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ABSTRACT

This paper presents the results from a microscopic traffrulation study that was conducted to
investigate the impacts of a so-called Congestion Assistantaffic efficiency and traffic safety. The
Congestion Assistant is an in-vehicle system that suppoetsdtiver with an Active pedal when
approaching a traffic jam and a Stop & Go when driving irafii¢ jam. Six variants of the Congestion
Assistant with different equipment rates on a four-lane highwith a lane drop were assessed. The
traffic simulation tool was calibrated and validated usireasured loop data on a segment of the Dutch
Al12 highway. The Congestion Assistant was found to reduce the amouohgdstion significantly,
especially due to the Stop & Go. This function led to more effiatar-following behavior by adapting
smaller headways and eliminating the reaction time of driv€he Active pedal of the Congestion
Assistant hardly influenced traffic efficiency; ratlieaffected traffic safety through a safer approach to a
jam.
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INTRODUCTION

Modern societies are increasingly confronted with problems ificttafid transport, such as congestion,
accidents and emissions. High expectations rest on driver supgerhsyte contribute to the solution of
these problems [1]. Current research efforts focus on the tjabteffects of these systems on traffic
efficiency, safety and emissions. Because most driver sugyetems are not on the market yet,
simulation facilities, such as traffic flow models, are appli;n this paper, we present a so-called
Congestion Assistant that can improve traffic efficiency amadfi¢ safety during congested traffic
conditions on highways. An innovative aspect of this systers inbination of driver support systems:
the Congestion Assistant consists of an Active pedal when approachiiatjic jam and a Stop & Go
when driving in a traffic jam. Furthermore, the traffic sintigla tool that we used was calibrated and
validated using speed and flow data of the Dutch A12 highway. This resulie@ference situation with
a realistic congestion build-up. Before discussing the set-up amesihiés of the study, we first elaborate
on earlier research into driver support systems that daéedeto the functions of the Congestion
Assistant.

It is expected that particularly Adaptive Cruise Control (ACcan compensate for the
unfavorable human behavior that causes congestion [2]. An ACQrsyste control the speed and
distance to the preceding vehicle more accurately than humagrsdgan. Drivers sometimes brake
harder than necessary or unintentionally change their speed (e.tp dtiger distraction), which can
induce a traffic jam in dense traffic. ACC can eliminate eh#r$ving behaviors. Besides, an ACC system
can take away the spacing that is needed because of thendang of drivers. Therefore, more road
capacity can be created, because vehicles can follow eachratreeclosely at high speeds. Accordingly,
no traffic efficiency benefits will be obtained if ACC systs imitate average car-following behavior.
This statement was confirmed by Minderhoud [3] who studied the isiphdifference ACC systems on
highway traffic. He concluded that ACC with a time gap below liBcseased the road capacity.
Furthermore, the capacity gains increased with an increasjnigment rate of ACC. In contrast to the
commonly used constant time gap of ACC systems, Wang & Rajd#]gmoposed a variable time gap
policy which analytically led to a more stable traffic flow and a hidtiginway capacity.

Compared to ACC with a limited speed range (e.g. above 40 kmding, is expected from Stop
& Go, which particularly assists the driver in congesteditraffuations. One of the ACC systems tested
by Minderhoud [3] was especially designed for supporting the dnivetap-and-go conditions with a
speed range of 0-60 km/h. However, this system showed negativasnopamad capacity, most likely
because of the relatively large time gap of 1.2 s. WithirG®enan research initiative INVENT, Benz et
al. [5] focused on raising the congestion outflow by examining different timeegapgs of a Stop & Go.
Microscopic simulation results showed an increased traffic figth a time gap of 1.0 s, because this
setting is smaller than the average time gap applied by unsupported drieerkaving the traffic jam.

