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TECHNICAL SPECIFICATION CEN/TS 16157-9

SPECIFICATION TECHNIQUE
TECHNISCHE SPEZIFIKATION April 2020

ICS 35.240.60

English Version

Intelligent transport systems - DATEX Il data exchange
specifications for traffic management and information -
Part 9: Traffic signal management publications dedicated
to the urban environment

Systémes de transport intelligents - Spécification Intelligente Verkehrssysteme - Intelligente
DATEX Il d'échange de données pour la gestion du Verkehrssysteme - DATEX 11
trafic et I'information routiere - Partie 9 : Publications Datenaustauschspezifikationen fiir
pour la gestion des feux de circulation dédiées a Verkehrsmanagement und Verkehrsinformationen -
'environnement urbain Teil 9: Lichtsignalanlagen-Management-Publikationen

fiir das stadtische Umfeld

This Technical Specification (CEN/TS) was approved by CEN on 13 January 2020 for provisional application.

The period of validity of this CEN/TS is limited initially to three years. After two years the members of CEN will be requested to
submit their comments, particularly on the question whether the CEN/TS can be converted into a European Standard.

CEN members are required to announce the existence of this CEN/TS in the same way as for an EN and to make the CEN/TS
available promptly at national level in an appropriate form. It is permissible to keep conflicting national standards in force (in
parallel to the CEN/TS) until the final decision about the possible conversion of the CEN/TS into an EN is reached.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and
United Kingdom.
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European foreword

This document (CEN/TS 16157-9:2020) has been prepared by Technical Committee CEN/TC 278
“Intelligent transport systems”, the secretariat of which is held by NEN.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a standardization request given to CEN by the European
Commission and the European Free Trade Association.

As a user of this document, attention is drawn to the resources of
www.datex2.eu < http://www.datex2.eu/>. This website contains related software tools and software
resources that aid the implementation of EN 16157 DATEX IL

According to the CEN/CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to announce this Technical Specification: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of
North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom.
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Introduction

This document defines a common set of data exchange specifications to support the vision of a seamless
interoperable exchange of traffic and travel information across boundaries, including national, urban,
interurban, road administrations, infrastructure providers and service providers.

Standardization in this context is a vital constituent to ensure that interoperability, reduction of risk,
reduction of the cost base and promotion of open marketplace objectives are achieved that will lead to
many social, economic and community benefits as a result of more informed travellers, network
managers and transport operators.

With the aim to support sustainable mobility in Europe, the European Commission has been supporting
the development of information exchange mainly between the actors of the road traffic management
domain for a number of years. In the road sector, DATEX Il has been long in fruition, with the European
Commission being fundamental to its development through an initial contract and subsequent
cofounding through the Euro-Regional projects, and well as support for Programme Support Action
activities.

DATEX Il is referenced within European regulations:

— EU Commission Delegated Regulation, (EU) 2013/885 of 15 May 2013 regarding the provision of
information services for safe and secure parking places for trucks and commercial vehicles,

— EU Commission Delegated Regulation, (EU) 2013/886 of 15 May 2013 regarding data and
procedures for the provision, where possible, of road safety-related minimum universal traffic
information free of charge to users,

— EU Commission Delegated Regulation, (EU) 2015/962 of 18 December 2014 regarding the provision
of EU-wide real-time traffic information services,

— EU Commission Delegated Regulation, (EU) 1926/2017 of 31 May 2017 regarding the provision of
EU-wide multimodal travel information services.

This document includes the framework, context and specification for exchanges, the modelling approach,
data content, data structure and relationships.

This document supports a methodology that is extensible.

This document, which is Part 9 of the CEN 16157 series, deals with the publication of traffic signal related
information that is most relevant in the urban environment. It specifies the structures and definitions of
information that may be exchanged within two publications:

— The Map Data publication conveys static information related to the intersections and road segments
belonging to a road network, related to traffic signal-controlled intersections. The Map Data
Publication is the translation in UML of the MapData message (MAP) as it is defined in
CEN ISO/TS 19091 and its European profile.

— The Traffic Signal Phase and Timing Publication conveys the dynamic information related to traffic
signal-controlled intersections belonging to a road network. Traffic Signal Phase and Timing
Publication is the translation in UML of the SignalPhaseAndTiming message (SPAT) as it is defined in
CEN ISO/TS 19091 and its European profile.

Both publications are specified as Level B Extensions to the DATEX Il model.

The present document was developed by project team PT1709 funded by the European Commission
under grant agreement SA/CEN/GROW/EFTA/546/2016-10 'Urban ITS - Traffic Management Data
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Models and interfaces' (M/546 [1]). The focus of M/546 is Intelligent Transport Systems in the urban
environment - but this does not preclude this document being used in the non-urban environment.

It is noted that the terms and concepts utilized in this document draw heavily on those defined in
CEN ISO/TS 19091 and SAE J2735.
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1 Scope

This document constitutes a part of the CEN 16157 DATEX II series of standards and technical
specifications. This series specifies and defines component facets supporting the exchange and shared
use of data and information in the field of traffic and travel. The component facets include the framework
and context for exchanges, the modelling approach, the data content, the data structure and relationships
and the communications specification.

Part 9, this document, specifies additional data model structures that are applicable for traffic signal
management applications in the urban environment. This part specifies data concepts to support the
exchange of traffic signal status messaging, intersection geometry definition and attribution in a
consistent way with existing C-ITS standards and technical specifications.

[t establishes specifications for data exchange between any two instances of the following actors:

— Traffic Information Centres (TICs),
— Traffic Control Centres (TCCs),
— Service Providers (SPs).

Use of this document may be applicable for use by other actors.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

EN 16157-1:2018, Intelligent transport systems - DATEX Il data exchange specifications for traffic
management and information - Part 1: Context and framework

EN 16157-2, Intelligent transport systems - DATEX Il data exchange specifications for traffic management
and information - Part 2: Location referencing

EN 16157-7:2018, Intelligent transport systems - DATEX Il data exchange specifications for traffic
management and information - Part 7: Common data elements

CEN ISO/TS 19091:2017, Intelligent transport systems - Cooperative ITS - Using V2I and 12V
communications for applications related to signalized intersections

SAE J2735:2016, Dedicated Short Range Communications (DSRC) Message Set Dictionary
3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 16157-1, EN 16157-2 and
EN 16157-7 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

e ISO Online browsing platform: available at http://www.iso.org/obp

e [EC Electropedia: available at http://www.electropedia.org/
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3.1
bit string
simple type whose distinguished values are an ordered sequence of zero, one or more bits

[SOURCE: ISO/IEC 8824-1:2015]

3.2

egress path

egress

flow of vehicular or other types of traffic leaving an intersection on one or more of the defined lanes of
travel

[SOURCE: SAE J2735:2016]

3.3

ingress path

ingress

flow of vehicular or other types of traffic approaching an intersection on one or more of the defined lanes
of travel

[SOURCE: SAE ]2735:2016]

3.4

lane

strip of carriageway intended to accommodate a single line of moving vehicles, frequently defined by road
markings

[SOURCE: ISO 6707-1:2017]

3.5

link

directed topological connection between two nodes, composed of an ordered sequence of one or more
segments and represented by an ordered sequence of zero or more shape points

[SOURCE: ISO/TS 20452:2007]

3.6
manoeuvre
collection of related links and turns used in a route in combination

Note 1 to entry: ~ Manoeuvres are used to cluster turns into convenient and legal combinations. They could be as

simple as a single turn, a combination of quick turns or very complex combinations consisting of entry, exit, and
connecting roadways.

