming intersection, their acceleration behaviclanges. Drivers become more
active which leads to higher accelerations. A grandication for this is the
difference in queue discharge rate of wide moveangg at freeways of about 1500
veh/h (Kerner and Rehborn, 1996) and a queue digehate at traffic lights of
roughly 1800 veh/h. The increased accelerationsehneeved by increasing the value
of parameten to a value oy for which 2 m/é is assumed. After the intersection, the
normal value fom is restored.

The lane change model is extended with an additiame change desire regarding
intersectionsdy which is set as a response to both traffic ligintsl conflict areas
(which both indicate an intersection). The totalela@hange desire is given in equation

®3).
di=d +8 ffd +d+d) (3)

The value fords should be a normalized value between -1 and Tatidig the range
from fully not desired to fully desired. In order pick the best lane it is assumed that
drivers consider the acceleration they can havthercurrent and adjacent lane. This
is calculated with the car-following model whichuers both a higher speed and/or a
larger headway as a more positive situation. Thisghly similar to the MOBIL lane
change model (Kesting et al., 2007), where thikaesonly incentive. The acceleration
difference is normalized by the maximum acceleratidference possible in regular
circumstances, i.e. full acceleration in one laned amaximum comfortable
deceleration in the other lane. This is expressedquation (4). By includingl,
drivers will in principle select the shortest quéoeas far as their route allows.

g =" 4
=t @

3  Driver behaviour modelling for urban situations

This chapter elaborates on a set of responsesbmwituations based on different
elements of urban situations which are represeuget) road-side units.

3.1 Split

Within urban networks a lane may split into mukighnes resulting in one vehicle
which may have multiple downstream vehicles. Ndbat tfreeway tapers are
considered a separate dead-end or starting lathe ineeway model. While being the
most downstream driver on a splitting lane, drivesdow the first downstream

vehicle on the lane which they will move onto. Tlaise is given by the route.
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3.2 Speed reduction

Speed reductions are appropriate where drivers toegldw dowrbeforethey reach a
certain location. This may apply for freeways bettainly for bends at intersections.
Drivers will decelerate if their speadis larger than the required speed at the speed
reductionv;. A similar principle is applied as in the IDM (Tioer et al., 2000) where a
ratio is applied on the minimum required constagtederatiorbmi,. For the ratio we
have bmi/b whereb is a parameter from the IDM+. The resulting bebawviis that
drivers slowly increase the deceleration ugp b the remaining distanceallows. If

the remaining distance is shorter, drivers dectdemaore than required to return to
comfortable levels of deceleration. The accelenaiiagiven in equation (5).

av__ B
dt b
(5)
2 —
bmin = Y Vr2
2%

3.3 Yielding and having priority

Uncontrolled intersections, including roundabowtss managed through the use of
traffic rules. Traffic which crosses over a cortfbeea from two different directions is
managed as one of the two directions has prioribylentraffic from the other
direction may have to yield. These conflict ardaet\een sets of two directions) are
part of the model and drivers respond to them kaluating traffic from the own and
the other direction. Note that multiple conflickeas, possibly with overlap, can be
applied for interactions with multiple crossingatitions. Many aspects have to be
considered which leads to rather complex behaviBart of the behaviour is that
conflicts are considered as a speed reduction,hniBienostly convenient in reducing
the number of RSUs required to simulate an intéi@@cConflicts are also more
complex because there are different types, i.&, sptrge and crossing conflicts. The
length and exact location of conflicts, which asedi in the conflict driver model, are
determined such that the centre lines of the twe kEections considered akgnsapart

at the start and/or end of the conflict. Note ttiegt start of splits is assumed to be
located at the end of the splitting lane and thé ehmerges is at the start of the
merging lane. The default value s is determined as half of the vehicle width and
half of the lane width (*2.75 + %23.5 = 2.625m) such that a vehicle stopped at the
start of a conflict will never occupy any spacetbe conflict lane as can be seen in
figure 2, where the parallel lanes describe thetmascal situation for which the
default value is derived. The valuedys may be adjusted for different conflicts.
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Figure 2: Influence of distance between lane cented.,s on location of conflict
areas for different crossing angles. Note thal.; is the base of isosceles triangles
where the two equal sides are on the center line§ looth lanes intersecting in
conflict point ¢ (which is undefined for the parallel case).

