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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
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Introduction

The interactive CDRG system provides a driver with a recommended route to his or her destination. The
recommended route is sent as a route object that is utilized to display the route on the navigation map or to
produce driving direction instructions. This recommended practice, however, only describes the transferring
information, such as route object. that is required for CDRG. How the transferred information is used onboard
is Jeft to the in-vehicle unit designer. Because, in some countries, interactive CDRG systems|are being
deyeloped and implemented using beacon or cellular phone technologies, we recognize the necessity for
stgndardizing message sets for interactive CDRG. By the standardized interactive CDRG-mepsage set,
driyers will be able to receive CDRG service on the same in-vehicle unit regardless of which CDRG service
arga the in-vehicle unit has entered.

=

Tolhelp understand the functional and technical aspect of the interactive CDRGimplementation experiments
of guch a system are explained in Annex A.

© 1SO 2008 — All rights reserved \4
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Scope
s Technical Report describes the message contents and format of the air| interface be

astructure and the in-vehicle unit in the Interactive CDRG system. The scope of.standardizatio
the message set requirements for the air interface.

Technical Report is applicable to both vehicles equipped with an onboard map database and th
are not equipped (i.e. those equipped with simplified graphievoeutput and/or text messa
functions).

This Technical Report covers media independent systemst In this Technical Report, messags
for both cellular phone-based CDRG and beacon-based CDRG have been taken into account.

The size of each message is defined by considering the “In-vehicle Navigation Systems Com
Device Message Set Requirements”.

When applying this Technical Report, which is recommended practice to the implementat

attached to the communication efficiency, and the order of description of messages propo
message set of this Technical Report might not necessarily be observed.

Abbreviations

RG Centrally Determined Route Guidance
RG Locally, Betermined Route Guidance

G Static Route Guidance

RG Multi-mode Determined Route Guidance
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3 Definitions of special terminology

Table 1 lists definitions of special terminology.

Table 1 — Special terminology

Term

Definition/explanation

Connecting network

By indicating how the links and major roads ahead of the vehicle’s present position are
configured, connecting network information realizes Interactive CDRG even for vehicles not

information pnlniprmd with onhoard map databases
. The downlink refers to that portion of a communications link used for the transmissionof
Downlink . . ) ] X .
information from the infrastructure to each in-vehicle unit.
The infrastructure handles communications with each vehicle. Installed alongside:the road|,
Infrastructyre the infrastructure collects data from each vehicle, provides data to the vehicleand perforns

any related information processing.

Interactive fwo-way
communicgtion

Following the reception of destination and related information from th€’in-vehicle unit, the
infrastructure provides the in-vehicle unit with information that defines the recommended
route, describes route conditions, and provides an estimated travel\time to the destination.

LDRG

Under LDRG, the vehicle follows a route in the routing information generated by the in-
vehicle unit mainly using link travel time data received from,the infrastructure.

Link

A link is defined as the roadway section between twonedes such as intersections and has
directivity with respect to the flow of traffic.

Link travel time

Travel time of a specific link.

Local street Local streets are all roads other than majotr’roads.
Major roads are subject to route guidance by the Interactive CDRG system. These are roads
Major roadp on which management personnel abthe traffic control centre consider important such as

national highways and other arterial roads with large amounts of traffic.

Multi-mod¢g route guidance

Multi-mode route guidance, provides route guidance under the combined operation of the
Interactive CDRG, LDRG-and SRG systems.

The node refers to the starting point or ending point of a link in a road network. Basically, i

Node is an intersection, a diverging point or a merging point. For convenience's sake, however,
any other pointimay be taken as a node.
oD The OD information includes both the departure and destination points.

Recommended route

The recommended route is a route calculated by the CDRG infrastructure and sent to the |n-
vehicle/unit.

SRG

Under SRG, the vehicle follows a route generated by the in-vehicle unit using only fixed
information such as distance and other data stored in onboard map databases.

Traffic assignment

Traffic assignment is the distribution of traffic in response to the needs of both the traffic
situation and the intents of management personnel at the traffic control centre in order to
realize a safe, smoothly flowing traffic environment.

The traffic control centre comprises necessary buildings, facilities and personnel to

Traffic controfcentre

effectively execute traffic management and control.

Travel time is the actual time required for a vehicle to pass through a specific roadway

Travel time L
section in a route.
. The uplink refers to that portion of a communications link used for the transmission of
Uplink . . . . . .
information from each in-vehicle unit to the infrastructure.
2 © 1SO 2008 — All rights reserved
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The concept of interactive CDRG
Goals

1 Promoting Smooth Traffic Flow

An interactive CDRG system is intended to secure a more smooth flow of traffic through improved traffic
management based on the high-precision prediction of traffic flow generated from OD information
collected by the system.

4.1

Th

1.2 Securing traffic safety and improving the traffic environment

.2 Basic system functions

In the future when in-vehicle units have become more widespread, the interactive CDRG system will help
reduce traffic congestion through traffic assignment.