The functionality of driver support systems can be enhanced whermege¢gxchange information
with each other. For example, the Cooperative Following sysiess automated longitudinal control
combined with vehicle-vehicle communication to anticipate selbeaking maneuvers in emerging shock
waves with the aim of smoothening traffic flow and enhancin@jdrsafety [6]. The results of a small-
scale simulation showed that vehicles equipped with this systeoklyguesponded to downstream
braking maneuvers, which led to safer headways at a platoon Kesting et al. [7] proposed a ‘jam-
avoiding’ ACC strategy that adapts the ACC driving style dyinalty to the traffic situations determined
by vehicle-vehicle or vehicle-infrastructure communication. WIiaproaching a traffic jam, the
comfortable deceleration level of the ACC system decsessdancrease the traffic safety by earlier
braking. When arriving at the bottleneck section and when leaviagtraffic jam, the maximum
acceleration increases while the time gap decreases, botheasethe capacity. Microscopic simulation
results showed that already a small amount of ‘traffigpad& ACC vehicles improved the traffic
stability and performance and led to a reduction of traffic congestion.

The results above point out that driver support systems have the paterdg@uce the sometimes
unwanted driving behavior to mitigate congestion. Particularliesys that stimulate early braking when
approaching a jam, such as the Cooperative Following systemegdhmsitive effects on traffic safety,
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while traffic efficiency was especially improved by ACC adtbp & Go systems that operate with a
relatively small time gap. Following from these findingssiexpected that the Congestion Assistant can
contribute to the dissipation of congestion. This in-vehicle systepports the driver during congested
traffic situations on highways and consists of: (a) an Actiwialpinat produces a counterforce of the gas
pedal when the driver is approaching a traffic jam at tob bpged and (b) a Stop & Go that takes over
the longitudinal driving task from the driver in a traffic jahine Congestion Assistant is developed based
on user needs and evaluated with respect to its impactsvimgdsehavior in a driving simulator [8]. The
results from the driving simulator experiment showed indicatminan improved traffic safety and
efficiency when approaching and driving in a jam. This paperepteghe results from a microscopic
traffic simulation study that investigated the extent taclv these impacts prevail when focusing on a
whole traffic flow instead of only one driver.

This paper is structured as follows. The next section descthe ITS Modeler, which is the
simulation environment that was used to study the traffic flopants of the Congestion Assistant. The
next section discusses the implementation of the Congestiostadsin the ITS Modeler. The two
sections after that present the impacts of the Congestidstagson traffic efficiency respectively traffic
safety. Subsequently, the observed findings and used methodolodis@rssed. The paper ends with
conclusions and an outlook.

SIMULATION ENVIRONMENT: ITSMODELER

To study the impacts of the Congestion Assistant on highvedfycirthe modeling approach should be
able to: (a) simulate the traffic flow by distinguishing indivatluwriver-vehicle combinations that
represent the interactions between vehicles and between dridevehicle, (b) simulate changes in
driving behavior induced by the Congestion Assistant to descrildeetiaevior of vehicles equipped with
or without this system, (c) simulate highway environments, ifgutottlenecks, such as on-ramps and
lane drops that can cause congestion and (d) realistically repreginfiow dynamics, particularly with
respect to the congested regime and the transitions between freadlaarayestion.

These basic requirements are met by the ITS Modeler [9, 10]ITEh&lodeler is a modeling
environment in which intelligent cooperative vehicle-infrastruetsystems can be modeled, tested and
evaluated for their impacts on traffic efficiency, tra&fety and the environment. It has to be connected
to a commercially available traffic simulation tool for ttead network and the generation of vehicles. In
this study, the ITS Modeler was coupled with Paramics [11]. [Tl Modeler has a modular and
transparent set-up, so that new models and algorithms can heashgld.Each time step of 0.1 s, the
ITS Modeler calculates new vehicle positions and statesdsiwer model and a vehicle model. Next to
these models, it has an ITS model that describes the workitng @ongestion Assistant. The different
components of the ITS Modeler are discussed below. Most focpstisnto the longitudinal driver
model, because this model forms the basis of the functionaltaefiioif the Congestion Assistant and it
has a large impact on the formation of traffic jams.

The driver model consists of a lateral and a longitudinalpocomnt. The lateral driver model
describes the driver’s actions with respect to laterhicle control. This model distinguishes free lane-
changing and mandatory lane-changing. The free lane-change modedmépoe®rtaking when a slower
predecessor is forcing the driver to reduce his speed tetodesired speed. It primarily considers lane-
changes to the left to gain speed advantage. However, the model was adaptedutceiténe-changes to
the right in congested traffic conditions to also gain speed advantgehen the lane to the right moves
faster than the current lane). This adaptation is applicaldeasas the current vehicle speed is below a
threshold, set at 70 km/h. The mandatory lane-change model is applied if a drivardgtreat/ the lane he
is driving on does not lead to his destination, does not continue awxhdink, or is not accessible for
him. Generally, the free lane-change model is applied, unlesvex ias to make a mandatory lane-
change.

