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Isolated vs. Coordinated Ramp metering: Field Evaluation

Results of Travel Time Reliability and Traffic Impact

Bhouri Neila?, Haj-Salem Habib?® Kauppila Jari®

ABSTRACT:

Majority of management strategies today are still introduced for reducing congestion and
improving safety. As a result, the evaluation of their impacts usually focuses on congestion-
related indicators, such as total time spent, total travel distance or mean speed. However, with
the growing prosperity, consumers demand higher quality transport services, for which
reliable transport networks are central. This paper is focused on the evaluation of the ramp
metering impact based on both indices: traffic and the travel time reliability on the A6W
motorway in Paris. Three strategies are implemented, tested and evaluated. Evaluations
include more traditional traffic impacts on one hand and the travel time reliability evaluation
on the other which corresponds to the add value of this paper. The results obtained indicate

both improvement of the travel time reliability and the average travel time.

KEYWORDS: Travel time reliability, travel time, ramp metering, field test, feedback
control, ALINEA strategy, coordinated strategy.
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1. INTRODUCTION

Urban and freeway networks around major metropolitan areas have reached a high level of congestion.
Congestion has not only impact on average travel time but also on travel time reliability
(OECD/ECMT, 2007). There is much evidence that the variability of travel times may be more
important than the average travel speed in that users of the network can plan their travel accordingly if
a road is constantly congested while unpredictable travel conditions impose the greatest frustration
(FHWA, 2006; McKinnon & al., 2009; OECD/ITF, 2010; ). Indeed, drivers are used to the recurrent,
everyday congestion. They don’t like it, but they have to allow time for it. In order to ensure for on-
time arrival, drivers often build in a buffer by leaving home early enough to get to their destination on-
time. However, a more serious problem may arise when the level of congestion varies daily, making it
difficult to predict the travel time. Reducing this uncertainty or unreliability is the main focus of this

paper as travelers require consistency in their travel time.

A number of countries are looking at ways of improving the reliability of travel time while reliability
has become increasingly important part of national transport policies. A wide range of policy
instruments are available to improve reliability of transport and they can be distilled into four main
options (OECD/ITF, 2010):

¢ Increasing capacity of infrastructure, either by supplying extra capacity or improving

quality of existing one.
o Better management of existing capacity.
o Charging directly for reliability.

e Providing information to users mitigating the adverse effects of poor reliability.

It is acknowledged that many of the policy options mentioned above are already in use as congestion
mitigation policies. Indeed, growing traffic leads to increasing severity, spatial extension and duration
of congestion with two immediate consequences. One is that travel time increases on average. Another
is that travel times become increasingly variable and unpredictable. Reliability is related to this
variability in travel time. As congestion has negative impacts on reliability, one can expect that actions
aimed at alleviating congestion can also improve the reliability of the transport network. However, it

has been shown that reliability is not necessary same as congestion (OECD/ITF, 2010). It is therefore



important to evaluate impacts of any remedial action separately both for average travel time

(congestion) and for variability of that travel time (reliability).

This paper studies the reliability impact of implementing ramp metering on A6W motorway in Paris,
France. Original field trials have been performed in the European research project EURAMP
(EURAMP, 2006). Measurements of traffic volume, occupancy rate and speed as well as estimated

travel time are used in the evaluation.

Ramp metering is a specific active management measure which employs traffic lights at the freeway
on-ramps to control the traffic flow entering the motorway mainstream. It consists of limiting,
regulating and timing the entrance of vehicles from one or more ramps onto the main line. As with
many other highway policy strategies, ramp metering was originally designed to mitigate congestion
impacts. It is recognized as the most direct and efficient way to control and upgrade motorway traffic,
and a number of field tests of ramp control strategies in different countries are available showing the

benefits to average travel time (Papageorgiou, et. al, 1991).