[SOURCE: EN IS0 19133:2007]
3.7
node

0-dimensional topological primitive

[SOURCE: EN ISO 19107:2005]
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3.8

vehicle trajectory

trajectory

path of a selected point on the vehicle in the earth-fixed coordinate system

|[SOURCE: ISO 8855:2011]

4 Conformance
The Traffic Signals Namespace sub-model is a part of the DATEX II platform independent data model. The
Traffic Signals Namespace sub-model corresponds to a Level B extension as defined in EN 16157-1.

Conformance with this Part shall require platform independent models from which platform specific
models are generated to comply with the UML modelling rules defined in EN 16157-1 and with the
following requirements of this sub-model, which are expressed in this document:

— comply with all stipulated minimum and maximum multiplicity requirements for UML elements and
relationships,

— comply with all definitions, types and ordering,

— employ optional elements as specified,

— comply with all expressed constraints.

It should be noted that conformance of a publication service with all the structural requirements stated

above does not necessarily ensure that the informational content of that service will be semantically
comprehensible.

5 Symbols and abbreviations

DE Data Element

DF Data Frame

GUID Globally Unique identifier

ITS Intelligent Transport Systems
PIM  Platform Independent Model
SPaT Signal Phase and Timing
UML  Unified Modelling Language

6 UML notation

The UML notation used in this document is as described in ISO/IEC 19505. An explanation of the UML
notation used in this document is provided in EN 16157-1.

7 TheTrafficSignals model
7.1 Overview
The TrafficSignals model shall comprise the packages used in the SignalPhaseAndTiming Publication and

the MapData Publication and the Classes and Enumerations specific for these publications. Figure 1
illustrates the sub-packages contained within the Traffic Signals package, which shall include the
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SignalPhaseAndTimingPublication package, the MapDataPublication package, the data types and the
enumerations within the <<D2Namespace>> TrafficSignals.

class TrafficSignals /

«D2Package»
DataTypes

{7 + BitStrings
[7] + Generic
{7 + Specific

«D2Package»
SignalPhaseAndTimingPublication

«D2Package»
Enumerations

+ AdvisorySpeedTypeEnum

+ ExceptionalConditionEnum

+ LanePositioningEnum

+ MovementPhaseStateEnum
+ NodeAttributeXYEnum

+ PrioritisationResponseStatusEnum
+ PtvRequestTypeEnum

+ RestrictionsAppliesToEnum

+ SegmentAttributeXYEnum

+ SpeedLimitTypeEnum

+ TimelntervalConfidenceEnum

+ AdvisorySpeed

+ ConnectionManoeuvreAssist
+ EnabledLane

+ IntersectionState

+ |tsStationPosition

+ MovementEvent

+ MovementState

+ PrioritisationResponse

+ SignalPhaseAndTiming

+ SignalPhaseAndTimingPublication
+ TimeChangeDetails

«D2Package»
MapDataPublication

+ GeometryReferenceld

+ IntersectionGeometry

+ MapData

+ MapDataPublication

+ RestrictionClassAssignment
+ RestrictionUserType

+ RoadSegment

+ SignalHeadLocation

[P [ T T

+ Genericlane
{77 + Geometry
{77 + NodeSetXy

Figure 1 — The “TrafficSignals” package class model

As illustrated in Figure 2, the “SignalPhaseAndTimingPublication” class and the “MapDataPublication”
class shall be specializations of the GenericPublication class, as specified in CEN / EN16157-7, with the
relationships defined as D2LevelBExtension. A dedicated namespace “TrafficSignals” has been created to
host them, which uses the namespace prefix “tsi”.

NOTE For most applications using the TrafficSignals, model use of both the SignalPhaseAndTiming and
MapData Publications can be expected due to the cross-referencing between the two Publications.

Full document details: PD CEN/TS 16157-9:2020
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class TrafficSignalsPublications /

«D2Class»

PayloadPublication
Classes::GenericPublication

«D2Attribute»
+ genericPublicationName: String

«D2LevelBExtension» «D2LevelBExtension»
«D2Class» «D2Class»
MapDataPublication::MapDataPublication SignalPhaseAndTimingPublication::
____________________________________ SignalPhaseAndTimingPublication
«D2Attribute»
+ mapDataPublicationReference: VersionedReference

Figure 2 — The “TrafficSignals” publications

7.2 <<D2Package>> MapDataPublication

7.2.1 Overview

The package “MapDataPublication” supplies classes and attributes for the static information related to
the intersections and road segments belonging to a road network. The “MapDataPublication” class shall
be defined as a Level B Extension to the “GenericPublication” class. The package “MapDataPublication” is
the translation in UML of the MapData message (MAP) as specified in CEN ISO/TS 19091 and specifically
its European profile (Annex G), which heavily relies upon terms, definitions and concepts from the
standard SAE ]J2735. It is pictured including the relationships between the classes in Figure 3.

The MapDataPublication is used in combination with the second publication defined in this document,
i.e. “SignalPhaseAndTimingPublication” which represents the dynamic content of the stages and phase of
traffic signals. As both publications are DATEX II extensions they are located in the “Extension”
namespace of the DATEX II tree structure, under the parent package “TrafficSignals”.
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class MapDataPublication )

«D2Class»
Classes::HeaderInformation

GenericPublication

«D2Class»

«D2Attribute»

MapDataPublicati i
apbeiai S el «D2Relation» 0.1|+ confidentiality: ConfidentialityValueEnum [0..1]
+ allowedDeliveryChannel: InformationDeliveryServicesEnum [0..*]
+ informati Informati 1sEnum
«D2Relation»
1..*
P «D2dentifiable
b +signalHeadLocations SignalHeadLocation
«D2Attribute» «D2Relation» 0..64 | «D2Attribute»
+ timeStampiDa SIS + signalGroupld: LaneOrSignalld
+ layerld: Layerld [0..1]

«D2Relation» «D2Relation» «D2Relation» «D2Relation»

+restrictionList 0..254 +nodeXYZ|1

+intersections 0..32 +roadSegments 0..32

«D2Class»
RoadSegment

«D2Class»
IntersectionGeometry

PointCoordinates::

RestrictionClassAssignment
e < PointByCoordinates

«D2Identifiable» ‘ ] «D2Class» ‘

«D2Attribute»
+ id: RestrictionOrConnectionld

«D2Attribute»
+ bearing: AnglelnDegrees [0..1]

1
«D2Relation» «D2Relation»
1
+users (1..16
LinearLocation «D2Class» panrc «DZCIass.» " ‘
«D2Versionedldentifiable» R
Geometry::Geometry D2Attribut
RNl +« Iamur;euFeIZat
«D2Attribute» + basicType: RestrictionsAppliesToEnum + longitude: Float
+ name: String [0..1] + fuelType: FuelTypeEnum [0..1] oo

+ revision: MsgCount
+ laneWidth: MetresAsFloat [0..1]

O
«D2Relation»
«D2Relation»
+id[1 0.1
«D2Class» «D2Class»
GeometryReferenceld VehicleCharacteristics::Emissions
«D2Attribute» «D2Attribute»

+ region: RoadRegulatoryld + emissionClassificationEuro: EmissionClassificationEuroEnum [0..1]
+ id: Geometryld + emissionClassificationOther: String [0..*]
+ testing: Boolean + emissionLevel: LowEmissionLevelEnum [0..1]

Figure 3 — The MapPublication class model

7.2.2 Semantics

The entry point of this package is the class “MapDataPublication”. Being an extension, it is derived from
the “GenericPublication” class defined in EN 16157-7. It shall contain at least a set of data defining
different road geographic features (class “MapData”). As every publication in DATEX II it is associated
with general information (class “HeaderInformation”) representing among others its status (e.g. if it is
“real” or for “test”). This latter class in defined in EN 16157-7.