Besides these common aspects there are many difi@gponses for different types
and depending on priority. These behaviours wilwnoe discussed. The simplest
conflict type are split conflicts. These are imptted to prevent that vehicles move
along while the width of the lanes is not yet stiéfint for two vehicles. To avoid this,
the nearest downstream vehicle on the other lanehw (partially) on the conflict is
followed using the car-following model. This occtdies as long as the own vehicle’s
front is on the conflict area.

At a merge it is also required that drivers folleach other while being in the conflict
area. There is however one additional complexityctvlis that it is not required to
follow a vehicle which igartially upstream of the conflict. In that case, it is might

to simply stop at the conflict (i.e. one can ignohe part of a vehicle which is
upstream of the conflict on the conflicting lan€he car-following model is used to
derive an acceleration to stop for the conflict etthis considered as a virtual stand-
still vehicle. The car-following model is adjustadth a stopping distance @ for
which a value of 0.5m is assumed. This approactshtiiroughout this paper when
‘stopping at a conflict’.

For both merge and crossing conflicts drivers eitiee priority or should yield. In
both cases drivers need to anticipate the situatioorder to determine if and how
much deceleration is required, as even priorityicleh may need to stop when the
conflict is being blocked or if they decide to giweay as they cannot pass the conflict
themselves (i.e. courtesy yielding). To anticiptie situation it is estimated how
much time various vehicles with current speedill take to cover a certain distanse
assuming a constant accelerat@nSuch a time estimate is given in equation (6)
wherew < 0 indicates that a vehicle will decelerate tlastop before covering the
distances. Generally it is required that one event occur®igeanother event, e.qg.
clearing a conflict before another vehicle entdrsAi decision to continue or to
decelerate is evaluated continuously, meaningfttahstance a gap which is at one
moment accepted may be rejected a moment latercdheénuous evaluation holds
for all aspects of the conflict model, except fegistering a vehicle for which a
courtesy yield is performed.
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The following time estimates are used in the motleé time until a vehicle will enter
the conflict (te), the time until the conflict is clearedtd) and the time until the
conflict becomes passabligp]j. An overview of the distances that need to besoed
regarding these time estimates is presented imefiu Note thattp depends on the
length and stopping distance of the vehicle forakhihe conflict needs to become
passable (striped vehicle).

crossing merge

tte ttc ttp ttc ttp
A
8

T % S RSU
conflict area [S B [s length
| \
S
L

Y

i

Figure 3: Distances to cover regarding time estimas in different situations.
Both ttc and ttp are different between a crossing and a merge coitf as only the
start of a merge conflict has to be cleared.

The time estimates can be determined for diffevehicles. These are indicated with
subscripts for the own vehicle)( the downstream vehiclel)(or the conflict vehicle
(c). For a crossing conflict the conflict vehicleaizehicle on the conflicting lane with
a separate conflict area which is (partially) ugasitn of the end of that conflict area.
For a merge conflict it is the first vehicle fullypstream of the start of that conflict
area. Finally, the times can be estimated assuwarigus acceleration values. These
are indicated with superscripts for zero accelenatir constant speed)( maximum
comfortable deceleratiorb), actual current acceleration)(and finally the current
free accelerationf) The current free acceleration can only be usedtie own
vehicle and is given by the free flow term of tla-following model. This is given in

equation (7).
a=v' = a[l—(lj ] @)
VO

The behaviour for having priority or not which iaded on the time estimates is
explained in the next two sections.
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3.3.1 Periority

The simplest model for drivers with priority woulk that they ignore the conflict.
However, the conflict may be blocked by crossiraffic or the driver itself may
decide to yield out of courtesy. The latter oftecwrs if drivers are unable to pass the
conflict themselves anyway. It is assumed thatiaedryields out of courtesy if all the
following criteria are met:

1. The driver shows courtesy yielding behaviour. Hus fa certain fraction of
driversy can be assumed, which is a parameter of the model.