Until recently, assessments of management strategies have not included any quantified assessment of
reliability benefits. In the recent paper, (Bhouri and Kauppila, 2011), impact of ramp metering on
variability of travel time is presented using the isolated ramp metering strategy. This paper builds on
that recent work and extends it by comparing two different freeway ramp metering strategies and
presents their impact on reliability and travel time. The ramp metering techniques considered include
the well known local ramp metering strategy, ALINEA (Asservissement Linéaire d'entrée sur
Autoroute) (Haj-Salem et al, 1990, 1995, Papageorgiou et. al, 1991) and a coordinated
startegy. ALINEA maintains locally the density on the carriage way around the critical value.
Nevertheless, due to the synergetic effect of all metered on-ramps (they interact on each other
at different time scale) a coordinated strategy could be more efficient than a local strategy.
Therefore, we also present impacts of a new coordinated strategy, which we call CORDIN, on

travel time and travel time reliability.

This paper is organized as follows: Section 2 briefly describes the used indices for the traffic

impact assessment of any management strategies. Section 3 is dedicated to the description of

the travel time reliability approaches and in particular the introduction of the definitions of a

number of reliability indices used. Descriptions of applied ramp metering strategies on the test

site are explained in detail in Section 4. Section 5 describes the test site and data used for the

impact assessment. Section 6 summarizes results from the traditional traffic impact
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assessment and reliability assessment. Finally, Section 7 draws the main conclusions of this

paper.
2. DEFINITION OF THE TRAFFIC INDICES

Among the management strategies, ramp metering has been introduced mainly for reducing
congestion and improving safety and the evaluation of impacts usually focuses on congestion related
indicators, such as average travel time, duration of congestion, mean speed, fuel consumption and
emissions and risk index (Haj-Salem and Papageorgiou, 1995; Haj-Salem & al., 2006, 2010).
However, because the focus of this paper is in the measurement of the reliability impact, we only
consider the impact of ramp metering on total time spent (TTS), total travel distance (TTD), mean
speed (MS) and travel time (TT), which are closely linked (but not the same) to variability of travel

time. The following summarises definitions for different traffic indices.

Total Time Spent (TTS) expressed in vehicles times hours (vh*h) is defined as:
K N
TTS =T > /i (K)A, )
k=1 i=1

where [{ measures the density of the segment i, T is for the real data collection time slice, {is the

distance between two measured stations (i-1) and (i), N is the number of the measurement stations and

K is the time horizon.

Total Travel Distance (TTD) expressed in vehicles times kilometers (vh*km), in turn, is defined as:
K N
TTD =T > Q, (k)A, (2)

k=1 i=1

Where Qj is the measured traffic volume of the station i.

Mean Speed (MS) is expressed in kilometers per hour (km/h) and is defined and TTD/TTS.



Measurement of Travel Time is generally performed using a campaign of floating car surveys.
These campaigns are, however, very expensive and could be replaced (when the site is fully
equipped) by the use of the floating car algorithm. Moreover, several definitions of the travel
time exits such as instantaneous travel time which is extensively used in France for the
collective user information system (travel time display); generalized travel time which is
defined as: L/MS where L is the total length of the motorway path; weighed travel time; and
predicted travel time (DACCORD, 1998), (Van Lint & Van der Zijpp, 2003).

In this paper, the travel time calculation was based on the application of the “floating car”
algorithm using the real speed measurements of consecutive measurement stations on the
motorway axis. The “floating car” algorithm consists of propagating (in space and time) a
“fictive vehicle” for each time interval (At) of the real data collection (see Figure 1). The
position of the vehicle is updated each At using the speed measurements of the next
measurement station. Consequently, as soon as the time interval of the real data collection is
lower, higher the accuracy of the travel time estimation becomes. In our case, the time
interval is equal to 6 min and the mean distance between two consecutive measurement
stations is around 500 m. In order to taking into account the higher time interval, the “fictive
vehicle” is propagated using several speed measurement of the consecutive stations during the
same time interval (At= 6 min). This approach tries to minimise the predicted travel time
estimation errors. The travel time index will be used extensively for the reliability evaluation

as reported in the next section.
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Figure 1. Algorithm for the Travel Time estimation

Congestion mapping consists of drawing of the iso-occupancy curves in space and time using
the occupancy measurements of all installed loop detectors (space) and real data collection
time slice (6 minutes).