This set of road geographic features may include data related to:

— Complex intersections description (class “IntersectionGeometry”) (up to 32 different instances);
— Road segments description (class “RoadSegment”) (up to 32 instances);

— Restrictions applicable to a road user category (class “RestrictionClassAssignment”) (up to 254
instances);
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— The position of traffic signal heads (class “SignalHeadLocation”) (up to 64 instances).

Each occurrence of map data may be timestamped.

Every intersection description and every road segment description are based on a common geometrical
description realized by the “Geometry” class. Each occurrence of the class is identified through the
identification mechanism of DATEX I as specified in EN 16157-7 (stereotype “D2Versionedldentifiable”).
It shall own a revision number (between 0 and 127) incremented at each revision to communicate the
valid release of the geometry description for the same publisher. If there is no change in the deployed
geometry description, the same revision counter is transmitted. If a revised deployment of the geometry
description (e.g. new lane added, identifiers changed, etc.), the revision number is increased by one. This
number shall be reinitialised, when the publisher changes, or when the value 127 is reached.

Every occurrence of geometry may be given a name and/or a lane width, which is used as a default value
for all the described lanes unless a new lane width is provided. It shall be given a unique external
reference identification (class “GeometryReferenceld”) which shall be composed of an identifier (integer
number between 256 and 65535). In case of testing usage, the corresponding flag (“testing”) shall be set
to “true”. The “region” attribute may be used to identify a local road authority assigning generic reference
identification for intersection geometries or road segments.

NOTE The usage of such an external reference identification is only of interest for creating MAP and SPAT
messages. [t is not used internally.

Every position of traffic signal head is defined by a geographic point defined by coordinates (according
to CEN ISO/TS 19091:2017,G.5.2.7, this definition shall be tridimensional).

7.3 <<D2Package>> Geometry

7.3.1 Overview
The package “Geometry” supplies classes and attributes for the definition of a geometry usable when

defining geometric features of an intersection or a road segment including the relevant attributive items
of these features. It is pictured including the relationships between the classes in Figure 4.
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class Geometry )

NetworkLocation

«D2Class»
LocationReference::LinearLocation
SO

«D2LevelBExtension»

‘ «D2lIdentifiable»
«D2Versionedldentifiable» Genericlane::GenericLane
Geometry

+laneSet | «D2Attribute»
«D2Attribute» N = + laneld: LaneOrSignalld [0..1]
+ name: String [0..1] «D2Relation» 1..255 [+ name: String [0..1]
+ revision: MsgCount + manoeuvres: AllowedManoeuvres [0..1]

+ laneWidth: MetresAsFloat [0..1]

ICECH
«D2Relation» «D2Relation»
+refPoint |1 +speedLimits 0.9
«D2Class» «D2Class»
PointCoordinates:: RegulatorySpeedLimit
PointByCoordinates
«D2Attribute»
«D2Attribute» + type: SpeedLimitTypeEnum
+ bearing: AnglelnDegrees [0..1] + speed: KilometresPerHour
d
«D2Relation» «D2Relation»
1 +forVehiclesWithCharacteristicsOf |0..*
«D2Class» «D2Class»
PointCoordinates::PointCoordinates VehicleCharacteristics::VehicleCharacteristics
«D2Attribute» «D2Attribute»

fuelType: FuelTypeEnum [0..*]
loadType: LoadTypeEnum [0..1]
vehicleEquipment: VehicleEquipmentEnum [0..1]
vehicleType: VehicleTypeEnum [0..*]
vehicleUsage: VehicleUsageEnum [0..1]
yearOfFirstRegistration: Year [0..1]

+ latitude: Float
+ longitude: Float

+ 4+ o+ o+

Figure 4 — “Geometry” package class model

7.3.2 Semantics

The common geometry description is defined by the class “Geometry” which is already defined in 7.2.2.
To this geometry are associated:

— One point location (class “PointByCoordinates” associated through “refPoint”) which represents a
reference of this intersection of this road segment (e.g. for representational purpose). According to
CEN ISO/TS 19091 this point shall be defined in three dimensions. This point is defined as required
in EN 16157-2. This point may be used for calculating the offsets of the other points belonging to the
same geometry during the MAP message generation;

— Asetof up to 9 speed limit values (class “RegulatorySpeedLimit”) applicable to the whole geometric
element and corresponding to certain types and to the vehicle type (class “VehicleCharacteristics”).
This latter class is defined in EN 16157-7;
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— A set of up to 255 generic lane definition (class “GenericLane) which allow describing every lane
belonging to the Geometry feature in terms of geometry, topology and attributes.

The “<<D2Class>>Geometry” class shall be the only entry point of the “Geometry” package and is a
specific Versionldentifiable instance.

7.4 <<D2Package>> GenericLane

7.4.1 Overview

The package “GenericLane” supplies classes and attributes for the definition of a generic lane part of an
intersection or a road segment including the relevant attributive items of these features. It is pictured
including the relationships between the classes in Figure 5.

The notion of generic lane is taken in a very wide meaning. Items, such as “pedestrian crossing”,
“pavement” or “parking lanes”, are also considered as “generic lanes”.
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7.4.2 Semantics

A generic lane is defined as an elementary element of a road. Its description includes a geometric
description of its centreline (class “NodeListXY”), information about attributes (class “LaneAttributes”)
and about connectivity to other lanes (classes “Connection” and “ConnectionTrajectory”). Each
occurrence of generic lane shall have an external lane identifier, which is used when building MAP
messages. If the identity of Laneld is unknown the Laneld attribute shall not be supplied. Information on
the allowed manoeuvres may be added using the attribute “manoeuvres”. When another lane shares a
part of its reference centreline with the considered generic lane, the references of these lanes are added
through the class “OverlayLane”.

The geometric definition of this lane can be achieved using two methods:

— Using a sequence of nodes (class “NodeSetXY”). This method is specified in 7.5;

— By computing it from another lane geometry by using mathematical transformation as translations,
rotation and/or homothecy (class “ComputedLane”).

The connectivity with other lanes is defined in two ways:

— The first way is based on the class “ConnectionTrajectory” that links it with a sequence of nodes (class
“NodeSetXY”) with a given traffic signals stage (class “LaneConnection”). Only up to 4 trajectories are
allowed being defined following this way and according to CEN ISO/TS 19091:2017, G.5.1.2. In case
a lane has more than 4 connecting trajectories, priority should be given to connecting trajectories of
motorised traffic and complex manoeuvres. Figure 6 (source: CEN ISO/TS 19091:2017, Figure G.3)
illustrates how such a connection trajectory is defined.

Documents
16 Document Sharing Hub

Full document details: PD CEN/TS 16157-9:2020


https://doi.org/10.3403/PDCENTS16157?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

| |
CEN/TS 16157-9:2020 (E)

Trajectory

Key
L6-01
L2-01
T2-01
T2-07
Trajectory

EXAMPLE

T2-01

first node of L6 (egress lane)

first node of L2 (ingress lane)
first node of Trajectory
last node of Trajectory

connecting lane 2 with lane 6

Figure 6 — ConnectionTrajectory (Source: CEN ISO/TS 19091:2017)

The connecting trajectory on this figure is defined between the ingress lane 2 and the egress lane 6.

The two nodes T2-07 and L6-01 share the same point location.

— The second way is based on the class “Connection” that links it with another lane (class
“ConnectinglLane”) and optionally with a traffic signals group (attribute “signalGroup” which refers
to the class “SignalHeadLocation” see 7.2.1) and/or a user restriction class assignment (attribute
“userClass” which refers to the class “RestrictionClassAssignment”). According to SAE ]2735:2016,
6.14, the attribute “signalGroup” shall be provided except in case the intersection is not signal
controlled. Up to 16 connections are allowed being defined following this way. Figure 7 (source:
CENISO/TS 19091:2017, Figure G.5) illustrates how such a connection is defined.

