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ABSTRACT

This paper discusses the experience with ramp metering in the Netherlands. Different types of
coatrol strategies are applicd in different siluations. For instance, ramp metering can be used
10 foree the drivers 1 use a different on-ramp, or it can be used to smoothen the merging
process

The most recent completed study concerns the effects of the ramp metering system located on
the on-ramp near Zoetermeer along the A12 motorway, just upstrzam of a pomt causing
recurrent congestion during evening rash-hour.

We investigated the effects of ramp metering on a vaniety of measurable quantitics. Exumples
are: travel times, volume distribution, queue formation and rad-light running on the on-ramp;
rat-runming on the surrounding network: travel times, congestion and capacily on the main
roadway,

Results due to ramp metering are. for instance, a 3% gain i capacity of the downstream
bottlz-reck and a significant reduction of severe congestion.

Apart from this study, we will report on ramp metering evaluations near a tunnel in the
Amsterdam ring road. o the A13 near Delft and on the still on-going evaluation study of
ramp metering along the ring-road A10 arcund Amslerdam, Upsiream from the Coentunnel
four ramp metering systems have recently been realised on four adjacent on-ramps. The
evaluation study aims at ‘nvesiigating the differences belween a number of contrel sirategies.
of which some are local strategies, some others are coordinated control stratogics,
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1 RAMP METERING IN THE NETHERLANDS

1.1 Introduction

Trallic metering on on- TUTPS 18 & growing ‘industry” in the Netherlands. Some instzllations
bave already beer. operating for some years. At present, 8ix on-remps are equipped with ramp
metering installations; another :s in the pipeline and plans are being made for a score of
installations.

For every realisation, extensive evaluation studies have been carried out. Each involving the
measurement and analysis of a considerable number of quantities. This paper desuribes the
Duich ramp melenng systems uand the evaluation methods used so far. Descriptions ol the
sites equipped with ramp metering will be given in the next scetion. Although we review the
several studies, pictures are only presented for the Zeetermeer study, Lhe most recent one,

1.2 General objectives and site description

Ramp metering 1s generally used to improve the level-of-sarviee on the main rondway, by
foreing the in-flow of traffic to attain a mote favourable pattern. Condilion for instaliing
Tamp matering is, of course, that congestion is caused by traffic mounting on the main
roadwiy at the on-ramp concemed.

In the Netherlands, ranp melering operates roughly along one of two approaches:

* Limiting the traffic flow on the on-ramp to some value
This is the solution in ¢ases where trallie, irying 1o circumvent the mayor part o7 the
gueue on the main roadway, mounts on as far ahead as possible, i.e closest to the
botzle-neck.
Ramp metering on this ramep leads 1o a reduetion of (unwanted) traffic on the urban
network. The effect can be characterised as spreading the traffic over the different
adjacent on-ramps: ‘space-spreading’,

Sires

The on-ramp on the AL0 ring road around Amsterdam, just before the Coentunnel.
Very recznily, three other on-ramps, adjacent to the one just mentioned, have been
equipped with ramp nieters. The project is part of the DRIVE II project V20
EURQCOR (Furopean Urban Corridor Control).

In the near future, the on-ramp near Vianen on the A2, south of Utrecht, north-bound,
will be cquipped.

- Smeothing the on-ramp flow
This 1s a more friendly way of metering. Condition is that ramp metering should net
©ause severe congestion on Lhe surrounding network. The on-ramp flow on a time-sc
of several minutes is not affected/reduced. but the peaks in the minute-Mows are cut o
‘Time-spreading” s a short-hand way to characterise the control strategy,

Sires

The on-ramp near Delll on the A13 from The Hague in the direction of Rotterdam.
The on-tamp near Zoetermeer en the Al2 from The Hague in the direction of Gouda
and Utrecht

Common properties
- Red-yellow-green tratlic ights, with o design that difters irom the standard traffic
lights.
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- Only oo car per green period is allowed 1o mount on 1ae main roadway. Traffic
properties (flows and speeds) are mezsured 300 m upstream of the merging pont end
500 m downstream, as well as on the on-ramp.

1.3 Effects
The effects aimed for are shortly indicated as follows:

Travel time / delay time / sperds: improvements, mainly due to congestion prevention.

Flow: increase of the net flow throngh the network. main'y due to less congestion,

Capacity: a slight increase of capacity, caused by favourable driving behaviour.

: less congestion on the main roadway.