3. MEASUREMENT OF RELIABILITY

A recent literature review on transport reliability (OECD/ITF, 2010) reveals a number of
ways in which transport reliability has been defined and proposes another definition.
According to that definition reliability is “the ability of the transport system to provide the
expected level of service quality, on which users have organized their activities”. Indeed, a
useful definition recognizes that network users time their actions according to expected
network performance. The less predictable the network performance is, the greater the in-

vehicle frustration; and greater the costs on personal and commercial schedules.

Measures of unreliability are important for identifying possible problems in the network
performance.

When monitoring reliability, it is important to distinguish between the network operator
perspective and user perspective. For the network operator, the focus is on network quality
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(what is provided and planned), while for the user, the focus is on how the variability of travel

time is experienced.

Indeed, several definitions for travel time reliability exist and many different, but relevant,
indicators have been proposed, with also several shortcomings. Here we use the same
breakdown as presented in previous studies and divide these measures into four categories
(Lomax et al., 2003 and Van Lint et al., 2004):

1. Statistical range methods.
2. Buffer time methods.
3. Tardy trip measures.

4. Probabilistic measures.

1 - Standard deviation (STD) and the coefficient of variation (COV) show the spread of the
variability in travel time. They can be considered as cost-effective measures to monitor travel
time variation and reliability, especially when variability is affected by a limited number of

delays and when travel time distribution is not much skewed. Standard deviation is defined as:

[
| 1

STD = ﬂJEExE TT,—M)?
3)
while coefficient of variation is written as :
r— 310
cov =~ (4)



where M denotes the mean travel time, TT; the i " travel time observation and N the number

of travel time observations.

A further consideration to use the standard deviation as a reliability indicator derives from
recent studies that recommend defining travel time reliability as the standard deviation of
travel time when incorporating reliability into cost-benefit assessment (Fosgerau et al., 2008).
As a result, standard deviation is used to measure reliability in few countries where guidelines

for cost-benefit assessment include reliability.

2 - The buffer methods are focusing on “the extra percentage of travel time due to travel time
variability on a trip that a traveler should take into account in order to arrive on time”. These
types of indices, especially the Buffer Index (Bl) appear to relate particularly well to the way
in which travelers make their decisions. It is defined as the ratio between the buffer time (BT)
and the average travel time. Buffer time (BT) is defined as the extra time a user has to add to
the average travel time so as to arrive on time 95% of the time. It is computed as the
difference between the 95th percentile travel time (TT95) and the mean travel time (M).
Hence, Buffer Index is calculated as:

_ BT TTg-M

Bl M M 5)

The Buffer Index is useful in users’ assessments of how much extra time has to be allowed for
uncertainty in travel conditions. It hence answers simple questions such as “How much time
do I need to allow?” or “When should | leave?”. For example, if the average travel time
equals 20 minutes and the Buffer Index is 40%, the buffer time equals 20 x 0.40 = 8 minutes.
Therefore, to ensure on-time arrival with 95% certainty, the traveler should allow 28 minutes

for the normal trip of 20 minutes.

Planning Time (PT) is another concept often used. It gives the total time needed to plan for an

on-time arrival 95% of the time as compared to free flow travel time. The Planning Time



Index (PTI) is computed as the 95th percentile travel time (TTs; divided by free-flow travel

time (TTf:"aa_f!m-;)

TT,e

PTI = (6)

T Tf ree _flow

For example, if PTI = 1.60 and TTy,., (., = 15 minutes, a traveller should plan 24 minutes

in total to ensure on-time arrival with 95% certainty. As these indicators use the 95-percentile
value of the travel time distribution as a reference for the definitions, they take into account

more explicitly the extreme travel time delays.

3- Tardy trip measures indicate unreliability impacts using the amount of trips late. Indeed, if
travelers only use the average trip time for their travel plans, they will be late to half their
destinations and early to half (in round numbers). A Misery Index (MI) calculates the relative
distance between mean travel time of the 20% most unlucky travelers and the mean travel

time of all travelers. It is defined as

‘HITT[}TTBD —M

MI = - (7)

where TT, is the 80™ percentile travel time.

