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Service at a glance

SERVICE DEFINITION

Variable speed limit§/SL)se variable speed signs, mandatory or advisasy means to help drivers to
travel at an appropriate speed considering the prevailing traffic or weather conditipilssome cases
supported by Speed Enforcement (SE), which mostly use cameras to idpetffing vehicles and/or drivers

SERVICE OBJECTIVE

The common main objective of VSL is to support drivers in travelling at a safe speed or to improve traffi

fluency. In some cases these systems are also used to mitigate environmentad,eftestt as pollution or
noise.

In most caes, the shown speed limit should correspond to the conditions the drivers encounter, and the
will be experienced as relevant. The drivers are then more likely to adhere to the speed limits. This will |
in better safety, better mobility, smoother traffic, increased comfort and lesser impact on the environmet
However, there are cases when circumstances call for a reduced speed limit not obvious to the drivers,
environmental reasons, problems downstredike incidents or work zones.

SERVICE BENEFIT RRADA

VARIABLE SPEED LIMITS

SAFETY
3 4

ENVIROMNMENT © " EFFICIENCY

EUROPEAN DIMENSION

The European dimension is to achieve a coordinateebrdliaround Europe on the road sections where it is
most beneficial, i.e. where it has very clear effect on the main EasyWay objemtiddle benefits exceed the
costs. The European road network is characterized in many graad not only in the surrounding of large

cities and metropolitan regionsby high traffic volumes with frequent speed breakdowns during peak hou
as well as faffic obstructions due to bad weather conditions. The application of traffic controlling measur,

with emphasis on speed control is an efficient mean to increase traffic safety and to use the available rg
capacities optimally.

ew-tms-dg02 variablespeedlimits01-02-00.docx 01/01/2012 3/51



Table of Contents

1 110 To 18 Td 1o o L0 TSP 8
11 The concept of the EasyWay Deployment GUIelINeS...............uuvuviimmeiiiiiiiiiiiiiiiieieeeeeeeeeeeeeee 8
1.1.1 Preliminary NOTE.......ooii ittt eee bbbttt e et e e e e e e e e ae ettt e teaaaaeaeeeeaaaaaas 8
1.1.2  Applying Deployment Guidelinesi KS & 02 YLJX & 2 NJL.SE.LX.L.AY.L..LIRA Yy OA L} S
1.1.3  Use of Language BartA .......ooooiiiiiiii et e et et e e e e e e e e e e e eaaaaaaeas 8
1.2 ITSSEIVICE PrOfil..... .ottt e e e et e 10
1,21 I TSSEIVICE SUAIEOY. .. uuuurrureeiieiiiiiiieieeee ettt e e e e e e e e e e deaataaa e e e e e e e e e e s e e s e s abbbbb bbb nnebbbbbbeeeees 10
1.2.2 Contribution to EasyWay ObJECHIVES. .........cuuuii ittt e e 11
2 S - Y (= o 1 1= -V 12
1.2.4  EUrOPEaAN DIMENSION. ...uuuuiiiii et ie et ae kbbb e e e e e e e e e e e e eeebbaeeeeeeeeeeesnnans 13
2 PartA: Harmonization REQUITEMENES. .........iiiiiieeeiiiieeeeecieeeesseeee e s snee s s mreeeesssseeeeessssreeessnssessmes 14
2.1 SEIVICE DEFINITION ....eitiei e et a e e e b et e e e e e e e e e e eenbbennnann s 14
2.2 FUNCHIONAl REQUIFEMENTS. .....eiiiiiiiieieie ettt eeeee bbb eeees 14
2.2.1  FUNCONAl ArChILECIUIE. ... ittt i et et eee e eeees 14
2.2.2  Functional decomposition and iNterfaces. ... iiiiiiieee 14
2.3 Organisational REOUITEMIENES. ... ..uuuuuuuiie et it e e e et e e e eaeesbee et e e e eeeeerar s e eeeeeeeeennnaaeaeas 16
2.4 TeChNiCal REQUITEIMENES. ... ....uiiiiiiiiie ettt ittt e e e e ae e e s ie et e e e e e e e e e e e e e e e e s a e s aeee e e e e e e e e annnes 16
2.4.1 Required [CT INfrASTIUCTULE........uiiiiieeeiieee e cfe ettt i e et e et e e e e e e e e e 20
2.4.2 Standards and Agreements: Existing and Required..............uuuuiiieniiiiiiiiiii e 20
25 (070 491500 I oo /0 =TT = 21
2.6 Level Of Service DefiNItION. ....... it it ieee e 24
2.6.1  Preliminary FEMAIK ........ . i oot et e et e e e ee et e e e e e aaeas 24
2.6.2  Level Of SEIVICE CHEEIIA . uur ittt e e e e et eeees 24
2.6.3 Level of Service Criteria related to Operating Environment..............cccvveveeiiiiiiiiiiiieeeennn. 26
3 Part B: Supplementary INfOrMation.......iv..eoiuiiiiie e smaeees 28
3.1 (O a1 == TS A = o T = 28
3.1.1 Description of generic VSL implementatiQns............cceeiieeeeeeeeeiiiiiiie e eeceeeeeeeiiveee e e e e eeeennns 28
3.1.2 Required [CT INFrASIIUCTUIE. ........uuuiiiiiiiiiiiii e 30
3.1.3 List of applicable Standards...........cccooiiiioiiiiiii e 31
3.2 Collection of Current OO PraCliCES. .. .cuuiiiiiiiee e 32
I T T 11 41 0] ST T = T =T o TP 32
3.2.2  EXAMPIE DEIMMALK ...ttt e e e e e e e e e e e et e aee bt eee e e e e e e eeeennbeaanns 36
T T b 1141 [T 1S 39
3.2.4  EXAMPIE AUSTIIA. ..ttt e ettt e e ettt e e e e e e e e e enn e e e e e e aaaaeaeaaaes 42
3.3 CatS / BENEFItS @NaAIYSIS....ceeeeiiiiiiiiiie st eer e e e e e 45
3.3.1 Criteria and method for the technical evaluation of the measure.............cccccieeeiiiinnnnnnn, 45
3.3.2  MEhOUOIOQY.. ...ttt 46
3.3.3  Costs and benefits AnalySIS........... oo 46

ew-tms-dg02 variablespeedlimits01-02-00.docx 01/01/2012 4/51



3.3.4 Example: German eante and expost evaluations of accident costs and time costs............ 46

4 Annex A: ComplianCe ChECKIISL..........coiiiiiiie et 47
4.1 Compliance ChecCKlSTAUSE' ...........iiii e eeeennee e AT
4.2 Compliance cheCKlISBAOUIA' ............uuiiiiiiiii e 48
4.3 Compliance CheCKlSTHAY ...........cccoiiiiiieieee e e s senrn e e e e e e e e eeesssnrnnnneeeeeeeene 49
5 ANNEX B: BibIOGraphy.........ooo et 51