Rat-running; the problem that is tackled in the space-spreading contiol strategy, bul a

pessihle negative side-elTect in the rime-spreading strategy.

. Redistribution over neighbouring on-ramps: f required. tads 1s a positive efeer; i tot, it
is called mi-running.

. Shock waves and other disturbances: a reduction in shock w

conditions.

s, yielding better driving

L.4 Control strategy
The core of the control sizategy is described as follows. Intznsity and velocity are measured

upslream and downstream from the merging point, as well as on the on-ramp, Every lane is
mezsured separetely; the values for the whole carriage-way are calevlated from this by means
of a weighted average.

The algorithm must make two decisions:
1) whethzr the machine should switch on or off,

2) what the eyele time of the contrel strategy should be, whilst metering.

1) Metermg or not depends on the intensity and velocity upstream and downstream of the
merging point, on the main roadway us well as on the on-ramp (e.iz. metering a small
oc-ramp flow does nol make sense). When both carriage way mtensities are above their
respective thresholds, or bath velecities are below their respective levels, the installation
switches on. For switching off, lower threshold intensitics and higher shresaold
wvelocities are used (of. hysteresis).

In order to preveal switching off and on too often (blinking), the measured quanritics
are led through an exponentially-smoothing filter,

=]

Seen from the noint of view of the main traflic stream, the intensity of traffic merging in
from the on-ramp should be mited

1

ranp

=C

Where [ denotes intensity or flow, and C capacity. From this “maximum’ on-ramp flow,
the corresponding cycle time 1 caleulated. knowing that every cycle nne car will merge
(for every lane on the on-ramp). Anether eycle tinie is caleulated from the on-ramp vol-
ume Lo Theeyele time T, used in operation is a weighted average

+ 07

sasmplrzmp

Ly —

These formulas concern smoathed values, the eyele-tme is adjusted in a step-wise
manner o a new value, The weights « and A, set by an operator, can take values from
zero to unity. The weight b ol the on-ramp intensity, for instance, may be 52t 1o zero.
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The durations of green dnd vellow light are vehicle dependent, as the transitions Lo
yellow and red, respectively, are determined by the passages of the vehicles over indue-
lion loops just alter the halum:hm. Counting \mh rule-of-thumb values of these
durations. the only way the cycle-time can be controlled is through the rad light period

Clearly, the algorithm contains a lot of parameters for thresholds and smoothing, ere, The
mast important parameter 1s the capacity of the main roadway, This parameter is set by the
operatar; the installation does not try to estimate the current capacity from measurements, us
is the case for ramp metering near Birmingaam. England. The ALINEA control strategy,
applied en the Boulevard Périph&erique of Paris, for instance, is implemented in some Dutch
installations, as an elternative control strategy.

For the time-spreading control sirategy, lower level measures are taken with respect to the
situation vn the en-ramp sod on Lhe surroundiog nelwork, and also Lo prevent strange
situations as controlling m absence of on-ramp iralfic. Mosl imperlanl is the congestion
detection at the beginming ol the ramp. The space-spreading stratery does not involve this
event, but the time-spreading does. If traffic halts at that point. the cycle time is set (o its mini-
mum, regardless of the situation on the main roadway. With this minimum cycle lime, a5
much traffic as possible iz put through without switching off the lights,

Another measure taken en the ramp is the correction for red-light infringements, effectuated
during subsequent cycles,

For zeasons of management and evaluation, relevant data is logged every minuteon a
microcompuler, present in the road-side unit, or in a remote control room. Data includes lance
counts, red light infringements. smoorthed data and cycle times.

2z MEASUREMENTS

2.1 Dates and times

The situarion with ramp merering is to be compared with rhe siruation without ramp metering.
Rule-oi-thumb arguments reguire 2 number of 15 days for either situation in erder to average
oul the duy-to-day va onin traffic denand,

In the case of space-spreading control strategies a learning eilect may occur: shortly after
installing ramp metering. the route choices of the public will alter only slightly. After a few
months, the routes will be chosen according to & new equilibrium, where perccived Lravel or
delay time are the criteria of the individual driver.

As long as the route chowes are a0l allecled, a different scheme can be followed, whers the
tallation s alternatively switched on and off. This can be done on a dayly or a weekly basis.
*Switched on’ means that the installation starts metering if the tratfic conditions meet the
criteria described in the previous chapter. Onz should consider the entire day or fixed part of
thedzly. and not only the time intervals during which the system is active: periods from ‘off-
ays’ comparable to the active intervals can not be found.