4 - Probabilistic indicators (Pr) calculate the probability that travel times occur within a
specified interval of time. Probabilistic measures are parameterized in the sense that they use
a threshold travel time, or a predefined time window, to differentiate between reliable and
unreliable travel times. Probabilistic measures are useful to present policy goals, such as the
Dutch target for reliability, according to which “at least 95% of all travel time should not
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deviate more than 10 minutes from the median travel time” (Van Lint et al., 2008,

Wakabayashi & al, 2009). This can be presented by the following equation:

Pr (TT; = B + TTg) 8

Equation (8) calculates the probability that travel times do not deviate by more than £ minutes

the median travel time. Parameter 5 can be given any value. For example, 5=10 minutes for

routes less than 50 km in the Netherlands and is used in this paper.

4. DESCRIPTIONS OF CANDIDATE STRATEGIES

During the field assessment of ramp metering strategies, within the framework of the
European Project EURAMP work plan (EURAMP, 2006), three adaptive control strategies
were implemented: two local strategies, so called ALINEA and Variable Cycle ALINEA
(VC_ALINEA), and a new coordinated strategy (CORDIN). In this paper, we omit
VC_ALINEA results due the similarity with ALINEA. Consequently, the presented results
are focused on ALINEA and CORDIN strategies.

1.1 Isolated traffic responsive strategy: ALINEA

ALINEA is based on a rigorous feedback philosophy (Bhouri et al., 1990; Haj-salem et al., 1990,
1991, 1995, Papageorgiou et al., 1989, 1991, Smulder et al., 1991). Since the main aim of ramp
metering is to maintain the capacity flow downstream of the merging area, the control strategy for
each controllable on-ramp should be based on downstream measurements. ALINEA, which was
developed by the application of the well-known methods of the classical feedback theory, obtains the

following form:
I = ’;(-1+K(O*' Ok) (11)
where rk and rk-1 are on-ramp volumes at discrete time periods k and k-1 respectively, Ok is

the measured downstream occupancy at discrete time k (the Ooy in Figure 2), O™ is a pre-set
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desired occupancy value (typically O is set around to the critical occupancy) and K is a
regulation parameter. The green light duration is computed as the ration between ri and Qgat

(G= r /Qsat,) Where Qggat Is the maximum observed on-ramp flow (typically Qsat =0.5 vh/s).

ya

OH _
out - >

0 Oout (%0)

A (]_

Figure 2. ALINEA description

1.2 CORDIN: Coordinated Control Strategy

The coordinated strategy is based on a heuristic approach. The main philosophy of this strategy
consists of using free upstream on-ramp capacities in case of downstream motorway congestion. This
philosophy is similar to the coordinated strategy HERO suggested by (Vong & al. 2009, Papamichail
& al., 2010). However, the particularity of this strategy concerns the requirement of on-ramp
measurement stations. In particular, no additive on-ramp measurement stations are needed and only
the existing on-ramp measurement stations are used. This means that the on-ramp queue management
is reduced to the released control constraint measurements only. The bloc diagram of the implemented

coordinated strategy (CORDIN) is depicted in figure 3.

The following computation steps are applied:
1. Apply ALINEA to all controlled on-ramps, compute the ALINEA splits U, = GaLinea/Cycle
(U <1, Uy = 1 means that traffic is fluid).

2. Find the location of the head of the congestion by testing if the first on-ramp (r;) where

ALINEA is active (U, < 1) and the gueue constraint is not active.
3. For every Upstream on-ramp ry, = ri+1, .., Nb_Ramps:
IF the queue constraint of the on-ramp (r,,) is NOT active
THEN correct the ALINEA command according to:
11



IF ryp=ri+1 THEN Uy =01, Uy
ELSE Ucor =01, Uy for the other upstream ramps,
where (V) and (V,) are parameters to be calibrated,;
OTHERWISE do nothing.
4. Apply the new coordinated control sets on the field.

5. Wait until the next cycle time and Go to step 1.

Application of ALINEA at the central level:

Computation of the control law of ALINEA

Ual
Based rule

coordination COORDINATION:

Stratesv

Identification of the head of the congestion

Modification of Alinea control set of the
downstream on-ramps according to:

Real data

New U,.q sets for X
collection

all on-ramps
P for the cycle

1

1

1

Signal light activation with the new cycles ]
(Uccora) !