List of figures and tables

Figure 1: Variable speed limit ODJECHIMES ... ...oooi i et e e e e e e eeees 12
Figure 2: FUNCLIONAl @rCNITECIULR.........oii ittt e e ettt e et e e e e e eeeeeebbaanas 14
Figure 3: Datex I profile: LOCALION...........uuiiiiii et eeeie e eee e e et e e e e e e e e ernae e e e e eaaaaees 17
Figure 4: Datex [l profile: LENGN.........ooo oo o e e e s e e e e b e e e e e eeeeeereaaaas 18
Figure 5: Datex Il profile: Type Of VENICIE..........ooo i bbb 19
Figure 6: DATBKprofile: Variable sSpeed IMILS . u.......ccouiiiiiiiiiiii e 20
Figure 7: Example of @ Mandatory VSL SIGM.......uueieiiin ittt mnaees 21
Figure 8: Example of an adviSOry VSL .SIgN.....cccoiiiiiii et e e e e ee e 21
Figure 9: Portal mounted VSL signs on motorway, one sign above each.lane............cccccccccvvvvinnnnnnen. 22
Figure 10: Portal mounted VSL signs on motorway, one speed limit sign integrated in.VMS............... 22
Figure 11: Side mounted VSL SigNS ON MOOIWAY......cciuuueerirrireniiiiietiieeieeeeeeeeeeeeeeeeseereeeeeeeeaaeeaaaeeeas 22
Figure 12: Repeated signposting on long StretChes..... ..o 23
Figure 13: Example of a variable speed limit ends sign as.VMS..............cccoieeeiiiiiiiiiiiieee e 23
FIQUIE 147 VSL ON IMOTOIWAYS. ...t tttveeeeeeteee bt eeeee ettt ettt e e e e e e e e e e e e e e e e e s aaaeeeeaaa e e s s s s e bbb bbb enbb bbb e e e e e eee s 28
Figure 15: Example of an Austrian line control system with variable speed limits and warning signs on a
(ode] apTn o] a 1o =111 Y/ PP 29
Figure B: Weather CONtrolled VSL.........oooiiie e e et e e e aere e s 29
FIgure 17: VSL At INTErSECHOMS. ...ccoi ittt ittt e et e et e ettt e e e e aeeteeeeeaaaaaaeeeeaanns 30
Figure 18: Layout of VSL at intersection "Lemmestre” in SWEAEN.............uuuuiiimmeiiiiiiiiiiiiiiiieeieee e e eeeen 34
Figure 19: VSL at intersection "FOgdarp” iN SWEOEN...........uuiiiiii ettt eee et 35
Figure 20: Speed control using variable message signs on Motorring 3 around Copenhagen............. 38
Figure 21: VSL dgm on motorway iNthe UK ...t e e e 41
Figure 22: Example of dynamic line control road signs at the A12/A13 motorway in.Tyrol................... 44
Figure 23: EXample Of CONTIOI STTALEGY .. .uuueeeeiiieiiiiiiie ettt 44

Figure 24: Example of an Austrian line control system with variable speed limits and warning signs on common
[0 = 1011 PP 45

ew-tms-dg02 variablespeedlimits01-02-00.docx 01/01/2012 5/51



Table 1: Part ArequiremMeENt WOTTING . ... ..cciiiiiiiiiiiiiiii e ettt e e e e e e ettt r e e e e e e aeeeeeeeaabbaa e s e eeeessenenanns 9
Table 2: Level Of SEIVICE CIILELIA........uuiiiiiiriieiieeee e e e e e e e s s e e e s e e e e s s snrneeeee s s e 24
Table 3: Level of Service to Operating Environment mapping.table.............cccccciii. 26
Table 4: EasyWay Operating ENVIFONMENLS. .......ooii it meiebbb bbb e e e e e e e e e e e eeeeees 27
Table 5: Compliance ChECKIIST "MUSE........uuiiiiiiiiii e e 47
Table 6: Compliance checklist "should'..............ooi e A9
Table 7: Compliance ChecCKIliSt "MAY.". ...t et e e e e e eeeenees 50

ew-tms-dg02 variablespeedlimits01-02-00.docx 01/01/2012 6/51



List of abbreviations

TERN TransEuropean road network

VSL Variable speed limits

SE Speed enforcement

TMC Traffic management centre

TCC Traffic control centre

VMS Variable messaggign (road sign, text sign or combined)

ew-tms-dg02 variablespeedlimits01-02-00.docx

01/01/2012

7/51




1 Introduction

1.1 The concept of the EasyWay Deployment Guidelines

1.1.1 Preliminary note

This document is one in a set of documents created as part of the EasyWay project, a project fordeope

ITS deployment on main TERN corridors driven by national road authorities and operators with associated
partners including the automotive industry, telecom operators and public transport stakeholders. It sets clear
targets, identifies the set of neceary ITS European services to deploy (Traveller Information, Traffic
Management and Freight and Logistic Services) and is an efficient platform that allows the European mobility
stakeholders to achieve a coordinated and combined deployment of thes&pmpean services.

EasyWay has started in 2007 and has established a huge body of knowledge and consensus for harmonised
deployment of these ITS services. This knowledge has been captured in documents providing guidance on
service deployment, the EasyWay DOmphent Guidelines.

The Deployment Guidelines had started with their first iteration mainly capturing best practice. This supported
service deployment in EasyWay very strongly by

w making EasyWay actors in deployment cognisant of the experiences made irpatteof Europe
w helping to avoid making errors others has already made
w speeding up deployment by highlighting important and critical issues to look at

Meanwhile, this best practickas successfully contributéd ITS deployments all over Europe, so fiassible

now to take the logical next step and start actually recommending those elements of service deployment that
have proven their contribution to both, the success of the local deployment as well as the European added
value of harmonised deploymenof seamless and interoperable services.

