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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Par

The main| task of technical committees is to prepare International Standards. Draft Intétnatio
Standardg adopted by the technical committees are circulated to the member bodies|for voti

[ 2.

hal
ng.

Publicatign as an International Standard requires approval by at least 75 % of the member bodfies

casting a yote.

In other c
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An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed

an IS
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ISO/TS 29284 was prepared by Technical Committee ISO/TC 204, Intelligent transport systems.
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Introduction

Probe vehicle systems are being investigated and deployed throughout the world. It is expected that
the number of practical systems will grow steadily over the next few years. In TC 204/SWG 16.3,
probe vehicle systems and probe data have been examined, and it is concluded that in many cases
communications airtime will be a scarce and expensive commodity, and therefore efficient probe data
reporting systems which rely on techniques to use airtime efficiently and economically are essential.
One way to accomplish this is to shift data aggregation tasks in to the probe vehicle itself. Vehicles that
feature thls advanced form of on board probe data processmg w111 report 1nformatlon based on the

c : : ' W yedata. Event-

baged probe data reportmg w111 allow economic use of commumcatlon capacity.

As|probe vehicle systems have to collect and manage probe data from a variety of vehicles from different
vehicle manufacturers, the standardization of these event-based messages is essential. To|do this, a
common framework for event-based probe vehicle message reporting is also regtiired.

The purpose of this projectis to develop (1) areference architecture for eventbased probe datajreporting
within an architecture which encompasses both this function and standard'probe datareportihg defined
in [SO 22837; (2) the basic data framework for defining event-based ptobe data messages; and (3) the
concrete definition of these messages.

Thee benefits of this standardization include:

— | It helps system developers and operators to specify efficiént probe data collection and processing
systems. It also promotes communication and mutualunderstanding among the developers and the
operators of probe systems.

—| It helps system developers who are developing probe vehicle systems to define a kdy tool for
communications-efficient probe data systems, i.e. event-based probe data reporting.

— | Probe data may be collected from varieus vehicles of different vehicle manufacturers. It provides a
common framework for handling event-based probe data.

© IS0 2012 - All rights reserved v
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Intelligent transport systems — Event-based probe vehicle
data

1 Scope
ThisTechnical Specifieats .

— | reference architecture for event-based probe vehicles which encompasses event-based yrobe data
and standard probe data elements (ISO 22837:2009);

—| basic data framework of event-based probe data reporting, based on ISO 22837:2009;

—| the definition of an initial set of event-based probe data elements. These elements will be gommonly
used in typical event-based probe data enabled application domainsssuch as traffic, wepther, and
safety. Standardizing these event-based probe data elements facilitates the developmenit of probe
vehicle systems and the distribution of probe data. This is not intended to be an exhaustfive listing
of event-based probe data probe data elements.

Thiis Technical Report provides a common framework for defining event-based probe data mgssages to
fadilitate the specification and design of probe vehicle systems:

It provides concrete definitions of event-based probe data elements.

It ferves as a supplement to ISO 22837:2009, and.specifies additional normative data (probe data
elgments) that are delivered by an event-based probe data system.

2 | Normative references

The following referenced documents-are indispensable for the application of this document.|For dated
reflerences, only the edition cited applies. For undated references, the latest edition of the feferenced
dofument (including any amendments) applies.

ISQ 22837:2009, Vehicle probe data for wide area communications

3 | Terms and definitions

For the purposesof this document, the following terms and definitions apply.

prpbevehicle system
system“consisting of vehicles which collect and transmit probe data and land-based centres which
collateandprocessdatafrommany-vehicles-to-build-anaeccurate understandingofthe overall roadway
and driving environment

[ISO 22837:20009, 4.1]

3.2

vehicle sensor

device within a vehicle that senses conditions inside and/or outside the vehicle or that detects actions
that the driver takes

[ISO 22837:20009, 4.2]

© IS0 2012 - All rights reserved 1
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3.3

probe data
vehicle sensor information formatted as probe data elements and/or probe messages that is processed,
formatted, and transmitted to a land-based centre for processing to create a good understanding of the
driving environment

[ISO 2283
3.4

7:20009, 4.3]

event-based probe message

stuctured,c

to a land-I

Note1toe

transmitted in a periodic manner. The transmission of an event-based probe message itself indicates that an ey

has occurr
occurring
on board s

change in gtatus of a standard probe data element (i.e. fog light switching state), or can refer-to a complex incid|

detected b

3.5
probe da
data item

[ISO 2283
3.6

event-baged probe data element
item of dafa included in an event-based probe message, typically describing the event that has triggel
the transrpission of the message

3.7

core data element

probe dat
[ISO 2283
3.8

probe medssage

structure

transmisdion to a land-baséd centre

Note 1 to ¢ntry: It is emphasized that a probe message should not contain any information that identifies

particular
probe mes
request th

[ISO 22837%:2009,'4.6]

39

pased centre
htry: An event-based probe data message is sent only when a specific incident or event occurs; 1t is
bd. An event-based probe message is defined as a probe message that is not triggered by‘a periodic{
ondition (i.e. time or distance). A typical trigger is the detection of a different situation by the veh

ystem (i.e. low visibility or traffic jam entry). An event may be defined as a simple lihcident, such 4

y a detection algorithm (i.e. traffic jam entry).