Documents
Document Sharinﬂ7Hub

Full document details: PD CEN/TS 16157-9:2020


https://doi.org/10.3403/PDCENTS16157?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

I |
CEN/TS 16157-9:2020 (E)

/

L6-01

O @@

l L09-01
ﬁ

L6-02

-
b IEI ConnectsTo
/ ;
— L=

L2-01
\
L2-02
\\
o ' @
Key
L6-01 first node - egress lane
L6-02 last node - egress lane
L2-01 first node - stop bar - ingress lane
L2-02 last node - ingress lane
L09-01 first node - egress lane
L09-02 last node - egress lane
EXAMPLE The lane 2 of the Figure 7 is connected through the class “Connection” (association end

“connectsTo”) to the other lanes 6 and 9.

Figure 7 — Vehicle Lane (source: CEN ISO/TS 19091:2017)

The attributes of a generic lane are assigned using the class “LaneAttributes”. There is information about
the direction of use of the lane (in terms of ingress or egress movement), if the lane is shared by different
users (e.g. by pedestrians and cyclists) or if there are vehicle restrictions (height or weight). In addition,
a setof indicators are added with the class “LaneTypeAttributes”. These indicators are specific to the type
of lane, i.e. if it is a lane assigned to vehicles (class “VehicleLane”), or to bicycles (class “BicycleLane”) or
to rail vehicles (class “RailVehicleLane”) or if is a pedestrian crossing (class “PedestrianCrossing”) or a
pavement (class “Pavement”) or a central reservation (class “CentralReservation”) or for striping (class
“Striping”).

7.5 <<D2Package>> NodeSetXY
7.5.1 Overview
The package “NodeSetXY” supplies classes and attributes for the definition of a geometric path of a lane

including attributive items of these features. It is pictured including the relationships between the classes
in Figure 8.

Documents
18 Document Sharing Hub

Full document details: PD CEN/TS 16157-9:2020


https://doi.org/10.3403/PDCENTS16157?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

| |
CEN/TS 16157-9:2020 (E)

class NodeSetxY

NodelListXY
«D2Class»

NodeSetXY

«D2Relation»

2..63 {ordered}

«D2Class»
NodeXY

«D2Relation»

+delta 1

«D2Class»
PointByCoordinates

«D2Attribute»
+ bearing: AnglelnDegrees [0..1]

«D2Relation»

«D2Relation»

+nodeld 0..1'+nodeldLink 0..5

«D2Class»
Nodeld

«D2Attributen
+ id: Integer
+ lane: Reference [0..1]

«D2Class»
LaneAngle

«D2Attribute»
+ laneAngle: MergeDivergeNodeAnglelnDecimalDegrees
+ laneAngleUnavailableOrUnknown: Boolean

«D2Relation»

+attributes 0.1

«D2Class»
NodeAttributeSetXY

-

«D2Attributen
localNode: NodeAttributeXYEnum [0..8]
disabled: SegmentAttributeXYEnum [0..8]
enabled: SegmentAttributeXYEnum [0..8]
dWidth: MetresAsFloat [0..1]
ptvRequest: PtvRequestTypeEnum [0..1]

«D2Relation»

+data |0..8

«D2Class»
LaneDataAttribute

speedLimits

«D2Class»
RegulatorySpeedLimit

«D2Attributen
+ type: SpeedLimitTypeEnum
+ speed: KilometresPerHour

«D2Relation»

«D2Class»
SpeedLimitList

«D2Class»
LaneCrownPoint

«D2Attribute»
+  laneCrownPoint: CarriagewayCrownAnglelnDecimalDegrees
+ crownPointPositioning: LanePositioningEnum

+  laneCrownUnknown: Boolean

«D2Class»
PathEndPointAngle

«D2Attributen
+ pathEndPointAngle: DeltaAnglelnDegrees

Figure 8 — “NodeSetXY” package class model

7.5.2 Semantics

A geometric path of a lane is defined by a set of up to 63 nodes (class “NodeXY”) (with at least 2 instances

as a minimum).

A node is a 0-dimensional topological primitive (as defined by EN ISO 19107:2005) that is defined by:

— A three-dimensional

point by

coordinates

delineating this
“PointByCoordinates”). This definition complies with EN 16157-2;

node geometrically (class

— Optionally an attribute set (class “NodeAttributeSetXY”) which includes the corresponding node
identifier (class “Nodeld” with the association end “nodeld”) and the identifiers of up to 5 identifiers
of nodes linked to the considered node (through the association end “nodeldLink”). It helps to
precisely describe a link from a lane node to one or more nodes of another lane (see
CEN ISO/TS 19091:2017, G.8.2.9). It may also include the local lane width at this location and
different additional attributes.
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These additional attributes are:

— Asetof up to 8 attributes characterizing the node itself (seen as a point) (attribute “localNode”).

EXAMPLE: if the attribute “localNode” contains the value “stopLine” (enumeration item from the enumeration
“NodeAttributeXYEnum” - see A.4.5) it means that a stop line exists across the considered lane.

— Two sets of up to 8 attributes characterizing the segment defined by the node and the subsequent
one (seen as a straightline). Each list is associated with the status attributes (“enable” and “disable”),
which reflects whether it is enabled or disabled.

EXAMPLE: if the attribute “enable” contains the value “merginglLanelLeft” (enumeration item from the
enumeration “SegmentAttributeXYEnum” - see A.4.9) it means that the left side lane is merging with the considered
lane).

— The “ptvRequest” attribute is used to qualify an activation request (used for C-ITS migration of legacy
public transport prioritization systems - see CEN ISO/TS 19091:2017, G.5.3.2).

7.6 SignalPhaseAndTiming Publication

7.6.1 Overview

The package “SignalPhaseAndTimingPublication” supplies classes and attributes for the dynamic
information related to the intersections belonging to a road network. It is the translation in UML of the
SignalPhaseAndTiming message (SPAT), as it is defined in the standard SAE ]J2735. Itis pictured including
the relationships between the classes in Figure 9.

It is used in relation with the first publication defined in this document, i.e. “MapDataPublication”, which
represents the static content of the traffic signals. It shares the same namespace TrafficSignals with the
namespace prefix “tsi”.
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«D2Attribute»
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signalGroup: Reference
signalGroupUnknownOrUnavailable: Boolean
permanentGreenMovementStatus: Boolean

+
+
+
+

e

«D2Relation» «D2Relation»
0.5
+stateTimeSpeed |1..16 ‘
«D2Class»
coplates ‘ ItsStationPosition
MovementEvent

«D2Attribute»
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+ laneld: Reference [0..1]

+ timeReference: TimeReference [0..1]

«D2Attribute»
+ eventState: MovementPhaseStateEnum
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= LD «D2Class»
AdvisorySpeed +nodeXY |0..1

e

[P

Figure 9 — SignalPhaseAndTimingPublication” package class model

7.6.2 Semantics

The entry point of this package is the class “SignalPhaseAndTimingPublication”. Being an extension, it is
derived from the “GenericPublication” class defined in EN 16157-7. It shall contain at least a set of data
defining the status (class “SignalPhaseAndTiming”) of a set of 1 to 32 intersections (class
“IntersectionState”). The class “SignalPhaseAndTiming” may carry a descriptive name of the set, the
creation timestamp and the binary version (using UPER encoding as specified in ISO/IEC 8825-2) of the
corresponding SPAT message. As every publication in DATEX Il it is associated with general information
(class “HeaderInformation”) representing among others its status (e.g. if it is “real” or for “test”). This
latter class is defined in EN 16157-7.