1.1.2 Applying Deployment Guidelinesi KS &a O2 YL & 2NJ SELJX | Ay é

The step from descriptive best practice towards clear recommendations is reflected in the document structure
used for this generation of the DeploymieGuidelines. Besides this introduction and the annexes that cover
specific additional material, the Deployment Guidelines consist of two main sections:

PartA¢ this part covers the recommendations and requirements that have proven to contribute tossfate

deployment and have been agreed by the EasyWay partners as elements that should be part of all

deployments of this particular service in the scope of EasyWay. Thus, the content of this section is prescriptive

by nature and EasyWay partners are expéedo ensure that their deployments are compliant to the

specifications in this section. Wherever concrete circumstances in a project do not allow fully following these
recommendations, EasyWay partners are expected to provide a substantial explanatioa facessity for

GKAA RSOAIFIGAZ2Y® ¢KAA O2yOSLIi A& (y2é6y Fa GKS aO2YLX @
PartB ¢ this part offers an opportunity to provide more valuable but less prescriptive information. Such
supplementary information may containegdbut is not Imited to ¢ regional/national examplesf deployment

andbusiness model aspects like stakeholder involvement or cost/benefit analysis results

1.1.3 Use of Language in Pakt

It is a mandatory requirement for every prescriptive document to provide specificaiticmsvelldefined and
unambiguous language. There are various specifications in the world of specifications that clarify the use of
particular words in such prescriptive texts.

For the purpose of the EasyWay Deployment Guidelines, theastblished praisions of the RFZ119
(http://www.ietf.org/rfc/rfc2119.txt, see(1)) are used, which is used to specify the basic Internet standards:
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The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHAISHOI'D", "SHOULD NOT",
"RECOMMENDED", "MAY", and "OPTIONAL" in this document are to be interpreted as described in RFC 2119.

An overview over the keywords, their meaning and the possible andwéhne context of part Ajives the
following table. In gen&l the keywords in brackets are possible, but not recommended to use, to avoid
confusion, which could be originated as a consequencéffgrent common linguistic usage tiie terms inthe
different EU member states.

Meaning in RFC 2119 Meaning in EasyWay Possible checklist answers
wording

MUST the definition is an absolute requirement there may exist fulfilled: yes
(REQUIRED, SHALL) insurmountable
reasons to not fulfill or
MUST NOT the definition is an absolute prohibition (e.g. legal
(SHALL NOT) regulations...) Fulfilled: no - explanation of
insurmountable reasons

SHOULD there may exist valid reasons in particular The Definition is very fulfilled: yes
(RECOMMENDED) circumstancesto ignore a particular item, but closeto a “‘MUST,

the full implications must be understood and “‘MUST NOT” or

carefully weighed before choosing a different Meaning in EasyWay

course. conform to RFC 2119 Fulfilled: no - with explanation
SHOULD NOT there may exist valid reasons in particular
(NOT circumstances when the particular behavior is

RECOMMENDED) acceptable or even useful, but the full
implications should be understood and the
case carefully weighed before implementing
any behavior described with this label

MAY The itemis truly optional. One deploymentmay Meaning in EasyWay fulfilled: yes - with explanation
(OPTIONAL) choose to include the item because of conform to RFC 2119
particular local circumstances or because it is or

felt to deliver a special added value
Fulfilled: no

Tablel: Part A- requirement wording

Note:the capitalisation of these keywords that is frequently used in Internet standards is not recommended
for EasyWay Deployment Guidelingie use of thiséquiremens language' allows the direct transfer of the
requirements stated in part A to a compliance checklist.

The following paragraph gives araenplefor a functional requirement

FR2 Data and information collected by both automatically and #technical sourcesmustbe based upon both
a consistent geographic refemce model and a time validity model, which botlust be part of data
description. The geographical basisy be left to the operator to define.

SYSIGK awSljdzZANBYSyidié¢ + ySg aSYlLyaaAodo StSYSyid a! ROAOSE
ofaK NR NBIljdZANBYSyi odzi 2F | aNBO2YYSYRIFIGA2yEé YR KSyO
G! ROAOSa¢ I NB y23G AYYSRAL {-Sdvige hddnizaiidh RntefioperabilkyS G KNBE S LIA

Commonloolk FSSt X vdz ft AGFY ONR 6 S NA dz8kRidediNeefingss guth ad ¢lement
delivers aEuropean added value and hence should be addressed by the deployment guidelines.

The notation for using the advice element in the text is as follows:
Advice

FAZL Loremipsumdolorsik YS (> 02y aSdiSiédaNBFRALEGOAYISEAGNE X
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1.2 ITSService Profile
1.2.1 ITSService Strategy

1.2.1.1 General Service Description
Variable speed limits (VSL), use Variable Message Signs (VMS) to display speed limits (mandatory or advisory),
that are adapted to the current road and/or traffic conditions.

In some cases VSL is supported by Speed Enforcemenw(fsih) mostly use cameras to identify speeding
vehicles and/or drivers.

Speed enforcement (SE) covers violations of speed limits either on a spot or over a defined section of the road,
also called section control. Depending on the strategy, mobile arslaiionary speed enforcement is used.

1.2.1.2 What is the Vision?

The main purpose of VSL is to support driversduel at an appopriate speed considering the prevailing

traffic or weather conditions. VSL can also be used to mitigate negative effects for the society in general, like
pollution or noise and to increase throughput. The use of VSL for environmental purposes is dayalbtdg an
increase is expected.

1.2.1.3 What are the Missions?

Regulating the speed limits so that the objectives of the specific deploymemhat.
Harmonisation of traffic flow

Harmonization algorithms determine the optimal speed depending on the traffic volume on the main
carriageway to avoid traffic collapses and to increase throughput.

Speed control dependent on rain, slippery roadssibility

In case of heavy rain, slippery roads due to ice or snow or limited visibility it is recommended to adjust the
allowed speed limits to the surface conditions and/or stopping sight distance. A distinction bhesrtade
between programs with andithout overtaking ban for lorries, dynamic lane management and hard shoulder
running (see the respective guidelines).

Environmental criteria

Speed control could be used to mitigate negative environmental effects frdfficiriike pollution or noise,
which have been proved in evaluations (see examples in annex). Reduction of the allowed speed and smoother
traffic flow can help to achieve the directive on air quality in populated areas.

User acceptance is a key factor to achieve the desired result® dfribers understand the reasons for the
displayed speed limits and experience them as relevant, they are more motivated to observe them. If this is
achieved, the need for enforcement can be reduced.