[a element
included in a probe message

7:2009, 4.4]

h element which appears in all probe’'messages

7:2009, 4.5]

 collation of data elemients suitable to be delivered to the onboard communication device

vehicle fromwhich it originated or any of the vehicle’s occupants, directly or indirectly. In deliverir
bage to betransmitted by the onboard communication device, the onboard data collection system ¥
it the message be packaged and transmitted without any vehicle or occupant identifying informati

hot
ent
11y
cle
sa
ent

ed

for

the
ga
vill
on.

processed probe data
data from probe data messages which has been collated and analysed in combination with other data

[ISO 2283

4 Refe

7:2009, 4.7]

rence architecture

4.1 Reference architecture for probe vehicle systems

The reference architecture for probe vehicle systems presents the initial categorization of system
components and their relationships from a conceptual point of view. A component is depicted as a

2
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UML class and represents an encapsulation of functions and data that is conceptually considered as
an individual entity in the probe vehicle system. A relationship is depicted as a UML association and
represents potential control and/or data flow among components.

Onboard data source

+Hource

Probe data element generation
original data

Th

e (
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e Probe data elementgeneration (from ISO 22837:2009). Probe data element generation cre
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ele
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Figure 1 — Overall structure of the reference architecture for probe vehicle syst¢

e followings are the components oftHis reference architecture.

nboard data source (from SO 22837:2009). The onboard data source provides origina
1 become a probe data element. Original data may be raw sensor data or data from othe
blications. Onboard dataseurces may be (various types of) sensors, onboard systems, etc.

fa elements from-original data. All of the following cases are included: 1) no processing (g
ment is identical-to original data), 2) normalize original data (probe data element is th
-forming a_calculation or transformation on original data), and 3) process original data t
v type ofddta (multiple items of original data are processed, possibly over a time period, t

probe.data element, e.g.“traffic jam detected”).

vent-based probe data element generation. Event-based probe data element generati

e [ ¢
Event based probe message generation target Probe col sctidg :_ Probe applicat

User

+arget

ource

tms

data that
r onboard

htes probe
robe data
e result of

generate
o0 produce

n creates

fr

m prnkn data elements that rnprncpnfc aoccurrence of a defined event

* Probe message generation (from ISO 22837:2009). Probe message generation creates and formats
probe messages from probe data elements and sends them to probe collection. Here, “send” is at the
application layer, not the communication layer. Probe message generation manages the timing of
sending messages as an application issue. Actual message transmission out the vehicle is left to the
communication layer. Probe message generation may refer to stored reference data, to assist with data
transformation or to help determine whether a probe message should be sent.

* Event-based probe message generation. Event-based probe message generation is a special type
of probe message generation that creates and formats event-based probe messages from event-based
probe data elements and sends them to probe collection when the event is detected.

©lI
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e Referenced data repository (from ISO 22837:2009). Referenced data repository holds data for
reference by the probe message generator.

e Probe collection (from ISO 22837:2009). Probe collection is a land-side activity that receives probe
messages sent by vehicles and extracts probe data from these messages.

e Probe processing (from ISO 22837:2009). Probe processing receives collected probe data from probe
collection and processes it (for example, using analysis and fusion). Probe processing does not receive
any information from probe collection that identifies the vehicle or driver.

e Probe application (from ISO 22837:2009). Application which uses information produced by probe
processi

ng.
e Other (ﬁta source (from ISO 22837:2009). Other data source provides additional data that.is uged
for probe [processing and/or by probe applications. Other data sources may be road authorities, police,
weather information providers, etc.

e User (frpm ISO 22837:2009). Entity that receives services and/or information produced from pragbe
data. Userns may be drivers, road authorities, police, weather services, public agerncies, individual usgrs
(of cell pllones, PDAs), etc. Each relationship in this reference architecture is\represented as a dpta
and/or coptrol flow. The followings are those data and flow in this referenceZaichitecture.

e Original] data (from ISO 22837:2009). Data used for probe data generation. Original data may be rpw
sensor dafa or data from other onboard applications.

» Refererice data (from ISO 22837:2009). Data stored in a repository and referred to for probe data
generation. Reference data may be (among other things) historical data and/or statistical data.

¢ Event-bpsed probe data element. Event-based probe.data element is an item of data included ip a
event-based probe message, that represents an occurrence of a defined event.

e Event-blased probe message. A message in the-application layer. An event-based probe messjge
consists of several event-based probe data elements (always including core data elements) that conyey
meaningfyil information to centre-side probe callection components.