Each occurrence of the class “SignalPhaseAndTiming” shall be related to an occurrence of the class
“IntersectionGeometry”, which contains the descriptive data of the considered intersection for which
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signal phase and timing information is provided. It shall also contain status information about the
corresponding signal controller. It may have a descriptive name for the intersection and a creation time
stamp. When revocable lanes are present in the corresponding map data definition (e.g. a tidal lane or a
hard shoulder is opened to traffic) and marked as it, it is possible to identify their status change through
the class “EnabledLane”.

To each occurrence of “IntersectionState” correspond a number of stage descriptions each corresponding
to a movement (class “MovementState”) is related to a group of traffic signal heads defined through the
MAP data publication. Additional Boolean attributes shall be used for indicating if this group identifier is
unavailable (attribute “signalGroupUnknownOrUnavailable”), or if the movement corresponds to a
permanent green movement (attribute “permanentGreenMovementStatus”). In turn, an occurrence of
“MovementState” is composed of one or several signal stages associated to the movement. Optional
information on advisory speeds (e.g. associated to a green wave) or details about the corresponding stage
time (start or end) may be added.

In case prioritization procedure (like for public transport) is active additional information about the
corresponding ITS station identifier (ITS-S-ID), the corresponding traffic signal group and the response
status is provided through the class “PrioritisationResponse”.

Additional information on lane and manoeuvre (class “ConnectionManoeuvreAssist”) may be brought
either globally to the intersection (associated to the class “IntersectionState”) or to a specific movement
(when associated with the class “MovementState”). This additional information can relate to queue
length, available storage length or if a pedestrian or a cyclist is detected. The attribute “connectionld” is
used to associate a given movement stage to an already defined group of lanes through the class
“LaneConnection” (see 7.4).
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Annex A
(normative)

Data Dictionary

A.1 Overview

This data dictionary includes the definitions and characteristics of the different classes, attributes,
association ends, data types and enumerations appearing in the data model defined in Clause 7. The data
dictionary is specified in three parts, one for packages, one for <<D2Datatypes>>and one
for <<D2Enumerations>>, each ordered alphabetically.

The generic data types that are used throughout all publications are defined in EN 16157-7:2018, 6.3.

The first part of the data dictionary is partitioned into subclauses that relate to each of the UML model
packages and each subclause defines the contained classes, their attributes and any association ends
defined for associations between the classes within that package.

The Data Dictionary tables use the following columns:
1) Column Class name: it provides the symbolic name (Upper Camel Case) given to the corresponding

class,

2) Column Association End: it provides the symbolic name (Lower Camel Case) given to the
corresponding association end,

3) Column Attribute name: it provides the symbolic name (Lower Camel Case) given to the
corresponding attribute of a class,

4) Column Enumerated value name: It provides the symbolic name (Lower Camel Case) given to the
corresponding enumerated value,

5) Column Designation: it provides the corresponding name in natural language of the corresponding
class, attribute, association end or enumeration value,

6) Column Definition: it provides a comprehensive definition detailing the class, attribute or association
end,

7) Column Stereotype: it provides a statement of the stereotype that is assigned to the class, if any - see
EN 16157-1:2018, 6.2 for further details,

8) Column Abstract: it provides a statement as to whether the class is abstract (non-realizable) or
concrete (realizable),

9) Column Multiplicity: it provides a statement of the allowed multiplicity for the attribute or
association end,

10) Column Target: It provides the name of the class which is at the end of the association to which the
role applies,

11) Column Type: it provides the name of the class used to define the data type relating to the attribute
of the class.

Documents
Document Shari%Hub

Full document details: PD CEN/TS 16157-9:2020


https://doi.org/10.3403/PDCENTS16157?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

gnH BuLeys 1uawnaog ve
SIusWwinNd0
ou sse|nzda "9UB[ USAIS 913 0] pa3dauuo0d aue] U0NJ9UUO0D JUET UODaUU0)IUE]
[910Z:5¢L2[ AVS woly
paidepy] ‘(suef ay3 jo yred ay3 Suofe pijea sueaw juelsuod) adAy
ou sseDzd Aue jo uondLsap aue[ 9y} J0j pasn siajoureted JueISuOd Jo 19§ seInqrLilje aueq senquyaue]
ou sseDzd 'saInqLIne J1seq Jo 13s e Aq paqridsap adAy Aue jo auer] QUE[ JLIUdN) E i RIREYIETS)
[£10Z:T606T S.L/0SI NID :921n0S]
'S9pou alow 10 om} Aq pauyap SI A10323(eqy 9y, "UONDIISINUI
ou sseDzd ue Jo eate PIJuod oYy ysdnodyy 3Jui[eaerd Joj Aiojdalel], | A10308(eqy uondsuuo) | A10309(el[UONRIUUOY)
[oTt0Z:5¢L2[ AVS
woJj paydepy] qutod dois sy puodkaq aue[ JIayjoue 03 S}1AUUOD
ou sse|nzda aue[ 9[3Uls € Jo pud ay3 3e aul] dois ay3 moy ul[ierap elep Jo 19§ uondaUU0) u0[d3UU0Y)
ou sseDzd "S3JANdOURW JI10ads y3dno.ayl aue[ UsAI3 a3} 0] paldauu0d SUeT] aue[ dunodauuo) auedundIauu0’)
ou sseDzd "9UE[ J9YJ0UE WO.1J dUe] 9U0 JO SsIiajdweled [euoneinduio) aue[ panduio) aueTpaindwo)
ou sseDzd ‘peod AemagderLied [enp e Jo sAemageLLied ay3 suneredas ealy U0neAIaSal [eJ3U) U0 BAIISY[EJIU)
ou sse|nzda "d1jjea] 9[2401q 03 paledIpap aue] aue] 9[24d1g aueTaAdlg
pensqy adAfyoauas uonruyaq uoneusisaq dwreu sse[)

ageyped ,sueLIdUIN, 3} JO SISSE[) — T'V d[qeL

adeyoed ,sueLIduan, 3yl Jo sasse) 7'I'7V

aueToLIBUAN /uonediqndereqdejy/sieudisoyjes ] /uoisualxy/peojdedzq —

({4

:s1adexoed ,aueToLIBUSY), JO UONIBIO] Y],
aSeyoed ,sueLIauan, Jo uonedo] [TV
agdeyoed ,suepPLIdUdY, T'7'Y

sreusisoyje.l],, 1oj Areuondiq eleq 7'V

(2) 0202:6-LST9T SL/NHD


http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

anH mc_hmrmwwcms_soon_

S}

=1l lataYaVal
A\~ 4

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

“uonoatdon 91”0 03 $309UU0) 0,5109Uu02
AXISI'I9pON 17T ISI[ 3pON Isrepou
s9INqLIIyaue] 1°1 seInqrie saue seInqLIyaue| 9UETILIBUIY)
UONI3UUO0)IUE] 1°1 ] uonddUU0) pIuondauu0d
AX39S9poN 1°1 SOpoN sopou | A10303(e1 [ U0ODIUUOY)
uondaUU0)dUE] 10 ] uonddUU0) pIuonodauu0d
aue3unoauuo) 1°1 aue[ 3undsuuo) aue3undauu0d uondaUU0)
108.1e], Aprdnmpw uonuygaq uoneugisaqg pud UONBOSSY aureu sse[)
agdeyoed ,oueTdoLIdUIY, Y] JO SUONIBIOSSY — 7'V d[qeL
agdeyoed ,oueTdoLIduUdY),, Y] JO SUONIBDOSSY €£T'7'V
ou sseDzd "o1yje) [e1auagd Aq a[qesn 39a.13S e Jo 1ied QUE[ SIIYIA QUETIIIYIA
'asn oygads
e 10j pajeudisap 10 ‘9sn Je[ndIyaa .10j papuajul jou AemageLried
ou sse[zd 3} JO SUODas pajousdp ‘pajured usljo ‘sGuniewW peod [BIUOZLIOY guidLng Suiding
ou ssezd "SO[OIYDA pa[led 0] PaIedIpap 199.13S e JO 1Ied due[ 9dIYaA [1eYy QUETIPIYDA[IRY
ou sse[Dzd *}1 SS0.10 0} sueLnIsapad Aq pasn 39a.43S € Jo 1led duissoud ueLnsapad duissoapuernsapad
ou sseDzd "‘Aem100j ueLnsapad 10 Juswased JuswaAed JuawaAed
ou sseDzd ‘Bupyred a[d1YyaaA 10J paIedIPap 199.13S B JO 1Ied aue[ Sunjled aue3upiied
ou sseDzd "9UE[ PaIapISU0D 33 Sk IN0Ae] dwes a3 SuLIeys aue[ JayiQ aue[ Ae[1aAQ aueTAel18A0
"9UE[ 93 JO SUI[2.13UD
sof sseDzd douaIdjal a3 Jo yaed ornawoasd ay) Surqriosap syutod jo aouanbag A X3SI[ 9pON AX3ISI'TOPON
[910Z:5€L2[ AVS
sak sseDzd woJtj paidepy] 9dAy Aue jo aue[ e Jo SonSLIdEIEYD [[BISAQ| S9InqLmie adA) aue] senqriyadA [ aue
pensqy adfy0a19318 uonruyaq uoneusisaqg dwreu sse[)