The longitudinal driver model describes the driver’s actisitl respect to longitudinal vehicle
control. This model distinguishes free driving and car-followkach time step, a desired acceleration is
calculated for both situations. The most restricted one is stteaesulting desired acceleration and is
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limited within the boundaries for comfortable acceleration aneldmtion, set at +3 nf/sind -5 m/$
respectively. In the free driving situation, the driver attertgpteach or maintain his desired speed within
certain boundaries. The desired speed indicates the speed thdth&omlaintained in the absence of
other traffic and is drawn from a normal distribution. The meansstard deviation (SD) of the free
driving speed have been determined from loop detector measurgi®ntEor passenger car drivers the
mean desired speed is set at 121 km/h (SD = 12 km/h) and fordiiveks at 86 km/h (SD = 6 km/h).
The desired acceleration for free driviag , is based on the difference between the current spaad
the desired speegy.

Aot v r- (Vref _V) (1)

with r a constant relaxation factor, set at 0.4/s. In the car-follogitngtion, the driver has to adjust his
speed and/or following distance with respect to traffic ahead d&bieed acceleration for car-following
aer g IS a linear function of the difference between the ctirdestance headwag(t-t) and the desired
distance headwagk;, the speed difference between the current speed and @ spthe predecessor
Viel o(t-t;) and the speed difference between the current speed and th@fsiheepre-predecessag o t-

t):
aref_d =Gy '(d(t_tr )_dref )+ Cv_p 'Vrel_p(t_tr )+Cv_pp 'Vrel_pp(t_tr) (2)

with t, the reaction time of the driver awg c, ,andc, y,,constant factors, default set at 0.3, 1.5 and 0.2
respectively. Like the desired speed, the reaction tirdeisn from a normal distribution. For car drivers
a mean value of 0.3 s is used (SD = 0.05 s) and for truck dfiv@is (SD = 0.3 s) [12]. Note that these
values are exclusive of aspects like delays for moving thebfelwteen the gas and brake pedals and
perception thresholds, as these aspects are modeled sepdragelgesired distance headwdy; is
assumed to be a second order polynomial of the current gpeed

d.,=C +C, V+C,-V? (3)

with ¢, ¢, andc; constant factors, default set at 3, 0.25 and 0.02 respectively.

The vehicle model describes the dynamic behavior as a céshi interaction with the driver
and the road, taking into account the ambient conditions. The inpables from the driver model are
the positions of the gas and brake pedals. Together with thegevammbles, the vehicle model uses
information about the characteristics of the vehicle, the geatnetry, the condition of the road and the
wind. The output of the model is an updated vehicle acceleration, whicked to calculate the new
speed and position of the vehicle.
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IMPLEMENTATION OF CONGESTION ASSISTANT

Both the Active pedal and the Stop & Go of the Congestion Assigtare implemented in the ITS
Modeler as a new ITS model that describes the behavior of$ibens and the interaction between the
driver and the system. The Active pedal slows down the driver wimoaching a traffic jam at too high
speed by providing a counterforce of the gas pedal. It is &sktimat the driver will obey the Active
pedal, so when this function is switched on, it controls the behakittreovehicle. The Active pedal
computes a desired acceleratmpthat represents the necessary deceleration for safelgaambjpmg the
traffic jam. It is calculated based on the distance to theft#ile traffic jamx, the current speedand the
speed of the last vehicle in the tail of the traffic pam

o = — (4)

The desired acceleration by the Active pedal representdeteleration needed to obtain the
same speed as the last vehicle in the tail of the traffic However, the Active pedal only helps with
slowing down and thus gives a counterforce of the gas pedal if siredlacceleration is smaller than a
threshold of -0.5 mfs When the desired acceleration is larger than this thicksihas assumed that the
driver maintains an appropriate speed himself, so that no estamce of the gas pedal is needed.
Furthermore, the Active pedal is only working when the drisdess than a certain distance removed
from the jam. In this research, two variants of the Active lpegae investigated: one operating from
1500 m before the jam and the other operating from 500 m before the jam. The desieatmn by the
Active pedal is bounded by -1 rfitshich resembles deceleration by releasing the gas pedahcTive
pedal becomes inactive when the tail of the traffic jame#ched or when the Stop & Go overrules the
Active pedal. Besides the desired acceleration by the Actidalpthe ITS Modeler also calculates
desired accelerations related to free driving and car-fatigpwihe vehicle model will use the most
restrictive one.