2. The conflict vehicle (without priority) is not tagd as being blocked due to its
own downstream conditions for any conflict (thigigplained further on).

3. The vehicle is the first upstream vehicle of thenftiot (i.e. there are no
vehicles between the own vehicle and the conflict).

4. The downstream vehicle is not the vehicle that regsstered as being yielded
for at the specific conflict. This may occur at @&nmge where the conflict
vehicle becomes the downstream vehicle. In that taes other vehicle should
be followed instead of stopping for the conflichi§ also means that only one
vehicle will be yielded for at a merge. At a crosgi this can be a larger
number.

5. The conflict is on the route of the conflict veleicl

6. Either of the following:

a. The conflict vehicle was registered at an earlimetas being yielded
for at the conflict. This ensures that a yield dexi does not alternate.

b. tte,” <ttps” and the speed of the conflict vehicle is zero. Heguality
is a method to detect congestion as the conflicolmes passable after
it is entered.

A driver which decides to yield will stop at thendlict, but only if this can be
performed with acceleration above.-Otherwise no acceleration to stop is applied.
The vehicle that is yielded for is registered amdeielded for at the given conflict.
This, in combination with criteria 6a, makes theslgi a decision instead of a
continuous evaluation. Still, the yield is unregrsd if the speeds of both vehicles are
zero (or if the conflict is entered). The formedesriterion assures that two vehicles
do not get stuck in a deadlock and that the yigldmehicle will not stop for an
unreasonable long time.

If a driver with priority does not decide to yieltimay need to avoid a collision with
a conflict vehicle which is (partially) at a crasgiconflict. Note that collisions are
automatically prevented at a merge as vehiclehiemrterge are followed. Whether a
collision needs to be avoided at a crossing cdriflicietermined witlite,' < ttcs, i.e.
the vehicle will enter the conflict before the datfvehicle will clear it. If a collision
needs to be avoided, it can be seen that the conflly not be entered during a time
of ttc’. The required acceleration is given in equatiop vi@ich is derived from
constant acceleration and whegas the distance to the conflict start. Note tliag {s
different than stopping at a conflict as the vehitiay only need to slow down.

. ZEQXC -5 - thtcé)
(tte?)”

(8)
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The acceleration from equation (8) may project #natehicle slows down to a full
stop and then starts to move backwards such teatdke of the vehicle is at the start
of the conflict aftettc.”. With equation (9) this can be checked as it taile less time
to reach a speed of zero. In that case, the dwsiérstop at the conflict instead of
applying the acceleration of equation (8).

Vetic? (9)
\Y

A second condition to avoid a collision at a crogss that the conflict vehicle should
have a non-zero speed. This means that a vehi¢lke priority may virtually go

through a stand-still conflict vehicle on the ciags However, without this rule a
deadlock may arise where a few streams are blookémip other. In reality drivers
may manoeuvre into small gaps, backwards, or eveto @urbs, effectively
preventing such situations.

A last part of the priority model is that a driweill tag itself as being blocked if it has
to avoid a collision, its speed is zero and eithgf = o or ttps” = oo, which means that
it will not be able to pass the conflict unles$eitthe conflict or downstream vehicle
respectively starts moving.

3.3.2 No priority

Drivers without priority evaluate the current gaghathe conflict vehicle and either
decide to stop or to go. The class of models ghated for this is often referred to as
gap-acceptance models. Often these models useed §jap threshold as required
from the start of crossing the conflict or afteving crossed the conflict. We use a
relative uncertainty factor > 1 instead, which is used to increase a timenesé that
should be smaller than some other time estimatthisnpaper we use= 1.25. For a
crossing conflict the following ordered rules apply

1. The gap is rejected if the vehicle is upstreamhef tange where the priority
road is visiblexew. This range is a property of the conflict whictpdeds on
visual obstructions from for example trees anddiogs.

2. The gap is accepted if the conflict vehicle willt pass the conflict due to its
route. This assumes perfect indicator use, butalsads unrealistic situations
where one vehicle is a conflict vehicle regardingltiple conflicts of another
vehicle.