(3) 020Z:6-LST9T SL/NAD



http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

gnH Buleys uawnaog 9¢
sjuawnoo0q
agejuaniad 10 ‘(spnmanye[) sixe-£ oy Suofe 1030ej ul[edS sixe-A a[eos SIXY A9[edS
ERLANERRER 170 ‘(epm13uoj) sixe-x ay) Suofe 1030ej SuUI[EedS SIXe-X 9[edS SIXYX9[edS
‘(suer ayy jo
sa9audag jutod 3s11j ay3 SI Sixe ay3) aue| pandwod
[ewDaqUId[SUY 10 93 Jo onfea 9[due uonelol [eqo[H A X @1e10yY AX31E101
"paureiqo st aue] payndwod
ERIEREIEN | 17T 91 UYDIYM WOJj dUE[ Y3} JO d0UDISJY [QELE ERLEREIEN LS CRALEREIEN
(W £9LZe+ pue w L9, 2E~
usomiaq) (epmnyer) uone[suen
JeO[ISYSa.oN 1T JOo 3ased ul sixe-£ ayl Suole anfea 13sPO stxe-£ 13sJ30 SIXY A19S}JO
‘(W £9LZe+ pue W L9/ 2E~
us9m1aq) (epna18uor) uone[suen
Je0[ISYSa.Io|N 1T JO 3sed ul sIXe-X 9yl Suole anfea 13s}0 SIXe-X 19S}J0 SIXYX319SJJ0 auepandwon
JaLLIE
gseinqruyaue] 1T "UOTIBAJISAI [BIIUID B JO SONSLIaoeIRy) UONIBAISSAI [BIIUD) UONEBAIISIY[EIUID UONEBAIISIY[EIIUI)
9[24d1
gsainqrumyaue 1T "9ue][ 9[2421q B JO SONISLIdNIEIRY) aue[ a[o4d1g aueTa[o4d1q aueTaAdlg
adAL Apidnmp uonuyaq uoneugisaqg dweu INQLINIY dweu sse[)
ageyoed ,oueTdoLIaudy, Y] JO SAIINQLINY — £V d[qeL
ageyoed ,oueTdolIdUdY), Y1 JO SAMQLINY F'T°TV
san
qunyadAaue] 11 adAy aue] adA1aue| sonqrnyaue]
£1010
ale1uonosuuo) 70 A103109(ea) uonDaUUOY) | Al10393[e1 ] UOIDaUUOD
QueTAe[IaAQ S0 sAe[1aAQ sAe[12A0
1981 ], Apidnmp uonuyaq uoneugisaqg pUud UONBIDOSSY dweu sse[)

(3) 020Z:6-LST9T SL/NID


http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

anH mc:mr_wwcms_soon_

SIusWwinNd0
‘(3 0 03 1enba 10 UEY
Souuo,, 170 I93ea13) W[ SSewW J[OIYaA WNUWIXEN SSeul 9[21YaA XEJ SSENRIIYaAXEW
(wgg'g pue
Je0[ISYSa.Ixv|N 10 0 U99M31aq) 1w IYSI9Y S[OIYdA WNWIXE]N 1y319Y 9[o1yaA Xep Y31oHaPIYa AXEW
"UOND9S.IaUT
93 woJj Julod Se Ppauydp UONRIAIIP
e U}IM UONE[dI Ul due| SIY} 10J pamoj[e
uonoaIIgaue] 1T dJe SUONDAIIp Jjeld YdIYym Sa3edipu] asn [euondali(q ds[euonIAIIp senqLmyaue]
durng 170 "9ue[ 931 03 USAIS aweu aAndLIdsa( duweN auweu
sa.1A [9102Z:5€L2[ AVS wo.y pardepy]
NaOUBPIMO[Y 10 "due[ SIY} 10j saianaouew papruriad ayy, S9IANIOUBN SaJ1AnaouBwW
‘(dnquine
[EUODIPUOD) UuMoOUNUN .0 J[qe[leAeun
SI 31 sueaw SIY} paplaoad jou SI 3 UIYAA
pI[euUSISIQaue] 170 "9UE[ Y3} 0} Paledo[[e JoYNuap! [eUIIX] d1 aueq pIaug| dUEeTILIaUdY
[910Z:5€L2[ AVS woy pardepy]
‘paldLisal ade aue| pue dnoid [eudis
ERIEREIEN | 170 91 JO asn JY3 SIAsSN UYOdIYm 03 Sa3edIpu] SSE[D J9s() sse[D1asn
[9T0Z:S€L2[ AVS WOy
paidepy] (pasieudis st aue] SupIaUUOID
93 9sed Ul jJuasald ag [[BYS) UORIDUUOD
a3 o031 guipuodsaiiod (a3essawl JedS ®
ERNEREIEN 170 u1 pasn) Jaynuapt dnoug [eugdis dyjes ay ], dnoug [eudis dnoanreugdis u0d3uU0)
salA "9ue[ 1930 93 Sp.IEMO) due[ UdAIS a3 JO
NaOUBPIMO[Y 10 PUD 93 1€ S9.IANI0UBUW PIMO[[e Y3 JO ISI'T 9IANd0UBJA d1AnaouewW
"9UEB[ USAIS a3}
ERIEREIEN | 17T 0} P93292UU0d due] 330 3] JO dOUDISJY aue] aue| aueT3unIauUu0)
adAL Apidnmp uonuyaq uoneugisaqg dweu INQLINIY dweu sse[)