The Stop & Go (see [13] for more detail) takes over the long@ldriving task in the traffic
jam. It is assumed that the driver cannot overrule the StGw&o when this function is switched on, it
controls the behavior of the vehicle. The Stop & Go is assumdx tautonomous with respect to its
(de)activation. This means that it does not use vehicle-vetoahenanication to turn on or off. Instead,
the Stop & Go will be active based on the current speede I7¢hicle drives at a speed of at most 50
km/h for a period of at least 3 seconds, the Stop & Go will becaxtive. It will become inactive if the
vehicle drives again at a speed of 70 km/h or more for at3esetonds. In this research, two variants of
the Stop & Go were investigated: one with a desired timetgap 1.0 s and the other with 0.8 s. The
Stop & Go tries to maintain the desired following distath¢according to:

d,=d, +t, -V 5)

with v the current speed armlj the safety margin, set at 3 m. Next, the Stop & Go computesieed
acceleration that represents the necessary aciatefat safely driving in the traffic jam. It can be
computed on the basis of the deviation from the intended speedtbe basis of the distance difference
and speed difference between the own vehicle and the predecEke resulting desired acceleration is
given by the most restrictive one and is limited between tagimum comfortable acceleration and
deceleration, which are set at +3 frdad -5 m/Srespectively. The desired acceleration by the Stop & Go
based on the speed deviateg,is related to the difference between the current speed the intended
speed of the Stop & Gg.:

ast_v =lg- (Vint _V) (6)
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with rg, a constant relaxation factor, set at 0.4/s gpdset at 22.2 m/s (~ 80 km/h). The desired
acceleration by the Stop & Go based on the distance difference adidfference with respect to the
predecessoas; ¢is a linear function of the difference between the currenamiie headway and the
desired distance headway and the speed difference between the current speed and the spleed of
predecessoly o

ast_d = ka (kd (d - dst)+ kv 'Vrel_p) (7)

with ks, kg andk, gain factors of the Stop & Go controller.

It is assumed that the Congestion Assistant knows aboutiatieeo$ the traffic flow by means of
vehicle-vehicle communication. The system knows from each downswefainle whether it is located in
a traffic jam or not. The Active pedal uses this inforomatin its algorithm to slow down the driver if
necessary. The frequency band for vehicle-vehicle commumricadil presumably be allocated in 2010,
after which such cooperative applications can become readily If1 this simulation study all vehicles
can communicate with each other. Accordingly, the ITS Modeler sh&ekcurrent speed and location of
each vehicle in the network. This is done for each traffie ladividually and for each time step of 0.1 s.
The traffic state on a lane is said to be congested whea timan 3 vehicles follow each other at a speed
of at most 50 km/h for a period of at least 3 seconds. The last vehicle in thasjusee to determine the
distance that a vehicle equipped with the Congestion Assistant is erathie traffic jam.

SIMULATION SET-UP

Different variants of the Congestion Assistant were itigated, since it was expected that variation in
system design might result in different traffic flow immadEach variant of the Congestion Assistant
consisted of either the Active pedal or the Stop & Go, or a combination of both fur(sgeriBable 1).

TABLE 1 Variantsof Congestion Assistant Consisting of Active Pedal and/or Stop & Go

Variant Active pedal Stop & Go Notation

1. Active from 1500 m before jam - 1500 m

2. Active from 500 m before jam - 500 m

3. - Time gap of 1.0 s 10s

4. - Time gap of 0.8 s 0.8s

5. Active from 1500 m before jam  Time gap of 1.0 s 1500m & 1.0s
6. Active from 500 m before jam Time gap of 0.8 s 500m &0.8s

The magnitude of the traffic flow effects was expected to mdps: the equipment rate of the
Congestion Assistant in the vehicle fleet. Therefore,tigacts were studied at 10% and 50% equipment
rate. The six variants of the Congestion Assistant wereestiad the two equipment rates, resulting in
twelve experimental scenarios. In each experimental scefhaeie tiser classes were distinguished: (a)
passenger cars not equipped with the Congestion Assistants@®npar cars equipped with the system
and (c) trucks not equipped with the system. The referencei@itusithe situation in which no vehicles
were equipped with the Congestion Assistant.