1.2.1.4 EasyWay harmonization focus

The main focus of this guideline is to using consistent signposting for variable speed limits, thus making it easier
for drivers to understand both the valid speed limit and teasons behind them.
I 4aSO02YR YIAYy F20dza A& (2 KIFENXY2yAasS FdzyOldAizylfArdex

Furthermore, sharing information on benefits and effects of VSL, can promote deployment of the aadvice
thusmaking it more accessible for drivers.

ew-tms-dg02 variablespeedlimits01-02-00.docx 01/01/2012 10/51
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1.2.1.5 Distinction to other ITServices

In practice, VSL is often an integrated part in a larger traffic management system, especially omaysto

tKSaS aedaidsSvya INB 2FGSy NBFSNNBR G2 a Waz2li2Nple /2yl
Relevant complementary information, which is not content of this Deployment Guideline and will be covered

by other DG, is:

w Hard shoulder running, where VSL is an importagtedient (TMSDG04).
w Dynamic lane management, where lane signals and VSL often share hardwaf® GOHS

® VSL may be combined with other variable road signs, like warning signs (i.e. fog , road works or queue) or
prohibitory signs (i.e. HGV overtakingnlb@aMSDGO06).

w VSL are sometimes also combined with other types of VMS, like text displays for warning and/or
informative messages and route guidance signs (prism or LED technologyD 0435

« Ramp metering systems may-operate with VSL (TMBGO03).
w Speedimit information (TISDG04).

VSL may be complemented by Speed Enforcement (SE). The effects of both systems may be increased by
combining them. You may enforce the normal (not reduced) speeds, decreased speeds or all signposted
speeds. It is recommended enforce at least the reduced speeds to achieve the desired effects. When
combining VSL and SE it is especially important to display relevant speed limits and communicate the reasons
for reduced speeds in order to maintain the confidence of the pulblis.dlso paramount that the VSL and SE
systems cepperate in a reliable way, so that the enforced speed limits correspond to the displayed speed

limits by the VSL systems.

1.2.2 Contribution to EasyWay Objectives

The common main objective of VSL is both to support drivers in travelling at a safe speed and to improve traffic
fluency. In some cases speed limits are also used to mitigate environnedfetetls, such as pollution or noise.

In most cases, the shown speed limit should correspond to the conditions the drivers encounter, and therefore
will be experienced as relevant. The drivers are then more likely to adhere to the speed limits. Thigutilhr
better safety, better mobility, smoother traffic, increased comfort and lesser impact on the environment.
However, there are cases when circumstances call for a reduced speed limit not obvious to the drivers, i.e.
environmental reasons, problem®dnstream like incidents or work zones.

1.2.2.1 Service radar

VSL evaluation objectives, methodologies and methods of data collection differ from country to country. The
figure below, Figure 1, shows a basic graphical relationship between VSL and the Easy#agobfafety

and network efficiency are the main benefits of the servitae graph below provides a quantification of the
serviceadded value regarding the three main objectives of EasyWay which are: safety, efficiency and
environment.
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VARIABLE SPEED LIMITS

SAFETY
3 4

ENVIROMNMENT * " EFFICIENCY

Figurel: Variable speed limit objectives

1.2.2.2 Safety

The deployment of speed control offers the opportunity to optimize traffic safety depending on capacity and
weather conditions. A trafficelated and/or weatheirelated speed control reduces thesk of congestion and
accidents. The impact analysis of existing facilities confirms the positive effect on traffic safety.

VSL on motorways are expected to reduce accidents in the interv@%bor even up to about 60% during
periods with heavy traffioolads (Bundesministerium fiir Verkehr, Band Wohnungswesen, heft 787, 2000),
dependent on factors like traffic flow, congestion duration and severity and speed limit without active VSL.

VSL at intersections have very different effects due to the sitnatm@ffic flows etc, but if locations are chosen
wisely, a decrease in personal injuries and fatalities in the range-40%ocan be expected (Results from
Swedish trials with VSL, Swedish Road Administration, 2008).

VSL used in foggy conditions is prdve reduce accidents up to 80%, when used in combination with other
Traffic Management measures, like Dynamic Route Information Panels (Bundesministerium fir Verkehr, Bau
und Wohnungswesen, heft 787, 2000).

1.2.2.3 Environmental impact

Systems for VSL on motoays positively affect the flow of traffic and reduce traffedated congestion and
accidents (and the consequence of further congestion development). Improving the free flow of traffic reduces
noise and pollutant emissions (emissions reduced by betwelne?d 8 % depending on the individual

pollutant considered with VSL on the M25 in UK). VSL can also be used for environmental purposes, with a
reduced speed limit to mitigate noise and emissions when there is no congestion.

VSL at intersections have negig effects on the environment.
1.2.2.4 Network efficiency

Demandoriented speed control improves the flow of traffic in the complete network area concerned. The
duration of congestion and thus the loss in operational costs and time costs is considerably reduced, since the
existing section capacity is optimallyeas For motorways, traffic flow and throughput can be increased up to
about 15%. Another effect is a more even flow, which has a positive effect on both traffic safety and
throughput. For example, on the French A7 motorway, individual speed variabilijecasased from 7 km/h

to 2 km/h with VSL.

1.2.3 State of the art

VSL solutions have been implemented and tested in more or less all Europednesourhe implementations
vary from small tests to broader large scale implementatidrhe purpose of using VSL is different from case to
case. The general overall purpose is for safety reasons, to decrease speed and accidents, and to harmonize the
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traffic flow for increased throughput. VSL is mainly used on motorways but also on other roads like trunk roads.
The systems are mainly automatic but supervised by a Traffic Control Centre (TCC) or Traffic Management
Centre (TMC).

1.2.4 European Dimension

The European dimension is to achieve a coordinateebrgliaround Europe on the road sect®mwhere it is

most beneficial, i.e. where it has very clear effect on the main EasyWay objectives and the benefits exceed the
costs. The European road network is characterized in many gr@ag not only in the surrounding of large

cities and metropolitamegions- by high traffic volumes with frequent speed breakdowns during peak hours as
well as traffic obstructions due to bad weather conditions. The application of traffic controlling measures with
emphasis on speed control is an efficient mean to insestaffic safety and to use the available route

capacities optimally.

Harmonisation relating to VSL should focus on interoperability with other services angsendcceptance
through a commonook & feel of VSL systems across Europe.
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ESGZ EUROPRVIDE TRAFFIONETWORK MANAGEMENC@MVODALITY
TMSDGO02¢ VARIABLE SPEED LBMIT
COORDINATOR: BJARKKEMGREN

2PartA: Harmonizdéon Requirements

2.1 Service Definition

Variable speed limitévVSLuse variable speed signs, mandatory or advisasy means to help drivers to
travel at an appropriate speed considering the prevailing traffor weather conditionsin some cases
supported by Speed Enforcement (SE), which mostly use cameras to identify speeding vehicles and/or drivers.

2.2 Functional Requirements

2.2.1 Fundional architecture

The following figure shows the typical functional architecture of a VSL system. Red arrows show possible
interfaces to other services.