(3) 020Z:6-LST9T SL/NAD



http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

gnH BuLeys 1uawnaog 8¢
SIusWwinNd0
Anawoan /uonediqndereqdejn/sieudisoyjel ] /uoisuaixy/peojdedzq —
:s1adexed ,A1n1ewoan,, Jo UOHIEI0] Y,
ageyoed  Anowoan, Jo uonedloT 9LV
adeypoed Anowody, STV
EIRIUE]
AS9INQLIIyaue] 11T "9UE[ S]JIYA B JO SINSLIIEIRY) SUE[ 3DIYIA JUETIIIY3A SUETIIIYIA
guidn
§saINqLInyaue] 11 ‘durdLis e jo sonsLiajoeley) guiding guidins guiding
S[IYaAe
seanqrmyaue] 11T "9UE[ S[2IY3A-pa[IE kB JO SINSLIdldeIey) QUE][ 9214 [Tey SUEBTIIIYD ATEI SUEBTIIYIAJIRY
gu
ISSOI)UEBLI}SaPd
dsanqrmyaueq 11T “du1sso.Jo uernsapad e Jo sansLIvlIeIRy) 3UISS0.ID UeLIISaPad duissoanuernsapad duissoanuelLnsapad
JusWAAE ‘Aemyo0j uernsapad
dsainqrmyaue 11 Jo Jjuawaaed e Jo  sonsLIdldIBIRY) juawaARd Juswaaed juawaAR]
dunyre
dsanqrmyaueq 11T -aue[ dunyled e Jo sonsLLldBIRY) aue[ dunjied aue3unyred aueT3unyred
‘noke|
ERNEREIEN 11T dwes a9y} SuLieys aue[ ay} JO 9JUaId)Y Aep1aA0 Aef1an0 dueTAe[18AQ
pluonoauu "duey Sy}
0)JIQUONILIISAY 11 01 a1qeoijdde adeys [eudis e jo Jaynuap| ] uonoauuo) pIuondauu0d UODaUU0)AUE]
aue[
durieysaueq 11T STy} SULIBYS SIasn J9Y30 dY3 JO UONBIIpU] JIIm pateys YIMPpaIeyS
adA], Ao dnmp uonruyaq uoneudisaqg dweu NQLINY dwreu sse[)

(2) 0202:6-LST9T SL/NHD


http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

anH mc:mrwwcms_soon_

SIusWwinNd0
Sonsu "S3[O1YdA dIJ103ds .10J ‘SMO[[0} JO SOnISLIgIoBIBYD JOSONISLIAY
91oBIRYDIIIYSA «0 yoym poaads ALiojendar jo adAy oyl |Yim  SI[OIYdA 10, | BIeYDIIASS[IIYSAI0) | NwrTpaadsAiorenday
HWITP
dadsAioren3day 670 syl paads A103e[ngal a0ualajay sy paads sywrypaads
‘pasn
saje s1jutod mau e [3un 33s}jo ale syuiod eyep
urpJoonAgiuiod 1T juanbasqns YoIym wodj 90UaJJaI JY, jutod Joy jurodjol
QueTILIaUaY) GGZ'T "S9UE[ 3.10W .10 U0 INOgE Ble( 19S QUET] BETNC100S)
pIaou
aJ19joyA1nouoan 1T al p! Anawoan
1981 ], Apidnmp uonuyaq uoneugisag pUud UONBIDOSSY duweu sse[)
a8eyoed  A1nowoan, 9y} Jo SUONBIIOSSY — SV d[qeL
ageyoed A1nawoan, 3y3 Jo SUONEDOSSY §'T'7'V
ou sseDzd "SMO[[0] Yo1ym paads A1orerngdal jo adA] ay, | yw] paads A10je[nday | 3twrypasdsAiolen3ay
JUaW3as peo. e 03 10 UONDIISINUI
ou sseDzd ue 0} 3uiduofaq A1owoasd Aemagerried ay3 jo uondriosap a3ajdwo) Anawoan Answoan
ensqy adf100a918 uoniuyaq uoneugisaqg dweu ssep)

adeyoed ,Anowoan , 9y} Jo sasse[) — 'V d[qeL

adeyoed ,Anowoayn, ay3 Jo sasse[) LTV

(3) 020Z:6-LST9T SL/NAD


http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

gnH Buleys uawnaog o€
SIusWwinNd0
agdeyoed , uonesrqndereqdep, 9yl Jo sasse[) Z1'1°2’V
uonediqndereqdey/seudisoyjel,/uoisuaixy/peojfedzd —
:s1adexped  uonedrnqndeieqdepy,, Jo uonedo[ ay],
agdeyoed  uonesiqndereqdep,, Jo uoned’o] I11' 12’V
adeypded  uonesrqndereqden, 01" T°Z'V
wnuy "SMO[[0]
adA Jywurypaads 11T yorym paads Aiojendas jo adAy ayy, adA], adfy
no (y/ur{ 8°e91
HI19dS2.119WO[Iy] 11 pue (0 usamilaq) onea ywi paads paads paads | ywrpaadsAiorenday
‘(e8essow
Jorid ay3 woay padueyd sey JUU0D Y}
uaym pagueyd SI Joquinu ay3}) sagdessaw
UNoH3s 1T JO weans B UMM Jaquinu aduanbag uoISIAdY uoIsiAal
durns 170 "duweu 9[qepea.l UBWNY duweN auweu
"UdAIS SI JAPIM MU B SSa[un
saue[ yuanbasqns [e Aq pasn (W £9.ZE
1e0[ISYSa.Iv|N 10 pue ( UdaMIdq) YIPIM  IDUIBJIY IpIM due] YIpIpmaue] Anawoan
adA], LApindnmp uonruyaq uoneusdisaqg awreu anqLmMy Jureu ssep)

adeyoed ,Anowoan, 9y} Jo SAINQLINY — 9'V d[qeL

adeyoed Anowoayn, 9y} jo saNqLINY 6'T°7V

(3) 020Z:6-LST9T SL/NID


http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

gnH mccmcmmcmrcsooc

Slusunaod
} EoE:m._.mm/w
SSE[DUONILISAY ¥SZ70 1SI] UOTIOLIISDY 1STTUONDLISAT
Juswdagpeoy Z2€70 SjuULUWIZaS PeoY sjuswgagpeod
Anow
090HU0ND9SIU] Al SUOI9SIAU] SU0NJ3SIaUI ereqdey
jo8ae], Ao dimpw uoniuyaq uoneudisaqg PUd UOIIBIDOSSY duwieu sse[)
adeyped  uonesdiqngereqde, Y3 Jo SUOIIBIIOSSY — 'V d[qEL
adeyped  uonesdigndgereqdep, 9yl Jo SUONILIIOSSY ST'T'T'V
‘uonisod
ou sse[zd 90UaI9Jal UONDISI9IUL oY} 0} UONE[ad Ul uonedo] peay [eudig| uonedo[ peay eudis uonedoTpeayeusis
[T-zL5L1
ou sse[nzd DU NOS] peol 1eys Suofe pus pue 1aeis sy Juiaey ‘peod e Jo 1Ied Juawdas peoy Juswdaspeoy
ou sseDzd *9d £} uoISSIW 21X0) UO Paseq UONILISAI SUIALIP 93 saulya(q | odA) 1osn uonornsay | odA[I9snuondrnsay
juawusisse JuaWu
ou sse[nzda sjuawae dew ay3 03 paudISSe UOIILIISAI JO SSE[D 93} S91edIpU] | SSE[D UOMOLIISIY | SISSYSSE[HUONILISIY
ou sse[nzda "sjualu0d elep dew [e19A3S 10 duo Jururejuod uonedrqnd [[ X4 LVa| uoneosrqndejep dejy| uoneoqndereqdepn
[s€2z[ AvS woyy pardepy :qDYNOS] -o8essouw o[3uls e urym
ou sseDzd sdew A110w093 due[ UOIIISIIUI S.I0W 10 dUO A3AUOD 03 39S BIe( ejep depy ereqdey
[s€Lzl AVS :ADYNOS] (uonesyisserd
Iasn woJdj 10 awn J9a0 A[dde Aew jey) suondILIISal Aloje[ngal
[euonippe Aue jo jusapuadapur) syied [euoneSiaeU Pamo[e S
ou sse[zd pue A119w o093 Aempeo. s,u0n29s193ul Ue Jo uondLnsap 39[dwod v | A139u093 U01303sIaU] | A139W09HUO0TIIISIAU]
JuaWUFISSe (J] UOND3SI9Ul
ou sseDzd pue [uoidal e jo 3Junsisuod 39S an[ea anbrun A[eqo[3 V| ] 90Ua19Ja1 A1}9W03Y) | P[9IUaIdJayAI1dU0aY)
pensqy ELFVGERERY uoniuyaq uoneusisaqg duwieu sse[)