Data is collected during a period that includes evening rush hour, It is important to start
measurng before the start of any conwestion. At Zoetermeer the ime interval was taken from
4 pm until 7 pm. The current study en the ving road around Amsterdam starfs carlier, as the
problems start earlier
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The fizld werk has to be carricd out during representative days. The sclection has 1w be donce
very carsfuily. Mid-wintzr, Christmas, Easter holidays, Summer holicays etc. should be
excluded. One aso 10 he an the alert for strikes in public transport or ozherwise, leading to
anomudeus traffie volumes, and of course Tor road constructions nearby. Ocgurrence of
incidents also makes the data useless for the analysis of the subtle effects ol ramp metering.

Tratfiz conditions are yuite different when it is raining, or when tie pavement is wet. The data
collected during these monients or days can not be compared with data obtained on dry days,
In general there are very lew rainy days enyway,

228

fes
We give a more detailed overview only for the Zostermeer sitnation, see Fipure 1.

Grantmij

Figure 1 Layoul of the tamp at Zoetermeer, "TD1 = Tosrtdosesrmstcllatie = ramp metering installation
Stopstreen’ = halting line. “Teerit vol’ = ranp Gull.

Motorway data for the evaluation near Zostermeer is collected by [ive systems at the road side.
For Delll (A13), as well as for the present study on the A10. date was/is used from the
Motarway Control and Signalling System {(MCSS), with induction loops every 500 m, During
the Delft study and the Zoetermeer study, exlra modules for collecting incdividual vehicle dare
were uilt in.
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On-ramp data is taken from tie log files of the mstallation (minute counts and minute
averaged velocitics). One of the entries in the lopping cenceras the number of red-light
infringements. an indication of the degree of acczprance.

Dala on quening is collected by (human) observers, At Zocrermeer and Delll this was
rastricted to travel times and queue lengths on the on-ramp, near the Coentunnel in Amster-
dam zlso the gueues on the main roadway and the surrounding network are observed. as well
as counts of the different dircetions on seme relevant intersections,

Tn addition. on the A0, a license plate survey isiwas carried out for measuring the avel times
from the on-ramps to the end of the study area.

2.5 Viden
Tn order to capture the effects on the drivers” merging behaviour, video camera’s were used
during the evaiuaton near the Coenlunnel and near Delft.

This chapter briefly indicates the methods that have been used for the evaluation.
Throughout the study, it is important to distinguish both the systems’ functioning and its
effccts on the on-ramp, and the effects on the main-roadway rraffic,

First of all, an accurare data selection has Lo be done. for arguments we already mentioned in
section 2.1,

Part of the data selection s that we Lhave to make sure that the main roadway intensities are
i-Lo-day variation during fore- and after-situation has to be the same.

on the main roadway. Effects on the intensitics on the on-ramp, however,
have to be analyzed. These include both wanted and unwanted effects.

For the capacity, the data is classified zecording to intensity, For cvery intensity, the prohabi-
lity that congestion necurs is determined. Tse is made of the parallel between this problem and
survived amalysis. 1 a cerlain intensity does not lead to congestion within 10 to 15 minutes, it is
classified as o ‘surviving’ j.ntensity The time scals on which the traffic intensity pattern is
correlated is of about S minutes (Ref. 5), Independent intervals (in this respect) are those with
a longer duration. 10 or 13 minutes will do. ‘Dying’ intensities arz ten- or fif

counts for which the next interval shows congested trallic, while at sites fusther downstream
taere i no congestion, We deline annterval to show congestion if the average velocity is
below 80 kmh (50 mph). From this probability distribution (see next chapter for an exampic),
Lhe capacity can be defined in several wavs. We define it as the intensily where the congestion
probability equals one half. This isa way of defining the precrical capacity. Note that in
general this 15 less than the highest observed intensity in the fundamertal diagram.

The velocities on the motorway are aggrezaied to o 10-minu:c level, Next, an aggregalion siep
i arried vul through all days in the fore-situation: e.g. the average over all days of the
velocily between 4 pm and 4.10 pm is caleulated
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Fram onc-nuinute averages for the veloeitics, 1t is possible o estimate the travel Lime [or a
moiorway stretell, This scoms in any case reasonable for a stratch of about 300 - 504 meter:
this is roughly the correlation length. A chain of measuring sites, spaced 500 m, along a stretch
of the road, ellows an estination of the travel time over the whole streteh. The estimate
remains reasonable when the spacing is taken longer (Ref, 5)

When a clear skifl in route cholces is expected to occur, a relevant quantity is the fotal
travelled in the network. Near Zoetermeer, the effects remain Iocal, so we did not investigate
travelled distance. For the Al0 around Amsterdam, however, it is important to investigate
tais effect, for the spuce-spreading character of the control stratogy dircetly affects the
distance travelled.