1

1

1

1

Figure 3. Bloc diagram of CORDIN strategy

For each control strategy, the characteristics of the cycle time are the following: cycle
duration = 40 Sec, Max_green= 30 sec, Min_green =10 sec, Amber= 5 sec. These durations

have been found in previous field trials as an optimal solution (EURAMP, 2007).

aH= 0.8 ay= 0.75
o T T Master
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Figure 4. Example of CORDIN parameters

Based on the cycle characteristics, the (o, o) CORDIN parameters are fixed as follows:
o,=Max_green/Cycle= 30/40 = 0.75 and o, = 0.80. The o, parameter is fixed arbitrary in
order to less penalize the user of far upstream on-ramps. Figure 4 depicts one example of the
applied correction parameters (a1, o) after the detection of the congestion head (MASTER

on-ramp).
5. TEST SITE AND AVAILBLE DATA DESCRIPTION

The reported field trials have been conducted within the framework of the European Project
EURAMP work plan. They have been designed and carried out on the France test site aiming
at the traffic impact assessment of coordinated and isolated ramp metering strategies. Field
trials include a comprehensive data collection from the considered network (A6W motorway)
over several months with isolated and coordinated ramp metering strategies (EURAMP,
2006).

The motorway section (A6W) of the French field test (see Figure 5) comprises 5 on-ramps
(Chilly-Mazarin, Savigny, Viry, Grigny and Ris-Orangis) which are fully equipped with
signal lights and loop measurement stations. The total motorway length is around 20km. This
motorway section is fully equipped with traffic flow, occupancy rate and speed measurement
stations roughly every 500 meters. The controlled ramps include two measurement stations
each. The upstream one is used to detect surface intersection blocking, and the downstream
one is used by the on-ramp metering strategy. The considered test site is the most critical area
of the A6W motorway toward Paris. Morning and evening peak congestions are observed

over several hours and several kilometers.

13
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Figure 5. A6W Field test site.

The candidate control strategies were applied over alternate weeks over the period from the middle of
September 2005 until the end of January 2007, after which comparative assessments of the traffic

impacts were performed.

Full 140 days of collected data were extracted from the database of the traffic management
system. Screening the collected data was firstly necessary in order to discard days which
include major detector failures. Secondly, all days with atypical traffic patterns (essentially
weekends and holidays) were discarded. Finally — and in order to preserve comparability — all
days that involved significant incidents or accidents (according to the incident files provided
by the police), were also left out. This screening procedure eventually delivered data for 11,

10 and 9 days for No control, ALINEA and CORDIN strategies respectively. In order to
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minimize the impact of demand variations on the comparative process, the selected days were

averaged for each strategy.

6. EVALUATION RESULTS

1.3 Traffic Impact Results

Table 1 reports results of the selected traffic indices of the overall network (carriage way and
on-ramps) during the time period of 6h-11h. Compared to the No control case, the CORDIN
strategy presents a better performance than ALINEA. As a matter of fact, with same Total
Travel Distance (TTD) than the No control case, the Total Time Spent (TTS) index is reduced
by 12%. We can underline that the time period considered covers a fluid traffic condition at
the beginning (6:00-6:30am) and at the end (10:00-11:00am) of the period. Investigation
between 8:30 and 9:30 where the ramp metering strategies are continuously active indicated
that all traffic indices are improved. Compared to the No control case, these improvements of
the TTS were 12% and 21% and for the TTD +0.1% and +2% for ALINEA and CORDIN

respectively.

NC ALINEA | CORDIN | ALINEA CORDIN

TTS (vh*h) 1399 1263 1231 -9.8% -12.0%
TTD (vhi*km) | 6266 6141 6260 -2.0% -0.0%
MS (km/h) 51.7 53.9 57.3 4.3% 10.9%

Table 1.  Motorway Traffic impact indices (6h-11h)
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Figure 6 depicts the congestion mapping of A6W motorway. This figure represents the iso-
occupancy curves in space and time for all candidate strategies: No Control, ALINEA and
CORDIN. The different colors represent the level of the congestion (eg: green - 0 < occ<
11%: fluid, yellow: dense — 11 < occ < 21%). We can observe that the head of the congestion
is located at Savigny on-ramp at around 6h30 am and spill back to the downstream Viry on-
ramp and Grigny. The qualitative assessments of the congestion area are in favor of CORDIN

and confirm the quantitative results of the TTS indices.