Functional requirement:

FR1:Functional decomposition arttie provision of standardised interfaceBouldbe carried out to ensure
interoperability in those cases that the service is carried out by more than one organisation (and is
recommended in any case to be prepared for an easy functional decomposittmulakbe the case in the
future):

Possible interface to
other services / systems

Super
vision
TMC operator Central control

Central level

control

Status,
current
speed

etc.

Log data, change of
messags, errors
etc.

Roadside Message
Data collection control system Sl
(sensors) (models)

Signs (VMS)

e level

Possible interface to
other services / systems

Figure2: Functional architecture

2.2.2 Functional decompositidrand interfaces

Functional equirements per sutfunction:

FR2 Sensorsnust be adapted to the service and give input to the roadsidntrol system. Exceptions: For
systems using clock and/or calendar control, sensors are replaced by the system alec&nEally controlled
systems at road works, sensors are usuaplaced by a keypad or similar.

The ITS service idistributed’ over more than one administration (cressrder, crossegional) for operation,
i.e. different road operators and other parties are involved, providing "logicafisnttions”. Between the
distributed functions interoperaitity must be guaranteed by properly specified interfaces.
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FR3:The roadside control systesmould contain models and algorithms that calculate the speed limit and
transmit it to the signs. Exception: Control can be done at the central level in some systems.

FR4:The signsnustdisplay the ordered speed limit

FR5I1f VSL systems interact with other services like hard shoulder running, dynamic lane management or HGV
overtaking ban (or adjacent VSL systems), interfacagbe found either at roadside or central control system.
In practice, this can often be internmiterfaces in the same system.

Functionaldvice

FAZ Signsshouldreport if message activation was successful or not and possible error messages

FA2 Traffic Management Centre Operat@iouldbe educated in supervising the system. Exception: Some
locd VSL systems operate independently and need no supervision.

FA3 TMC operatorshouldbe able tocontrol the system manually and override automatic operation.
FA4 The central control systershouldhave functionality to supervise and control the system.

FA5 VSL systemshouldhave a log that stores data about signposted speed limits, error messages etc. This is
used for maintenance and legal purposes and is required in some countries.

FAB The control algorithmshouldresult in speed limits that are levant to achieve the desired effects and
observance by the drivers. Exception: It is sometimes necessary to display speed limits that are not obviously
relevant to the drivers for i.e. environmental reasons or to maximise throughput.

FA7: The algorithmshouldbe constructed in a stable way so that unnecessary switching of the speed limits is
avoided. This needs to be balanced against the need for quick enough responses when safety critical
circumstances occur.

FA8 Automatic control shouldbe usedwhenever possible.
FAQ Manual controlmay be used to control the system in case of road works or accidents.

FA10 When a greater decrease of the speed limit is needed sinisildbe performed through gradual

reduction, where each reduction is not too large (note: 20 km/h reduction between two gantries is common
practice on motorways). The reason for this is that otherwise you could end up with heavy breaking vehicles,
which in itsturn could cause reaend collisions.

FA1l:Whena VSL system is used to decrease the risk ofgedrcollisions due to congestion, detector spacing
shouldbe adequate to the function. Spacing in the range of-8000 m is recommendeid this case

FAR: Detector data updating frequencghouldbe adapted to the needed response timésnormal updating
frequency in a motorway control system is between 20 seconds and 1 minute, whereas you will need only a
few seconds for a traffic controlled intersection.

FAR: The systemshouldhave predefined handling of situations like power failure, disruptions in
communications and other functional problems to avoid functional inconsistencies in the service.

FAX: When VSL is supplemented by speed enforcement, the monitoring technology used by private as well as
public road operators, which generates evidence of speedingyldmeet the national legal requirements. In

many countries, only authorities and/or the lg®e have the authorisation to fine the driver or owner of a

vehicle after a violation.

FAL: Enduser acceptance

A general rule to achieve a good understanding and observance of VSL is that the spestidintitbe

relevant. This set the requirements for data collection and control principles. It is relatively easy for the driver
to understand that the speed limit is reduced when there is congestion or bad weather, but it is more difficult
to communicate speed guctions due to i.e. environmental reasons. Therefore, road authoritiegconsider
including a pictogram showing the reason for the displayed speed limit, or as second choice, having additional
text on the signs. However, the legislation in all countdess not allow additional text to speed limit signs

(like Sweden).
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It is also important to verify that VSL systems operate correctly and show relevant speeds according to the
conditions. This means that much effattouldbe put into quality control andhaintenance. Speed reductions

for long stretcheshouldbe avoided, unless necessary because of extended problems. Data quality from

sensor systems is also paramount for reliable operation, correct speed limits and user acceptance. Aspects that
need to beconsidered are completeness, availability, veracity and accuracy.

A good cooperation with the police and a good communication with the public about the reasons and benefits
of VSL are keys to success and a positive attitude.

2.3 Organisational Requirements

Organisationahdvice

OAZI VSL systemshouldgenerally be monitored by a Traffic Management Centre. This need is less prominent
for automatic systems with only spot coverage.

OAZ2 Road operators (Public and/or private) are responsible for planning, development and operation of the
systems for speed control. The corresponding guidelines, regulations and consultant glapelcdto be taken
into account.

OA3:For the implementation and later operation, optimisation regarding the objectives of the systenid

be the primary target. In this context all possibilitE@®uldbe exploited in view of an economic realisation and
later of the parameterisation and redpr test of the operation. The respective competences of the responsible
authoritiesshouldbe considered here.

OAd: VSL is mostly a concern for the Road operators (road authorities and motorway companies). However
these stakeholdersmay be considered:

w Municipalities and cities: At boundaries between state and municipal roads or when these systems
influence traffic flow on municipal roads. Municipalities and cities/also implement VSL on their own
networks.

w Public transport authorities and operatoM/hen these systems influence accessibility and schedules for
public transport. It is also possible to consider priority for public transport in separate lanes in
conjunction with VSL.

w The Police: To enforce the speed limits for better compliance by the users. The police is generally an
important partner when speed limits are enforced using automatic speed enforcement systems.
Depending on national regulations, the polivewy also need to accept VSL projects formally.

OAB: New VSL systenshiouldbe ewaluated regarding effects, costs and benefits, unless similar projects
already have been thoroughly evaluated. For suggestions aboutatiat, see part B section 3.3

2.4 Technical Requirements

TR1 Discontinuous signs (i.e. LEDpuldfollow the European standard EN 1296&r their national
counterparts. Continuous signs (retreflective, i.e. prism signshouldfollow the European standard EN
128991 or their national counterparts where applicable.

Note: The standards allow several levels of performance to be selected due to i.e. the environment where the
signs are used.