On the on-ramp, queue lengths and travel times are mportunt quantities. Important is the
‘obedience’ of the public: red-light runners are counted.

Incidental red-light running does no harm; when it oceurs too often, measures should be
considered for upholding.

On a microscopic scale, the difference between metering and not metering can be destillated
from rhe relation hetwzen subsequently passing vehicles. Two phenomena can be identificd
here. First the follow-up times or headways, where cspecially series of short zaps (r < 0.6 s are
important. These contribute to the occurrence of shock waves. As the first car ol a serics has
to sucdenly Iower its speed, the combinatior: of accumulating reaction limes and accumulating
correclions towards safe distances, leads (0 a sharp drop i velocity. With high enough
density, this disturbanes propagates backwards tarough the traffic, and often has tac
character of a shock wave.

Both shock waves and headways are analyzed from the individual vehicle data, collected by
the electronie road-side equipment.

4 RESULTS

Tn this chapter we present the main results obtaired from the evaluation studies. Fora
cescription of the methods usad in the analysis, we refer to the previous chapter.

4.1 Macroscopic effects

Queues on main roadway

The evaluation study near the Coentunne: does nol show
main roadway, cither for the lengths or [or the duration.
Near Delfl, the amount of queues has been dramatically reduced: with 95
The Zoctermeer study shows anly a slight decrease, bura T improvement in the sense that
congestion less often means ‘lining up”. Without ramp metering the tratfic pats ‘jammed’, with
rump metering it keeps flowing, although at a considerably reduced speed.

lear effects for the queuing on the

Queues ou rawp and surrounding network
Wear the Coenturmel, the redistribution of queues has settled down. as could be expected
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Newr Zoctermesr, the quening on the an-ramp was ohs

melen

rved. Although without ranp

he queue sometimes [lls the on-ramp completely, with metering this happens much
more often. When the queue gets longer than that, problems arise immediately on the crossing
road. However, detailed observations of blocking have not been done,

Capacity

For the ramp metering system near the Coentunnel, no deratled analysis has been carried ove.
Inspection of the realised intensirics has not showr a manifest capacity gain. At that location,
a wide variety of disturbing phenomena makes a detailed analysis impossible.

The resuits of the Zostermeer study are
\L’plctud in Figare 2, Here. a clzar botrle-
an be distinguished. In Figure 2, s — on === OFF
15 deserived in terms of conge-
slon projabm ¥ ['he bottle-neck lies
downstreara of the Bleiswijk meusuring
site (about 1 kilomster downstream of
the merpnyg pomt). ‘The study does not
reveal the nature o the bottle-neck, or
the origin of congestion. What can be
concluded, however, is thar the traftic
stream is more robust, i.e. s less distur-
bed by whatever congestion cause when
ramp metering is in operation. The capa-
cily gain is about
The Delf study resulls for the

capacity that point in the same dircction 1 tven/hy

There is no real bottle-neck, however, Figure 2 Tue cangestion probability near the Blesak
and Ihw intensily doss not exceed the easuring site, |1 km downsiream of the merping pomt at
Lostermesr

Downstream bottle-neck

Cangestion probabllity

0.0 I U S
3000 asan 4000 4500 so0n

Speed

The effects on thz average speed are visualised in Figures 3 to 6.

Near the bottle-neck the effeot is not very large; clearest is the improvement after 18 h. Further
upstream the positive effect of ramp metaring starts earler; about T km upstream of the ramp
a clear positive effect it scen for the whole rush-hour period.
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‘Lravel limes

Coen:unmel

Travel time losses on the trip from the on-ramp adjacent to the metcred one to the other sid,
of the tunnel are reduced with 20 %. Time losses [rom the beginning ol the merered an-ramp
have increased. of course. The travel times vi
For trips from the other, more remote on-r
Dellt

Dug o the near disappearance of queuing on the ma
become negligible.