(2) 0202:6-LST9T SL/NHD

adeyoed ,uonesrjqngereqdely,, ay3 Jo sasse[) — L'V d[qeL



http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

gnH BuLeys 1uawnaog (4>
SIusWwinNd0
auwiL[21e( 170 “1eaA 93 JO 9INUIN dweys swii], dweisown
‘'suondriosap
pliakeT 1”0 dVIN 981e[ jo sjuswidelj .J0j Xapul d1 1eLe pl1iake| ereqdey
*asn 3unsa] J10j S uonuyap
ueajoog 11 Anowoad Surpuodsaliod |y} SajeIIpU] dunsa, dunsay
pI N AJnuapt 03 LLioyine
A101e3aypeoy 11 d1jjeay 10 peod e 0} paugdisse anjea anbrup uoigay uoidal
"AjL10yIne peod
uaAI8 e 10j anbiun aq [[eys Jaqunu SIy]J,
prAnawoan 11 ‘A110W033 B 0] UJAIS JalIUapI [eUIdIX] ail pl| pIeoualsjoyAriomwoan
adA], Ao dnmmp uonruyaq uoneudisaqg dweu NqLINY dweu sse[)
agdeyped  uonesdiqndeleqdep, aY3 Jo SIIMqLINY — 6°V d[qeL
adexyped  uonesiqndereqdep, 3Y1 Jo sANQLINY T T°TV
saje
urpaoojAgauiod 171 Z A X 3PON ZAXapou uoned0TpedIHeusIS
suoIssIwy 1”0 suoIssIuy suoissiwe |  adAI9suUoNILIISAY
adA], ‘saijdde ] uonoLnsal sy} juswiu
JI9SUONILIISIY 91T Uyorym 03 sasse[d/sadA] Jasn jo 3sI| 9y, ISEN]| sIasn | JISSYSSE[)UONILIISIY
ereqdepn <1 elep dejy ereqdew
uol
JeuLIoJuU[Iapeay 1”0 uoneuLiojul Iapesay uoneuwLiojulIdpeay| uonedqndereqdepn
uon ‘uonisod 93Ua.19J9.1 UON}IDSINUIL
eJ0Tpeay[rUSIS ¥90 93 01 UOnE[dI Ul uUonedo| peay [eudi§| suonedo]peay[eudlS| suonedloTpesayeudis
1o8ae], Ao dnmp uonruyaq uoneudisaqg pUd UOIRIDOSSY dwreu sse[)

(2) 0202:6-LST9T SL/NHD



http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

anH mc:mrwmcmEsoon_

SIusWwinNd0
"pasn s131 ya1ym e juiod apou ay3 3e Inddo
ou sse|nzda UoIym 39S 9InqLile ay) ul sadueyd 910Ul 10 U0 A3AU0D 03 Pas()| A XI9S9NqLINIEIPON | AXI9SINLIIYIPON
"S9J101D pauyap JO 1SI| palelawnua Ue Wo.j Jusaw3as aue[ e 3uofe
sak sseDzd 10 juiod apou e Je anfea [013U0D B pue NLIIE Ue ][3I 0} PIs() aIngLnie ejep aueq aInqLmIyeIeaue]
ou sseDzd suonisod pauyap e ddeJINs peo. Jo Iaquied a3 SUIUIdIU0D Ble( juiod UMmo.Id due] JuI0JUMOI)IUE]
E100 ERIEREIER
ou sse|nzda 9} wWo.j ‘Oue] JaYjoue Jo UONDAIIP 10 d[3ue Y3 JO SonSLIdIdeIey) 9[3ue aue] d[duyaue]
pensqy ELFVGERERY uouyyaq uoneusisaqg dwreu sse[)
adeyded ,XX19S9PON,, Y3 JO Sasse[) — OT'V d[qelL
adexded ,AX19S9PON,, 3Y1 JO sasse[) LI'T'TV
AX31959poN/uonedrqndereqdey/s[eusisoyyel],/uoisuaixyg/peoiledzq —
:s1 ageyoed ,AXI9SIPON,, JO UOTILIO] 3],
adeyoed ,AX19S9PON,, JO UONEIOT 9T T'T'Y
agexped XX19S9PON,, ST TV
‘dJAndouewl/aue| siy3 10j agdessawl [VdS
pPI[EUSISIQaUET] 11 a3 £Aq puas dnougd [eudis Suiydjewr ayy, i dnoug [eudis pidnoanreugdis uonedoTpeayeusdis
winugadA [ [anyg 170 ‘[onj jo adAy ay, adA] [any adA1eny
WNu5o,[,S3l[
ddysuonoLnsay 11 'sad£) pasn A[uowtod 3sowW 9y} JO 39S Y adAy o1seq adA1o1seq| adA[19snNUONILIISIY
's19sn Jo
pluonodauu dnou3 s1yy 03 paugdisse si ey (uorda [eao[ Jus WU
0)JIQUONILIISY 11T J0 UOI}I3SIaul Ue UIYIIM) anfea anbrup al p1| SISSYSSE[DUONILIISIY
adA], Ao dnmp uonruyaq uoneudisaqg dweu NQLINY dwreu sse[)

(3) 020Z:6-LST9T SL/NAD


http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

0202Z:6-£S5L9L S1/N3ID Ad :slie1sp juawnoop |ind

gnH Buueys wawnoog ve
SIusWwinNd0
Hwrip
2adgAi0renday 61 Nl paads A103e[nday | ywripaadsAiorengal Isrpurpaads
AX39
S9INQLIIIYIPON 10 saINqLy senqrie
saje
urpaoo)Agiuiod 17T elad E}ep AX39PON
AX9PON €97¢ AX9PON AXapou AX39S9pON
(16061S.L/0SI N4D)
apou s1ya wo.j aue[/apou
PISPON S0 I9YJOUR JO 39S B 10 9UO 03 MUI] B SaUla(] Ul I 9pOoN Jurypepou
"(1606TS.L/0SI NHD) 381 @Inqre
PISPON 170 SIYy} 031 opou pajedosse ayl Saynuap| dl ®poN pIepou
an
qunyeleqaue] 870 ele( Blep | AX3ISSoINQLIIYIpON
jo8ae], A dimpw uonuyaq uoneudisaqg PUS UOIIBIDOSSY duwieu sse[)
ageyded ,AX19S9PON,, 3} JO SUOIIEIIOSSY — [T'V d[qeL
adeyded ,AX19S9PON,, 9Y} JO SUONIEIIOSSY BT T'T'Y
ou sseDzd "'sjuawidas [[e £q pasn sjiw] paads A103e[nda.l 9JUa13Ja.1 JO IST'] 3SI] 3wl paads Isrpyurypaads
-aur] dois ay3 aIm ugIfe 03 aueg|
ou sse[Dzd a3 jo o[due ypmm/juiod [euy jo jusunsn(pe Joj sonsieldetey) | d[duejurod pus yired d[duyiurogpugyied
ou sseDzd ‘yred e urjurod apou 9[3uls e .10j e3Ep P[OY 03 9INIONIIS B SIUISAI] X X 9PON AX9PON
ou sseDzd "S19SJJ0 AX SUIsSn SILIIUD 9PON JO ISI[ V XA X 239S 9poN AX39SOpON
(LT0Z:T606T SL/OSI NHD
ou sse[nzd DUNOS) 19 98essawl B Ul 9pOU B AJIIUSPI 0] Pasn JIaynuap| plapoN PIPPON
pensqy adfyoaials uonuyaq uoneusdisaqg duwieu sse[)

(2) 0202:6-LST9T SL/NHD


http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020
http://www.avadocuments.com/doc/pd-cen-ts-16157-9-2020