Being interested in the impacts of a Congestion Assistanigravay segment with a lane drop
was simulated to create congested traffic conditions. The reamhary of the Dutch A12 highway
served as input for the simulated road, because loop detector dateedeasthis highway were used for
the calibration of the reference situation (see below). Thalated road consisted of a 4-lane highway
segment with a 120 km/h speed limit. The total length of the segmentbout 6 km with a left lane
drop from 4 to 3 lanes after about 4 km. Except for the start hidktlee end link, each link was 500 m
and contained a loop detector in the middle. Two detectors \ddezlat 700 m before and 1000 m after
the lane drop to simulate the detectors on the A12 highway used for thataaliland validation process.
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In total 13 scenarios were studied in the ITS Modeler. Thalation duration of each scenario
was set at 2.5 hours. After about one hour, congestion set in upstr¢he lane drop. The first and last
15 minutes of the simulation runs were not taken into account in rthlysas. To simulate the
randomness of traffic behavior, ten replications per scenatiodifferent random seeds were applied.
Besides the release of vehicles onto the network, the stmcbkshents of the ITS Modeler (e.g. desired
speed) are connected to these random seeds. The evaluation nobdée$TS Modeler were used to
examine the traffic flow impacts of the Congestion Assistant. These nsquhaldde a range of indicators
for throughput and safety that can be retrieved per time inté@gl 1 minute) for cross-sections (i.e.
detectors), links, routes and the whole network.

When using a microscopic traffic simulation tool such asIft® Modeler, it is important to
check the model against reality. This was done by calibraticlgvalidating the reference situation (i.e.
unsupported driving) using loop detector data measured duringtémacain peak on a segment of the
Dutch A12 highway near the left lane drop at Woerden. Thetésttruns with the default parameter
settings of the ITS Modeler showed that the model could be imprbgeduse no satisfactory congestion
occurred due to the lane drop. The calibration particularlysied on the car-following parameters of the
ITS Modeler, since the lane-changing parameters were not fousidrificantly influence the results.
First, the constant factoc? andc3 in the equation of the desired distance headway (see Equation 3) were
estimated. Therefore, 1-minute speeds and densities (approxibyatkd ratio of flow to speed) about
700 m upstream of the lane drop on the A12 were used. A distinciermade between the desired
distance headway of cars and trucks. The data on the two nmaaéie Were used to estimate the factors
for cars, while the data on the right lane was used farkér This calibration step resulted in the
following equations for the desired distance headway:

d. =3+ 08-v+ 003-v? (car) (8)
d, =3+210-v+ 004-v? (truck) 9)

Compared to the default settings, the driver now tries to maitalarger distance headway. This
particularly agrees with congested traffic conditions in Whidvers tend to keep much larger distance
headways than in non-congested conditions [15]. As expected, test rhadTiStModeler with the new
equations resulted in congestion upstream of the lane drop. Howeigecongestion dissipated much
earlier than on the A12. Moreover, the traffic flow did not fulzover downstream of the lane drop
according to the rather low observed speeds. Therefore,atliation further concentrated on the
constant factor for the distance deviat@rin the equation that describes the desired acceleration for car-
following (see Equation 2). A higher value of this factor woutdtéase the upstream congestion build-up
and the downstream recovery from this congestion, because itenggsrasmore fierce reaction of drivers
towards deviations from their desired distance headway. Basésbt runs with several different values
and by minimizing the mean squared error for speed and flow tiatanast appropriate value of
appeared to be 0.5 instead of the default value 0.3. The traffiardein the simulation runs was based
on 5-minute flow data collected about 1200 m upstream of the lane dtbp &i2. The vehicle fleet in
the simulation runs consisted of 93% passenger cars and 7% trucks,teitthiéapercentages on the A12.
The validation of the reference situation was based onatine $ype of data as the calibration, but then
measured on another day. On both days, congestion set in aftie alehweather was good, there were
no accidents, events or holidays and the detectors were agailadblworking well. Figure 1 shows the
calibration results by speed-time and speed-flow plots basddtarfrom the A12 and the ITS Modeler.
The figure of the validation results is very similar to this one.
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FIGURE 1 Speed-time and flow-timerelations based on datafrom Al12 and ITSModeler.