¢ Collected probe data (from ISO 22837:2009). Probe data collected by the probe collection compongnt,
to be sent|to probe processing components.

e Supplementary data (from ISQ22837:2009). Data from other data sources (non-vehicle) that is aflso
used in prjobe processing and/er\by probe applications.

e Procesged probe datac(from ISO 22837:2009). Data from probe data messages which has bgen
collated ajnd analysed i gombination with other data (For the general definition of processed prqbe
data, see 3.9.)

e Service| information (from ISO 22837:2009). The value-added result of combining processed prabe
data with|supplementary data for delivery to users.

4.2 Extendedinformation package for event-based probe data

The reference architecture for probe data represents the initial categorization of probe data from
a conceptual point of view. This is defined by ISO 22837:2009. The reference architecture for probe
data consists of multiple packages in UML notation. Each package includes conceptual entities that are
identified from a specific point of view. Each conceptual entity is depicted as a UML class.

Figure 2 is the overall package structure of the reference architecture for probe data(from
1SO 22837:2009).

4 © IS0 2012 - All rights reserved
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VehiclePackage

F
ProbeCore Surrounding
Pckage < Pachkage
{
|
< L

ﬁoédNetwork
\ Package

Figure 2 — Package structure'of reference architecture for probe data

Eafh package includes the conceptual entities from a different specific viewpoint. Each donceptual
entity is an object class. Each classrhas properties. Figure 3 shows the conceptual entitips for the
PrpbeCorePackage.
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Event-bas

. Vehicle |

ProbeVehicle . Object
0% |Oetected)

Sensing

timestamp
latitude f
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altitude

Figure 3 — Entities of ProbeCorePackage

bd probe data is a system which detécts some change of a situation within vehicles. The

vehicles reed to grasp where this change of-asituation (event) happened, when transmitting prgbe

data mess

ISO 22837:20009.

This conc
and influd

ept package enables tran§mission of the probe message which showed the generating pl
nce range of an event. Figure 4 shows the conceptual entities for the area package

ages. Then, the concept of an “area®package is introduced into the vehicle package defined|by

pice
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Area

[
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- beginning

- end

el
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JAN

5 LowVisibilityA

| DetectedPrecipitationArea

Figure 4 — Concept of-area package

5 [ Event-based probe data message

5.1 Concept of core data elements-(from ISO 22837:2009)

“Core data elements” are information’added to all event-based probe data elements and probe messages.
Core data elements consist of & timestamp which shows the time when the event was senfsed and a

lodation stamp which specifjes'the vehicle’s location at the time the event was sensed.

Core data elements are-specified in ISO 22837:2009. Figure 5 shows a concept of core datd elements
frdm ISO 22837:2009(

“time" Sens
(ex. OBE, G
KQ)

[

“Location” Sensor

Reliability of Other
Location information .
{ex. EPE) Vehicle Senspr

(ex. GPS)
.ﬁ.cquishiio;boalmp MqUii:Lﬂig;stamp
. ) . Location Normalized
Timestamp longitude latitude altitude PR RAW sensor data

Figure 5 — Concept of core data elements

5.2 Structure of event-based probe data message

An event-based probe data message is a special type of probe message. It must include event-based probe
data elements that represent occurrences of defined events. Event-based probe data messages consist

© IS0 2012 - All rights reserved
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of a timestamp that shows the time when the event was sensed and a location stamp that specifies the
vehicle’s location at the time the event was sensed, similar to core data elements.

Figure 6 shows a structure of an event-based probe data message.

“Time" Sensor “Location” Sensor Event detection
lex. OBE, GPS) (ex. GPS) by a sensor

Acquisition of

Acquisition of

timestamp locationstamp

L 4

Timesta

System

Identification Trust ValuJ

. - . Event Type
mp Latitude Longitude altitude Object Confidence

5.3 Timestamp

Specified
54 Lat
Specified
5.5 Lon
Specified

5.6 Alti
Specified

5.7 Event type object

The event
defined in

5.8 Con

Confidend
the detect

Figure 6 — Structure of an event-based probe data message

within [SO 22837:2000.

tude

within [SO 22837:20009.

gitude
within [SO 22837:20009.

tude
within ISO 22837:20009.

type object defines the\event that triggered the event-based probe message. Event types are
Clause 6.

fidence

e provides, the receiver of event-based probe data with information about how likely it is that
ed eventlas actually occurred. Confidence is expressed as a percentage value from 1 to 100

and is typ
occurreng

indicates th3

cally\derived from the on board sensor’s false alarm rate. Where percentage is the number of
es;-a‘correct value would be derived from a statistically significant sample size. A value of [0”

5.9 System identification (optional)

This value is a unique identifier assigned to a specific vehicle side implementation.
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