Zoetermeer

Over a steetch of 5,1 km of fraeway, the travel rimes have been reduced from lﬂf) 1o 270 se-
conds, The free Tow travel time is 1687 5, and the reduction of time losses is 3

mps, no significant gain has heen coneluded

in roadway, also the tme losses ha

Rat-running / distance travelled

Rat-running is a paenomenon related with rarrp melering. Tt can be the effect/problem that
ramp metering is aiming ro resolve, as is the case near the Coentunmel, or it can appear as a
side-ellect one would rathe: not have,

&

the first and second on-ramp have equilibrated.

ulso
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Coentunae|

The “rats” runniog towards the on-ramp are diseouraged by the tine delay.
turned back o their “own’ on-ramp, further upstream, thus reducing their ravelled distance
on the urban network. A naw equilivrium has set. Some drivers who have unjustly been
chased away will drive more kilometers on the urban network. This will orly be a small frace
tion

and they have

Zoetermeer

The intensity on the on-ramp has not changed significantly. The improved conditions withiold
drivers 1o get off the freeway and use the surroundmg network to circumvent the queuc on the
main roadway. The number of drivers doing this is very small.

4. croscopic effeets

Flows on ramp

The intensity distribution vn the ramp changes, due (e ramp metering. The high minute
counts do not occur any more. Due 1o ramp metering, the distribution becomes sharply
peaked around the mean value, corresponding to a very homogeneous flow.

Merging behaviour

entunnel: herore the installation of ramp metering there were really chaotic situations,
including drivers passing each other on the one lane ramp. Alter installation, the speeds on the
main roadway were increased to a reasonable 50 up to 60 kmih or higher, Together with the
one-by-one rule, merging has become a lot more pleasant,

Near Dellt, no real efTeets on the merging process have been observed. The merging behaviour
al Zoctermeer has not been observed by video, and can only be deduczd from the microscopie
study of headways, see the discussion helow,

One car at 1 time can be ahserhed more easily in the traffic stream, Merging platoons lead to
coneentration in the main flow and subsequently to series of short followers, with the corres
ponding instability for sudden changes, leading to shocks, shock waves and congestion.

Shock waves on main roadway

The extensive study near Delll, using MCSS data, yields a decrease of the frequency of shock
wave oceurrence. The chavacier of a shock wave however, is not affected by ramp metermg,
onee it oceurs.
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Headways

These have been analyzed only mthe Zozternesr study. Data just upstream lrom the bottle-
neck is classified according to intensity, Tha simple headway distribaation is not alfected by
ramp metenng (sez Figure 7). The multiple headway distribution does change. A cut-through
1s presented in Figure 8. where it shows that long series of short headways do occur less
‘requently when ramp metering is on. This is explained by the one-by-one arrival of cars from
the ramp. Dus to this, less large blocks will results on the main roadway.

Headway diztributinn
3800+ | + 1000

o
—
E
H
]
e ot
S e
a on, lana2

headway (s)

Figure 7 Headway distribution near boctle-neck

Sarles of shart followsrs
3800 < 1 < 4000, t < 0.6

0 -
by
g . an. lsns 1
5
3
= R A Off tane 2
g =
= ~--e- On, anaz
i
ot

length of series

Figure 8 Freguency of series of skort fellowers

Red-light infringements

The percentage of vehicles running the red lighs is:

Coentunnel: 3%, Delil: 15 %. and Zoetermeer: 13 %,

The situztion at the Cocntunnel presents a clzar problem, und was experienced as such by the
publie, The way in which ramp metering exerts its effect in the other twoe cases (Delft and
Zoetermeer) 15 less abvious for the public. This explains the relatively high percentaze of red-
light violations. Nevertheless, the essentials of metered traffic appear to be sufficiontly present
to have its positive effects on the mzin traffic stream.
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CONCLUSTONS

We have indicated tae current situation concerning ramp metering in the Netherlands,
Emphasis has been put on the aspect of evaluation. The over-all conclusion is thal ramp mete-
ring has a positive eTect. Specific conclusions depend on the precise localion and local
conditions. Not every effecl 15 present everywhere, but itis possible to resolve some of the
problems everywhere. The main goal is reduction of travel time losses. This may he achieved,
although not necessarily, by a gain in capacity.

The primary clement of ramp metering is (o keep some traffic away from the main roadway at
the ramp concerned, i.e. reduction of in-flow. A secondary element is the one-car-at-a-time
arrival process, ‘cutting platoons of vehicles, with its positive effects on the stability of the
traffic, For the locations Delft and Zoetermeer, due to the baundary conditions of the control
strategy, the primary elfect 1s absent, and the Jatrer becomes the main clement.

For more detailed eonclusinns we refer to the fore-going chapter.
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