DATEXI Profile

One of the majodeliverables of the DATEX Il specifications is to offer a toolbox for applying one of the most
common IT technologies for data definition, the Unified Modelling Language (UML, ISO/IEC 19501:2005).

The use of DATEX Il is required for the service implementatvhat makes this so important is that providing

one such formal data definition for each service supported by all implementations in EasyWay ensures
G§SOKYAOlIf AYGSNRLISNIOAfAGE oatfdza g tfl&éoresueOl dza S
to be able to process the exchanged data.
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This integration of the DATEX Il profile in the DG provide a solid dimension in terms of service standardisation

and harmonisation, this also guarantees the information exchange among traffic managehe anide

dissemination of traffic information and traffic management services thanks to the facilities for providing
standardised Datex Il publications to service provid8tdsschemas for VSL can be found on the DATEX I
website by following this linkwww.datex2.eu/easyway/profiles/tmslg02 2012.xsd

TR2 The Speed control / Speed limit service is characterized by the following elements:

w The location of the speed limit

w The length affeted by the measure

When necessary the type of vehicle concerned by the speed Titmitse elements and the speed limit itself
mustbe describedr the DATEX Il Model as follaws

class GroupOfLocations /
GroupOfLocations
l Itinerary l l NonOrderedLocations l
ItineraryByReference ltineraryByIndexedLocations NonOrderedLocationGroupByList NonOrderedLocationGroupByReference
+ + Ordered
index 1
1
+HocationC +locationC
1 2.%
Location N ExternalReferencing
The order of the locations| 0.*
in the itinerary are + String
specified by the ‘index' + extemalLocationCode: String
qualifier. I\ 1
+locationForDisplay PointCoordinates
0.1+ latitude: Fioat
+routeDestination BN icngitude: Float
0.*
NetworkLocation Destination
ko———
1 0.1 LocationByReference
1
A &

0.1

SupplementaryPositionalDescription

+ locationDescriptor: LocationDescriptorEnum [0..4]
+ E ger[0..1]
+ [0..1]

[

AffectedCarriagewayAndLanes

Point::Point Linear::Linear Area::Area

+ cariageway: CarmagewayEnum
+ lane: LaneEnum [0.]
+ footpath: Boolean [0..1]
+ lengthAffected: MetresAsFloat [0..1]

oo

Figure3: Datex Il profile: Location

The DATEX Il model offers various possibilities for describing location but for this service location referencing
can be restricted to linear locations. The SupplementaryPositionalDescription feature is needed to precise the
length of the measure.
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Length

Description about the length of the Speed limit service has tpreeised with the attributdengthAffected

Nemworkl ocation

il i

0.1

SupplementaryPositional Description

Point::Point

Linear:Linear

Figure4: Datex |l profile: Length
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Type of vehicle

In some case the Speed Limit only concerns specific vehicles (lorries for example), in such a case restriction of
measures for paitular types of vehicles need to be described in\tadicleCharacteristicslass, in this class
select the type of vehicle concerned.

TR3:The following figure presents a selection for lorry. Additional precision can be outlined (for example
tonnage of tle concerned vehiclesiustbe precised inGrossWeightCharacteristjc

class VehicleCharacteristics

VehicleCharacteristics

+ fuelType: FuelTypeEnum [0.1]
+ loadType: LoadTypeEnum [0..1]

+ [0..1]
= jcleType: VehicleTypeEnum [0.] 1 agriculturalVehicle
+ vehicleUsage: VehicleUsageEnum [0..1] anyVehicle
articulatedVehicle
1 1 1 1 bicycle

bus

car

0.2 0.2 caravan

carori
GrossWeightCharacteristic NumberOfAxlesCharacteristic carWithCaravan
carWithTrailer

cenumeratione
Stoz::VehicleTypeEnum

Queaiar G + Operator: C

2

<I_grossVehicleWeight: Tonnes — + numberOfAxles NonNegativelnteger fourWheelDrive
lony >
mope

0.2 0.2 motorcycle
motorcycleWithSideCar
HeightCharacteristic HeaviestAxleWeightCharacteristic motorscooter
tanker
+ Operator: C + Operator: C: threeWheeledVehicle
+ vehicleHeight: MetresAsFloat + heaviestAxleWeight: Tonnes trailer
tram

twoWheeledVehicle
van
vehicleWithCatalyticConverter

0.2 0.2 vehicleWithoutCatalyticConverter
vehicleWithCaravan
LengthCharacteristic WidthCharacteristic vehicleWithTrailer
p — p | G withEvenNumberedRegistrationPlates
+ vehicleLength: MetresAsFloat + vehicleWidth: MetresAsFloat W';hOddN“m"e’e“REQ‘S"a“ﬂ"F"ams
other

Figure5: Datex Il profile: Type of vehicle
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Speed Contrat Speed limit

The mapping of information related to Speed control/Limit service into the DANT&XI A is easy. DATHEX
has a dedicated class for this type of information capgedManagementin this class, select the attribute
speedRestrictionInOperation in the SpeedManagementTypeEnum.

TRA: When service is operatingshouldbe disseminated viBATEX. This class is a specialisation of the
SituationRecordtlass, hence the information regarding Speed limit shall be published via a
SituationPublication

class NetworkManagement /

OperatorAction

NetworkManagement
+forVehiclesWithCharacteristicsOf b Option: C
/1O+ applicableForTrafficDirection: DirectionEnum [0..*]
VehicleCharacteristics::VehicleCharacteristics Bl pe SR rat cType Enum) [0:.4]
o.* + placesAtWhichApplicable: PlacesEnum [0..%]
+ fuelType: FuelTypeEnum [0..1] + automaticallyinitiated: Boolean [0..1]
+ loadType: LoadTypeEnum [0..1]
+ [0.1] A “trafficManuallyDirectedBy" is only valid if
+ vehicleType: VehicleTypeEnum [0..5] "generalNetworkManagementType" is set to
+ vehicleUsage: VehicleUsageEnum [0..1] < “trafficBeingManuallyDirected"
GeneralNetworkManagement
+ Type: TypeEnum
+ DirectedBy: PersonCateg [0..1]
GeneralinstructionOrMessageToRoadUsers
ReroutingManagement + ToRoadUsersType: ToRoadUsersTypeEnum [0..1]
+ generalMessageToRoadUsers: MultilingualString [0..1]
+ Type: TypeEnum [1..4]
+ [0.1]
+ signedRerouting: Boolean [0..1]
+ entry: String [0..1]
+ exit: Sting [0..1] WinterDrivingManagement
+ roadordunctionNumber: String [0..1]
i Type: TypeEnum
1
RoadOrCarriagew ayOrLaneManagement
+ roadOrCariagewayOrLaneManagementType: RoadOrCarriagewayOrLaneManagementTypeEnum
+ minimumCarOccupancy: NonNegativelnteger [0..1]

SpeedManagement

+ Type: TypeEnum [0..1]
imit: K [0..1]

“minimumCarOccupancy” is only valid if
"roadOrCarri orl Type"

is set to "carPoolLanelnOperation”.