It can be seen that the speed and flow data from the ITS Modeler resemble thabe #drd. In

both situations, the congestion due to the lane drop setsiniilar time (i.e. around 15:50 h) and in a
similar way (i.e. ‘sudden’ speed drop). The flow recovers &g the lane drop in the simulation runs,
reflected by lower downstream speeds compared to those obsenieel Ah2t Both the empirical and
modeled flows follow the same patterns in time, upstream asaseflownstream of the lane drop.
However, a difference is that the A12 data shows more \arititan the ITS Modeler data. This is partly
due to the underlying driving behavior models of the ITS Modelertasdalso caused by averaging the
modeling results of 10 replications. It was concluded that thbratbn of the ITS Modeler resulted in
satisfactory outcomes with respect to the onset of congestion.

IMPACTS OF CONGESTION ASSISTANT ON TRAFFIC EFFICIENCY

This section presents the impacts of the Congestion Assmtatraffic efficiency. The results are based
on speed and travel time. The speed was measured at each détdwtaretwork and aggregated into 1-
minute intervals. For travel time an average was cakdllby the ratio of total travel time to the number
of vehicles arrived at the end of the simulation. Figure 2 showaviirage speed as function of time and
location to study the onset and course of congestion on the whole neferkplots concern the
reference situation, the ‘single’ variants of the Congestissistant consisting of either an Active pedal
working from 500 m before the jam or a Stop & Go with a time @0.8 s and the ‘combined’ variant
consisting of both functions. The plots of the other variants lookasito these ones. The lane drop from
4 to 3 lanes is situated around 3250 m.
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It can be seen that the onset of congestion started atlardimie and location in all scenarios.
However, the Congestion Assistant resulted in less congestinpaced to the reference situation. The
Active pedal caused a reduction in the amount of congestion by imgrierapproaching a jam, this way
reducing the congestion inflow. However, a much bigger reductioneiratmount of congestion was
obtained by the Stop & Go. This function interfered in drivim@ijam and showed a more efficient car-
following behavior, although combined with lower downstream speeds, Bbatsfunctions had positive
effects on the dissipation of jams, but the effects due t&titye & Go were much larger. Generally, the
higher the equipment rate of the Congestion Assistant, the laeyer the positive effects on traffic
efficiency. The combined variants of the Congestion Assist@hhot necessarily lead to better results
than the single variants. In fact, the results of the combineaiwsmere very similar to those of the Stop
& Go variants. This means that the Active pedal has no adaled with respect to traffic efficiency
when it is combined with the Stop & Go.

The results on travel time show that the Congestion Assistn significantly decrease the
average travel time of a driver. For example, a 10% equipragmbf the system (variant 6, see Table 1)
leads to an average travel time of 5.0 min and a 50% equipatentor 4.3 min, whereas the average
travel time in the reference situation is 5.7 min. Assuming arage travel time of 3.4 min in free flow
conditions (i.e. speed is 110 km/h), the congestion due to the laneedid{s rin 2.3 min delay in the
reference situation. When 10% of the vehicles are equippedthdtiCongestion Assistant, this can
decrease the average delay with 30%. A decrease of up te&0%e reached when 50% of the vehicles
are equipped.