3. The gap is accepted if the following criteria aretm

a. ttpg~4 < ttel, i.e. the downstream vehicle is expected to allow
sufficient space to pass the conflict when the lettnfvehicle is
expected to enter the conflict at its current am@ion. This only
holds for crossing conflicts which need to be kelglar, which is a
property of the conflict and depends on the locatb the conflict on
the intersection.

b. ttc, A < tte?, i.e. the conflict is expected to be cleared heftie
conflict vehicle is expected to enter the confliat its current
acceleration.

c. ttpA < tted, i.e. the conflict vehicle can decelerate comfuistaand
still enter the conflict after the conflict will beleared, even if the
downstream vehicle will decelerate comfortably.sTisia ‘comfortable
worst case’ safety criterion. This is illustratedigure 4a.
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I order of events
e’ |n|] tte’
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conflict veh. (c) ttpdb'/l
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Figure 4: Safety criterion for gap-acceptance at arossing conflict (a) and a
merging conflict (b).

For a merging conflict the conditions to acceptg gre slightly different. First of all,
the condition 3a for crossing conflicts is not dadis this concerns letting through
traffic into another direction. Also the two vel@slmay become each others follower
or leader after the conflict. Therefore, speedetéhces after the conflict need to be
considered. The condition 3c for crossing conflisttherefore adapted tottco) A

< tte, wheret,, is additional required time to overcome a spedi@réince. This is
visualized in figure 4b. The time at which the speéference is considered s, It

is expected that the own vehicle will acceleratehwihe free acceleration while the
conflict vehicle decelerates with. This results in a speed difference which (if
positive) needs to be overcome with an extendedldetion of the conflict vehicle
of b. This leads to equation (10) for the additionaldirequired at a merge for the
third condition.

(10)

— f — — 3
(= max(VC bitg b\q) \, Ot | OJ

Both for crossing and merging conflicts, a non-ptyovehicle will stop in front of the
conflict if the gap is rejected. Additionally, ifgap of one conflict is rejected it may
be required to stop for another conflict furthestupam. This happens if conflicts are
close together and need to be kept clear. Onciver diecides not to accept the gap at
a conflict, it evaluates whether the next upstreamflict that needs to be kept clear,
but the start of which is also downstream of theisle, allows sufficient space after
it. The space between the conflicts needs to lenat the vehicle length plsgs If the
space is insufficient, the decision is made to $twghe upstream conflict. The same
principle is applied again which may lead to aeif conflicts which are all kept
clear because there is never sufficient spacetimdman and the gap of the last conflict
is rejected. More concrete, this constitutes crmpé$ine intersection, at least up to a
buffer area, at once. If a driver will stop in ftoof a conflict, the simulation may
ignore conflicts further downstream for efficiencys these can never lower the
acceleration.

Finally, if a gap at a crossing is rejected, a paority driver may tag itself as being
blocked if its speed is zero and eithigg” = oo or ttc,” = oo, i.e. the conflict can only be
passed as soon as the downstream or conflict eaf@spectively starts moving.
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3.4 Traffic light

To a driver a traffic light is an object which i3 any of three states. For the driver
model we consider only two states: red/yellow ogegr. In case the traffic light is
green, it is ignored. If the traffic light is eitheed or yellow, drivers will stop in front
of it if the required deceleration is within limitslote that the yellow time should be
designed such that drivers may only consider thoeldeation as to strong if they can
pass the traffic light during the yellow phase. Toeeleration regarding the traffic
light is calculated using the car-following modédiave the traffic light is regarded as
a stand-still vehicle. There are two slight adjwstits to the car-following model.
First, the regular value of maximum comfortable eleationb is not applicable at
traffic lights. Instead, a value dfeiow is used for which we assume a value of 3.5
m/s (taken from FOSIM, Dijker and Knoppers, 2004). §kialue complies with
design guidelines of traffic lights and is usud#lyger tharb. Second, if the resulting
acceleration results in a deceleration strongen thaw the acceleration is not
applicable and the traffic light is passed durimg yellow phase (usually).