0) 10 1 12 7 8
D 11% - 21% . 21% - 26% . 26% - 32% . 32% - 100%

7 8
. 0% - 11%

Figure 6. Congestion mapping of the 3 strategies

With respect to the Total Travel Time, Figure 7 depicts the gain evolution in space in term of
the mean travel time index. The space is subdivided in five points and corresponding to the
on-ramps locations. The CORDIN strategy gives better results than the isolated strategies. As
far as the travelled distance increases, the gain in term of mean travel times increase also.
The maximum gain of 17 % is observed for the CORDIN strategy.
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Figure 7. Mean Travel Time Benefit (%) of the candidate strategies by on-ramps

The above results on traffic impact are in favor of the implementation of coordinated ramp
metering strategies. Traffic conditions can be significantly improved with less effort in terms

of measurement installations, compared with the isolated ramp metering strategies.

In the next section we turn our focus on the evaluation of reliability. While for measuring the
traffic impact we used the mean travel time overall on the selected days, for the measurement
of reliability, the evaluation is based on the predicted travel day by day in order to point out

the variability.

1.4 Travel time variability

In this section, we study the impacts of ramp metering strategies on travel time variability.
The overall results can be seen in Figure 8, which compares daily travel time variability
between the three tested strategies No-Control, ALINEA and CORDIN respectively (Bhouri
and Haj-Salem, 2009). First observation is that, in addition to the improvement of the average
time, the travel time variability is reduced by using ramp metering control strategies.
Secondly, there are no significant differences on the daily travel time variability between
ALINEA and CORDIN strategy.

17
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Figure 8. Comparison of results between the three strategies

Table 2 includes the travel time variability for the two tested ramp metering strategies:
ALINEA and CORDIN with a reference to No Control case. Applying ramp metering strategy
at the five on-ramps of A6W motorway improves reliability by 24-37%, depending on the
indicator used. Results are consistent in the direction of change with, however, variation in the
size of the impact. The wider the travel time distribution, the less reliable travel times are. As
indicated in Table 2, overall the spread or variation (STD or COV) of the travel time
distribution becomes smaller (more reliable) when applying ramp metering. The Misery Index
(MI) indicates that 20% of the most unlucky travelers experienced a travel time 76% worse
than the average travel time in case of the No-Control. The index was reduced to 53% and
58% in case of ALINEA and CORDIN respectively. Probability index (Pr) shows that,
without active management, 28% of users experience more than 10 minutes of delay as
compared with the median travel time. Again, ramp metering reduced this to only 18% of
users when ALINEA was applied.

18



Category Acronym No Alinea Cordin Gain Gain
Control Alinea Cordin

Statistical STD (sec) 706 463 456 34% 35%

cov 46% 35% 36% 25% 22%

Tardy Trip Ml 76% 53% 58% 31% 24%

Probabilistic Pr 0,28 0,18 0,21 35% 24%
(TT>TT50+10mn)

Buffer Index Bl 98% 62% 67% 37% 32%

PTI 377% 270% 265% 28% 30%

Table 2. Statistical indicators

While the results between the coordinated strategy and ALINEA are rather similar, the specific
characteristics of each measure results in variations of findings between different indicators. For the
policy maker, the variation in findings presented above can be problematic. We can only draw an
overall conclusion of that ramp metering seems to reduce variability in general. The results are also
difficult to communicate to users of the network who are more accustomed to making decisions based

on time (minutes), rather than on percentages.

In the following, obtained results on the average Travel Time (TT) are discussed based on the Buffer
Time (BT) and Planning Time (PT), in minutes. Table 3 shows that a user who plans to arrive at his
destination on time, with 95% certainty, during the morning peak period on the A6W has to take into
account the mean travel time of 25 minutes, and add another 25 minutes as a “buffer” to ensure on-
time arrival (in No Control case). Hence the actual travel time during the morning peak is doubled due

to uncertainty and variability in travel time.