+altemativeRoute | 0.

GroupOfLocations
GroupOfLocations::Itinerary +routeDestination

GroupOfLocations::
=

0.

Figure6: DATEX profile: Variable speed limits

2.4.1 Required ICTnfrastructure

No specific requirements or advice apfmim what is mentioned in 2.2.1 ari2.2See also 3.1.2 for current
best practices.

2.4.2 Standards and Agreements: Existing and Required

No specific requirements or advice apaom what is mentionedn 2.3 and2.4. See als®.1.3 for current best
practices
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2.5 Common Look & Feel
Requirements:
CL&FR: Mandatory varial# speed limitshouldbe displayed in one of the following ways:
w Discontinuous signs: White, effhite or yellow figures on a black background enclosed by a red ring.

w Continuous signs: The sign surfateuld be similar to fixed mandatory speed signs adoag to
national regulations.

Figure7: Example of a mandatory VSL sign
Reference to the Vienna convention: Sign C14.
CL&FR: Advisory variable speed limithiouldbe displayed in one of the following ways:

w Discontinuous sign§Vhite, offwhite or yellow figures on a black background. The s@rhave a white
rectangular border, but no red ring.

w Continuous signs: The sign surfab®uldbe similar to fixed advisory speed signs according to national
regulations.

assacssar
*9ecseney

. .
v

.
.
* .
‘e
‘e
.
.
.
.
.
.
.
.

Figure8: Example of an advisory VSL sign

CL&FR: Yellow flashing lightsiay be added to increase visibility. In Motorway Control System yellow flashing
lightsmaybe used to alert the driver that he/she enters a section with a lower dgieait.

CL&FR: Supplementary informatiomay be added, i.e. the reason for a reduced speed limit. Thergyisater
need for this when it is difficult for the drivers to understand the reason.

CL&FR: Signsshouldbe located either above the carriagey or on the verge of the road. If signs are located

on the verge, thereshouldbe signs on the right hand side of the road with possible supplementary signs to the
left (opposite for countries where you drive to the left).

CL&FR: If signs are mounted ave the carriageway, yomay have one speed limit sign above each lane or a
single speed limit sign integrated in a larger VMS which is valid for all lanes.
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INFORMATION
OR
ADVICE

Figurell: Side mounted VSL signs on motorway

ew-tms-dg02 variablespeedlimits01-02-00.docx 01/01/2012 22/51



23

CL&FR: Speed limitshouldbe repeated at least after every entry slip road, and the distaizaild not
exceed 10 km on long stretches.

[l-lu

<10 Km

Ny

Figue 12: Repeated signposting on long stretches

CL&FR: It shouldbe obvious to the drivers when a section with VSL ends and which the valid speed limit is
after that. Normally this is done using fixed speed limit signs.

Advice:

CI&FAL: Fixed and variable speed lingihouldnever be placed in a way that drivers can doubt which speed
limit is valid. This means that fixed and variable speed limits sigmsldnot be placed at the same cross
section.

CL&FA: Signs mounted above eatdnemay displaydifferent speedn different lanes. In these situations, it
is recommended that the greatest difference in speeds between adjacent lanes does not exceed 20 km/h.

CL&FA: Side mounted VM8&ay remain in operation also when single lanes alosed. On the contrary, portal

mounted VMS over closed lanesy be switched off, unless they are used in a motorway control system

where a red cross is displayed.

CL&FA: LT GKSNB Aa FTNBS &LISSR | Fi SN ( KsSouldN asdef(ViehraR a SOl A 2
convention sign C 17).

Figurel3: Example of a variable speed limit ends sign as VMS

CL&FA: Speed limit signsiay be active only when a reduced speed limit is set. In other casesthgye
blank. In some circumstances this makes it easier for the drivers to notice conditions that require a lower
speed.

CL&FA: It is common that VSL is integrated in motorway control systems, where the speed limits signs are
mounted above the carriagewaln these cases V8iaybe combined with i.e. lane control and warning signs.
The requirements and advice regarding VSL in this guideline are still applicable, but need to be combined with
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requirements and advice from other guidelines like T™MS01 (DynaroiLane Management) and TNI%505
(Incident warning and Incident Management).

2.6 Level of Service Definition

2.6.1 Preliminary remark

The scope of EasyWay is to provide Core European ServitesEaropean road users. These services are
harmonized in content and functionality, but also in their availability: The road users shall be able to expect a
certain services offer in a specific road environment. In order to provide a basis for the haathamprocess
EasyWay needs a tool to define such environments in an agreed manner. This tool is the Operating
Environmentg; a set of predefined road environments combining physical layout of the road and network
typology with traffic characteristics.

In essence, EasyWay has agreed on a set of 18gfieed Operating Environments (OE) where each OE is a
combination of three criteria:

w Physical characteristiecsMotorways, other 3/4 lane roads orlane roads
w Network typology Corridor, Network, Link dCritical spot
w Traffic characteristicg Traffic flow and road safety situations (with optional additions)

For more information and details, visittp://www.easywayits.eu/documentcenter/document/open/490/
and download the Guidance for Classifying the EasyWay Network into OE ver 1.0.

2.6.2 Level of Service Criteria

Element of Speed Control LEVEL OEERVICE
VSL
A B C
Coverage Spot coverage Sectioncoverage Total corridor
coverage (on critical
sections along the
corridor)
Level of coordination No or limited Coordination with
coordination with other TM measures
other systems on for section control
section
Monitoring / control Manual monitoring Clock and/or Specific sensors
calendar control monitoring

Table2: Level of Service criteria

Coverage

A spot coverage: The VSL system covers only a short stretch of road where specific conditions prevail, i.e. a
hazardousdntersection.

B¢ Section coverage: The VSL system covers a longer stretch of road, but does not cover an entire corridor. A
corridor in this case is the total road from one important point to another, i.e. between two cities.

C¢ Total corridor coveragelhe VSL system covers an entire corridor as described above.
Level of coordination

Ac¢ No or limited coordination with other systems on a section. The VSL system does not operate in a
coordinated way with other Traffic Management measures like hard sleoulinning or lane signals.
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B¢ Coordination wih other TM measures for sectiaontrol: The VSL system is coordinated with other
measures, often in an integrated Motorway Control System.