3.5 Overview of urban driver behaviour parameters

The preceding sections have covered various aspéaisver behaviour regarding
urban traffic. This behaviour is explained in madethich use a set of five
parameters, see table 1. The most important paeanset, which is the acceleration
at traffic lights and conflicts. Consequently itdaly determines capacity of both
controlled and uncontrolled intersections, inclgdimoundabouts. The maximum
accepted deceleration at traffic lights is giverblyow Which is strongly correlated to
the duration of the yellow phase and thus possishping a red light.

Table 1: Overview of urban driver behavior parametes

Symbol  Value Meaning

ax 2 m/s Maximum acceleration at intersections

Byeliow 3.5m/é Maximum deceleration at traffic lights

S 0.5m Stopping distance at conflict areas

A 1.25 Safety factor on estimated times at conflieaa

X 1 Fraction of drivers which shows courtesy yieldirhaviour

Other parameters are related to conflicts. Thera gopping distance. which is
mostly in place to prevent numerical overshoothef start of conflict areas. The value
should be small as larger values will increasediséance that non-priority vehicles
have to cover during acceleration before cleariegrélict, which decreases capacity.
More significant for the capacity iswhich is a safety factor to be sure that one event
occurs before another, e.g. clearing the conflefoie the conflict vehicle enters the
conflict. Different values between drivers could umed to reflect that some drivers
are more cautious than others. Values close tostweld however be avoided, as
some safety buffer is required due to inexact tesmates for the gap-acceptance.
Finally we havey which is the fraction of drivers that show couytegelding
behaviour when they have priority but cannot ctbarconflict.

Note thatd.ns and xew are also of influence at conflict areas. These roe
considered as parameters as they are correlatedyadimetry, i.e. they are part of the
network.
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4  Turbo-roundabout example

As an illustration and face validity test of cooflidriver behaviour we perform a
simulation of a four leg turbo-roundabout as irufgg 5. Each of the four incoming
links has a demand of 1500 veh/h, which fully saes the roundabout. Turn
fractions are such that north- and south-boundidraf twice that of east- and west-
bound traffic. Figure 5 shows several aspects@irtiplemented models.

|
|

Figure 5: Vehicles at a turbo-roundabout with i) driver stopping in front of the
first of two conflicts as the gap at the second ot accepted and the first needs to
be kept clear, ii) driver accepting a merge conflicwith nearby conflicting traffic,
iii) driver accepting a crossing conflict without rearby traffic, iv) north-bound
driver having changed right due to intersection inentive despite having to
change left within about 200m and v) south-bound #ffic dividing over both
available lanes depending on presence of other tifaf.

The resulting flows are in the order of 250—-400/kein the lanes without priority (A,
B, E & F) and in the order of 500—700 veh/h onltdres with priority (C, D, G & H)
giving a total flow over the roundabout of about5@7veh/h. These values are
reasonable as the model is not calibrated. Diffe¥erbetween B and F (or A and E)
are insignificant indicating that the intersectiame change incentive overrules the
route incentive despite a required lane changebouta200m after location F. Note
that the route incentive would be larger if thentigorth-bound lane would end less
than 150m after the roundabout.

5 Conclusions and outlook

In this paper an extension for urban traffic of tMRS lane change model combined
with the IDM+ car-following model for freeways iggsented. Driver behaviour is
adapted using an additional lane change incenggarding intersections and by
changing the acceleration parameter representinge mallingness to accelerate.
Additional models have been developed for speedictexhs, traffic lights and
conflict areas. Behaviour at conflict areas inchideurtesy yielding, regular yielding
and keeping conflicts clear.
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The focus in this paper is on driver behaviour. #@omplete urban simulation more
is required. From the infrastructure side this Imee public transport lanes/tracks,
bus stops, pedestrian/cyclist crossings etc. Theranodes also require their own
behavioural models. Connected to the infrastructweecontrollers, of which traffic
light controllers are the most frequent and impartarhese extensions to the
simulation framework should be developed for urlmaplementation.

Finally, the presented models have not been cadiirailthough the assumed values
appear to result in reasonable flows at a turbowlabout, calibration with real data
should be performed. The urban models use a tbfaleoparameters which limits the

effort required for calibration.
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