However, when introducing active management through ramp metering (ALINEA or CORDIN),

user’s planning time is reduced by 14 minutes, with the total time needed for the trip declining from
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50 to 36 minutes. The main improvement from the user perspective comes, indeed, from reduced

variability in travel time while the mean travel time only improves by 3-4 minutes. For the average

travel time, the improvement is slightly greater with the coordinated strategy than ALINEA. However,
from a reliability point of view, the observed gain of ALINEA and CORDIN strategies are similar.

TT BT PT
Gain (%) Gain (%) Gain (%)
(min) (min) (min)

No-Control 25.4 Fokk 25 Fokk 50,4 Fkk
ALINEA 22.3 12 13.8 44.5 36.2 28
CORDIN 21.2 17 14.1 43 35.3 30

Table 3.  Travel time, buffer time and planning time

The above data are illustrated in Figure 9 showing the spread of the travel time for the No-
Control case, ALINEA and CORDIN. The figure clearly shows how the tail of the travel time

distribution is shortened and the buffer time is reduced when ramp metering is in use. Figure

9b also illustrates that there are no significant differences between coordinated strategy and

ALINEA.
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Figure 9(a). Reliability indicators for ALINEA and No-control cases
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Figure 9(b). Reliability indicators for ALINEA and CORDIN cases

Figure 10 depicts the difference between congestion and reliability by time of day. As the morning
peak starts at around 6 am, travel time increases sharply from around 17 minutes to over 35 minutes
by 6:42 am. It remains at this level until 9 am, starting then slowly to decrease until, at around 10 am,
it has reached almost the pre-peak levels. At the congestion onset, the unreliability of travel time also
increases rapidly, and the buffer time grows from 4 minutes at around 6 am to 14 minutes by 6:42 am.
However, in contrast to travel time, the buffer time continues to increase all the way until 10am,
finally reaching nearly 22 minutes. This may be explained by the fact that, during peak congestion,
travel is consistently slow; whereas as congestion dissolves travelers are faced with more variable
speeds affecting travel time distribution, including extreme observations at the tail end of the

distribution.
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Figure 10. Congestion and reliability

Finally, a comparison of the travel time reliability given by the three strategies (Figure 11)
shows a gain in the intensity and the duration of the perturbation when a ramp metering
strategy is applied (ALINEA or CORDIN). At 10:30am, a traveller needs to add nearly 2.6
times more time, compared with the free flow travel time, to ensure on-time arrival in 95%
when no ramp metering is in use. In comparison, a traveller needs to add only 1.25 times the
free flow travel time at the same time when the coordinated strategy is applied. Although we

observe small differences between the two strategies, they do not seem to be significant.

To summarise, the results on both traffic and travel time reliability evaluations suggest that

ramp metering strategies impose a significant improvement in traffic conditions.
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Figure 11. Comparison of Planning Time Index for the three strategies

7. CONCLUSIONS

In this paper we have conducted an analysis of the performance of both isolated and
coordinated ramp metering strategies using real data measurements. In particular, in addition
to the traditional assessment of the traffic impact we also assess and the impact of ramp
metering on travel time reliability. Our results suggest that travel time reliability can be
incorporated into assessment without any significant difficulties providing additional

indication of the effectiveness of different measures for traffic management authorities.

Reliability of travel time is increasingly recognized as an important factor to be accounted for
in an assessment. Indeed, we find that applying ramp metering on a French motorway A6W
significantly improves, not only the average travel time, but the reliability of travel times and
hence reduces the time needed for a traveler to ensure on-time arrival. While the average
travel time is improved by 3 minutes, the buffer time is reduced by 11-12 minutes.

Furthermore, the obtained results indicate that the coordinated strategy is more efficient in

terms of total time spent on the motorway than the isolated strategy. With respect to the

reliability, there are no significant differences between the two strategies on the main
23



motorway axis. Compared to the no control case, both traffic responsive strategies reduce the

variability in travel time by 24-37% depending on the measure used.
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