Monitoring and control

A ¢ Manual monitoring: Traffic Managementadf change the speed limit manually when there is a need. The
operators can either discover the problem through a CCTV system or get information from partners, like the
police and rescue services.

B¢ Clock and/or calendar control: The speed limit issagbmatically due to time of day and/or year. This
option is most suited for situations when you have daily or seasonal recurring problems.

G Specific sensors monitoring: Automatic control with sensors which detect the situation that calls for a
reduced speed limit. This is generally the best solution, since it is not dependent on manual supervision and the
displayed speed limit is in most conditions seen as relevant by the drivers.
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2.6.3 Level of Service Criteria related to Operating Environment

LoSR: According to the OE where the service is implemented, the minimum and maximumusb&spect the Level of Service to Operating Environment mapping table

SPEED CONTROL / VARIABLE SPEED LIMITS

Criteria for the Levels of Service

T2 | T3 | T4 | R1

EasyWay OPERATING ENVIRONMENT
A | A | A | A | A

h

[reference TMS - DGO2] ¢ m R2| R3 | R4 | RS | R6 | R7
Total corridor coverage (on
C |critical sections along the
corridor) .
Coverage B |Section coverage O w
A |Spot coverage
/ |No coverage M M
Coordination with other TM
B 0 O 0 0 0 D
measuresforsectioncontrol | | | A | I
Level of imi inati
i A N? or limited coordination . N M M N M M n M
Coordination with other systems on section
/ |Service Unavailable M M M M
C |Specific sensors monitoring O B O 0 O 0 O
Clock and/or calendar
B M 0 M O
control
Monitorin L
e/ A |Manual monitoring M M M
Control
Service unavailable M M M M
Recommendations for Lo$S per OE: IM Minimum LoS recommended
mMinimum = Optimum | Non applicable
Table3: Levelof Service to Operating Environment mapping table
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OE Explanation

C1 critical or black spots, local flovelated traffic and/orsafety problems

T1 motorway ( link), no flowelated traffic problems and no critical safety
problems

T2 motorway (link), no flowrelated traffic problems, safety problems

T3 motorway (link), daily flowelated traffic problems, no critical safety
problems

T4 motorway (link), daily flowelated traffic problems, safety problems

R1 two-lane roads, no flowelated problems, no critical safety problems

R2 two-lane roads, no flowelated traffic problems, safety problems

R3 two-lane roads, seasonal daily flowrelated problems, no critical safety
problems

R4 two-lane roads, seasonal or daily fleelated traffic problems, safety
problems

R5 three-/four-lane roads, no flow related problems, no critical safety problems

R6 three-ffour-lane roads, noléw related traffic problems, safety problems

R7 three-ffour-lane roads, seasonal or daily flow related traffic problems, no
critical safety problems

R8 three-ffour-lane roads, seasonal or daily flow related traffic problems, safety
problems

S1 motorway corridor or network, seasonal flowelated problems

S2 motorway corridor or network, daily flowelated traffic problems

N1 road corridor or network, seasonal flekglated problems

N2 road corridor or network, daily flowelated problems

P1 peri-urbanmotorway or road interfacing urban environment

Table4: EasyWay Operating Environments
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3PartB: Supplementary Information

3.1 Current Best Practice

3.1.1 Description of generic VSL implementations

VSL on motorways

On motorways, VSL is mostly used to harmonise traffic flow and thus increase throughput and safety.
Environmental reasons could also be a main goal.

|::> direction

Figurel4: VSL on motorways

w Input: Traffic sensors, typically speed and taffow. The sensors are usually placed at each sign gantry.
Inductive loops and microwave are commonly used technologies. Also video, laser, light barriers and

piezoelectric sensors are used.

w Control: Often automatic based on sensor data. Manual oveisdised mainly in case of accidents or
NEIFIR 62Nl a® ¢KS If3I2NAGKYaA aK2dzZ R 6S RSaA3IySR 020K
G NYAYy3a FdzyOliA2yEvd
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Figurel5: Example of an Austrian line control system with variable spiegits and warning signs on a common gantry

Weather controlled VSL

Weather controlled VSL has the aim to help drivers travelling at a safe speed according to the prevailing
weather and road surface conditions.

¥,

Figurel6: Weather controlled VSL

w Input: Weather and road surface conditions. Many different types of sensors are used and in some cases
combined with weather forecasts. Example of sensors:

(o]

(0]
(0]
(0]
(0]

Air temperature, air humidity/dew point, road surface temperature
Wind, speé and direction

Visibility

Freezing point of liquid on the road

Road surface status (i.e. dry, wet, ice, snow)
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w Control: Can be automatic, manual or a combination. Results show that automatic control should be
used as much as possible, but with supervisiom TMC operators. Much effort needs to be put into
design of the weather control model and its algorithms.

Note: Environmentally controlled VSL systems operate in a similar way, but with different detectors and control
models.

VSL at intersections

VSlcan be used at intersections to improve safety when conflicting traffic occur. The speed reduction has a
safety effect in itself, but drivers are also alerted by the system, and are therefore more observant when
driving through the intersection.

Figurel7: VSL at intersections

w Input: Detectors for vehicle passage and presence. Passage detectors are used to activate the system,
when vehicles approach the intersection. Presence detectors keep the system active when vehicles wait
at the intersection. Detectors can be placed both on incoming secondary roads and the left turning lane
(when driving to the right) on the primary road (see example in the figure above).

w Control: Autonomous operation. Reduced speeds are displayed orrithany road when vehicles
approach the intersection from the secondary roads and also when vehicles are present in the left
turning lane on the primary road. In the latter case, reduced speed needs to be displayed only in the
opposite direction. Manual ovade is often possible in case of accidents or road works.

Detection and data analysis

The basis fomostvariable speed limit systenis the detection of the current traffic conditions as well as the
weather and road conditions through suitable sensdérslistinction has to be made between the detection
systems that are embedded in the road surface andastf@bof f SR ¢ O2y il OGf Saaé¢ aea
collected data are normally combined and analyzed in the local control stations or theestuibs.

Some advanced motorway control systems make predictions of the future traffic flow. Many systems also have
prioritisation as well as horizontal and vertical comparison of display sites taking place to avoid conflicting,
illegal or traffichazardoudisplay combinations. lllegal display combinations can in addition be lagkéu
the signs on site. This enables a reasonable and continuous display consecution for the road user.

3.1.2 Required ICT infrastructure
These are the basic needs for communicatidreistructure:

w Detectors to Roadside control system or central control system
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