IMPACTS OF CONGESTION ASSISTANT ON TRAFFIC SAFETY

This section presents the impacts of the Congestion Assatanaffic safety. The results are based on
the percentage of hard braking and the percentage of smallThr@m®llision (TTC) values. The
percentage of hard braking consisted of the percentage of vethiatdsad a deceleration smaller than -
3.5 m/$. Hard braking indicates disturbances in the traffic flow thigiht negatively affect traffic safety.
The TTC is the time required for two vehicles to collidthdéy continue at their present speed and on the
same path. The percentage of small TTCs was expressed pgrtdemtage of vehicles that had a TTC
value smaller than 4 s. These small values generally t@fehigher accident risk. Both indicators were
based on the individual measurements on the whole network tedllat 0.1 s) and aggregated to a
network value. Figure 3 shows the percentage of hard braking in altissena

Hard braking - 10% Congestion Assistant Hard braking - 50% Congestion Assistant

I Active pedal

[ Stop & Go

[ Combination
—— Reference —— Reference
5 1.5 A

o
3

1- 14

1500m/1.0s 500m/0.8s 1500m/1.0s 500m/0.8s

254 254

I Active pedal
[—1Stop & Go
1 Combination

% Hard braking (<-3.5 m/s*2)
N

% Hard braking (<-3.5 m/s*2)
N

FIGURE 3 Percentage hard braking (<-3.5 m/s?) on whole network: reference versus single and
combined variants of the Congestion Assistant (10% and 50%).

It can be seen that the variants of the Congestion Assistantlimgla Stop & Go led to more
hard braking actions compared to the reference situation anddihe Aedal variants, although all
percentages can be considered relatively low. In these sxendue percentages of hard braking with
10% equipment rate were lower than the ones with 50% equipmenPrasumably, the Stop & Go
causes the hard braking actions as a result of its smallgap in combination with the merging process.

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Van Driel and Van Arem 12

It is expected that merging vehicles use smaller gapatédtdy the Stop & Go vehicles) than desired, so
that they will brake after the cut-in maneuver to increbee& headway again. Adding an Active pedal to
the Stop & Go decreased the percentage of hard braking, palyi@ilar50% equipment rate. However,
it did not lead to larger positive effects compared to a GiimeAssistant consisting of only an Active
pedal. The Active pedal variants resulted in a similar lefdiard braking as the reference situation,
except when 50% of the vehicles were equipped with the functionrdlegm of its setting. These
scenarios led to the lowest percentages of hard braking.
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FIGURE 4 Percentage TTC <4 son whole network: reference ver sus single and combined variants
of the Congestion Assistant (10% and 50%).

Figure 4 shows the percentage of small TTCs in all scendrsvariants of the Congestion
Assistant including a Stop & Go led to higher percentagesnall STTCs compared to the reference
situation and the Active pedal variants. Adding an Active peédalhe Stop & Go decreased the
percentage of TTC <4 s, particularly at a 50% equipment ratwetr, it did not lead to larger positive
effects compared to a Congestion Assistant consisting ofaonfctive pedal. The Active pedal variants
resulted in significantly less unsafe following situationsttiee reference situation, especially when 50%
of the vehicles were equipped with the function, regardless offitsgset

DISCUSSION

It was expected that the Congestion Assistant would lead tovegosifects on traffic efficiency due to
smooth behavior when approaching a jam by the Active pedal aoemficar-following behavior when
driving in and leaving a jam by the Stop & Go. This statementdcba confirmed, because both
functions were found to reduce the amount of congestion compared tdetlemce situation. However,
the effects of the Stop & Go were much larger than thosfeeoActive pedal. This finding corresponds to
the literature stating that particularly ACC systemshsagthe Stop & Go, can outperform manual traffic
and compensate for unfavorable human behavior [7, 16]. Combining the petilal and the Stop & Go
did not lead to larger positive effects on traffic effi@grompared to the Stop & Go alone, which was in
contrast to our expectations. The two variants of the Actidalgee. working from 1500 m respectively
500 m before the jam) hardly showed any differences. Howevertdpe&SGo with a time gap of 0.8 s
resulted in somewhat less congestion than the variant witheagthp of 1.0 s. This effect of time gap on
traffic efficiency is in accordance with what is alreddyown from earlier findings [3, 5]. The more
vehicles equipped with the Congestion Assistant, the largee W impacts on the dissipation of
congestion. The travel time results confirmed the above seghlk Congestion Assistant showed to
significantly decrease the average travel time and delay.

It was also expected that the Active pedal and the Stop & @atdwead to positive effects on
traffic safety due to a more stable and homogeneous flow. Genehédlystatement can be confirmed,
because both functions resulted in less congestion, partictherigtop & Go. For the Active pedal, this
statement can also be confirmed based on the hard braking datedndC data, which indicated safer
approaching behavior towards the jam compared to unsupported drigvwgvet, this is not true for the
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Stop & Go. This function increased the amount of hard braking anoctherence of small TTCs. This
latter finding is not consistent with earlier research RGIT[17], which showed a decreased number of
small TTCs due to a Stop & Go. However, it should be noted theait $TCs during automatic driving
are less dangerous than small TTCs during manual driving, tiacautomatic system (e.g. the Stop &
Go) can outperform the human driver, for example with respetttet reaction time. Adding the Active
pedal to the Stop & Go decreased the percentages of hard baakirsggnall TTCs, but it did not lead to
larger positive effects on these percentages compared to the petiakalone.

This study showed that especially the Stop & Go posjtivdluenced traffic efficiency. It would
be interesting to further investigate the influence of otharacteristics than the time gap on the results.
For example, our Stop & Go supported the driver without decalaraind acceleration limitations.
However, for the moment, it is expected that such systemswillestricted to a certain acceleration
range (e.g. between -3 ri/and +1.5 mA), so that sometimes the driver needs to intervene. Another
acceleration algorithm might also lead to safer braking andwolg behavior during the merging
process, especially when this algorithm includes a “coopenatdrging” application so that vehicles are
able to communicate their lane change movements. Compared toph& Gb, the Active pedal showed
smaller positive effects on traffic efficiency, althoudtede variants increased traffic safety due to a
smoother approach to the traffic jam. One reason for the snraligiput effects might be the
deceleration capacity of the Active pedal, which was résttito -1 m/& Further research could focus on
versions with a less conservative deceleration capacitya@tm like an Active brake pedal rather than
an Active gas pedal) which are expected to enhance traffic afficraore.

The simulation environment ITS Modeler was used to assessaffie flow impacts of the
Congestion Assistant. As with any model, its value largely dependthe resemblance with the real-
world. The calibration process resulted in a satisfactory fes@ee between the empirical and the
simulated traffic flow data, particularly with respect to theset of congestion. Nonetheless, further
model calibrations and adaptations are desired to improve theasonubutcomes in congested traffic
conditions, for example by distinguishing different driving behaviocongested and non-congested
situations.

CONCLUSION AND OUTLOOK

This paper presented the results from a microscopic tffialation study that was conducted to assess
the impacts of a Congestion Assistant on the traffic floseims of traffic efficiency and traffic safety.
These results are based on six variants of the system, aumsistin Active pedal and/or a Stop & Go,
that were studied at two equipment rates and compared to thencefesituation in which no vehicles
were equipped with the system. The simulated road consisted-t#ree motorway segment with a left
lane drop that caused congestion. The reference situation wastealiand validated with data measured
on the Dutch A12 motorway and showed a satisfactory resemblarcesgtect to the congestion build-
up.

All variants of the Congestion Assistant resulted irs lesngestion in comparison with the
reference situation. The system showed to compensate for theonatfi@ human behavior that (also)
causes congestion. The Active pedal smoothed the traffic flow \@pproaching a traffic jam by
inducing better anticipation behavior of the driver compared to unsiggdpdrivers. This had a small
effect on the dissipation of congestion, rather it affectedidratffety by a safer approach to the jam.
Vehicles equipped with the Stop & Go followed other vehicles nadfieiently than non-equipped
vehicles when driving in and leaving a jam by adapting smh#edways and eliminating the reaction
time of drivers. This reduced the amount of congestion and significantly dedtbéasaverage travel time
and delay.

The promising results above give rise to speeding up the furtielogenent of the Congestion
Assistant. Current research and development efforts ardynfiostised on cooperative systems that are
able to communicate with each other and the infrastructureeTestems can, for example, provide
detailed information about the traffic conditions ahead. ThevAgiedal of the Congestion Assistant is
also assumed to have knowledge of what is happening further dowpattheSuch applications will
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probably become available after 2010, when the frequency band fatevebhicle communication is
expected to be allocated [14]. Until then, the efforts should aldodused on promising autonomous
applications, such as the Stop & Go of the Congestion Assistastrmiportant to realize that the Stop &
Go had significant impacts on the dissipation of traffic jamsidw of the severe congestion problems in
many countries, it is recommended that in the short run a sygtebe developed and implemented that
serves all interests best.
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