By providing a recommended route based on the driver's destination and 'preference for [travel, the
interactive CDRG system assists the driver with probable routing and traveldimes to his or her gestination.
Consequently, the system relieves the driver’s stress. Moreover, for dfivers travelling in an| unfamiliar
region, interactive CDRG will prevent accidents caused by drivers who are lost or have madeg a sudden
route change.

By shortening both travel times and travel distances, the Interactive CDRG system will de¢rease the

probability of accidents and reduce the environmental degradation caused by fuel consumption] and noise
pollution associated with vehicular traffic.

.3 Promoting onboard unit market
s Technical Report assumes the use of an onboard navigation unit as the interactive terminal for|CDRG.

Standardizing the message sets brings onbenefits both to users, by realizing interchangeable onboard
units, and to manufacturers, by standardized production.

Standardizing the message sets enables manufacturers to use interchangeable components for the
applications that result in expanding the market.

The system includes” facilities for interactive two-way communication between the vehicle and the
infrastructure.

Using data‘received from vehicles, traffic management administrators and other sources, the service
provider-dgtermines a route to the vehicle’s destination.

This;recommended route, determined by the service provider is based on the driver’s and/or provider’s
preference for that trip. Minimizing the predicted travel time to arrive at the driver’s destinatipn may be

one-such nrefarance
RHE-SUGH-PFeH8FreRce-

In the future when in-vehicle units have become more widespread, the system will determine
recommended routes in such a way that its traffic assignments may alleviate traffic congestion.

The system will provide service to both vehicles equipped with map databases and those which are not
equipped.

Portable navigation devices that could be brought into vehicles are not considered in this Technical
Report.

© 1SO 2008 — All rights reserved 3
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4.3 Secondary effects

a)

b)

c)

d)

f)

4.4 The

a)

b)

c)

d)

e)

5

5.1

Because the driver can find his or her desired routing recommended by the system, based on predicted
travel times and related traffic information, he can choose a route best suited to dynamic traffic conditions.
Lacking this capability for prediction, it is difficult for LDRG and SRG to choose routes best suited to
dynamic traffic conditions.

Because the recommended route is based on the driver's destination and preference for his trip, the
amount of data provided to the in-vehicle unit is relatively small and the communication efficiency
between the vehicle and the infrastructure can be increased.

As a result of b), the system can provide route information for distant destinations with a minimum afiog
of data that does not require wide bandwidth of the media for communication.

Becay

It is upnecessary to update the in-vehicle unit’s software for routing calculation.
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LDRG

once again the systém/switches back to either LDRG or SRG and guides him through the local streets

his fin

With
must

quences.

possibility of multi-mode route guidance

icle units with map databases can provide more effective route guidance by skilfully combin
ation provided by the interactive CDRG with LDRG and/ot’'SRG functions of the in-vehicle unit.

he LDRG and SRG can choose routes based on the local streets information included in the ra
Ik data stored in the onboard database. If the in-vehicle unit with LDRG function receives link trg
nformation from the infrastructure, the in-vehi¢le unit combines these data with the above rq
rk data to arrive at its routing decision. However, accurate route selection based on predictior
t.

bviding routing information based(on prediction, interactive CDRG is intended to handle links

ddle- or long-distance routes:.For short journeys of only a few kilometres, LDRG or SRG will
tases, be more appropriatel

mbining the Interactive CDRG with the LDRG or SRG function of the in-vehicle unit, the follow
h can be realized."From his point of departure until arrival at a major road, a driver uses eit
or SRG. Guided by interactive CDRG on the maijor road, the driver nears his destination wh

8l destination:

ehicles not equipped with onboard map databases, without relying on LDRG or SRG, the dri
choose his or her own route. Arriving at a major road, the driver chooses his route according

unt

se the infrastructure calculates recommended routes, the computational load on thecin<vehicle Uinit
can b¢ reduced.

nortening travel times, personal travel expenses can be reduced. with positive economic

ng

ad
vel
ad

on

roads on which traffic is heavy. ‘Consequently, interactive CDRG is best suited for route guidance

in

ng
her
bre

to

Intera

ctive CDRG using connecting network information. Overall, the same route guidance syst

operation as described above will be realized.

Message set — Contents and format

Comments on message set

The air interface message sets for the two systems, one based on DSRC and the other on cellular phone, are
listed in two columns.

© 1SO 2008 — All rights reserved
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The differences in the message sets for DSRC and cellular phones are summarised in Table 2. The
messages which are not listed in Table 2 are essentially the same for both systems. Other than the
differences in media we assumed that the same processing style is imposed on the different systems; such as,
the routes are processed by links of map data in all systems.

In Table 2, regarding item 2, “localized routing information”, turning point information such as the distance to a
turning point is the distance to the nearest turning point on the route from the vehicle. For DSRC this
information is effective because the roadside equipment such as a beacon has the location of the turning point
and the vehicle position at the time it sends out the distance information to the vehicle. This information is not
practical for cellular phone, because the required time for communication through cellular phone, or response
i i ion 1 ' i annot even
nect. When the vehicle receives the distance information to the turning point through cellularhione it may
already have passed the turning point minutes or tens of minutes before.

Regarding item 5, this message is intended to send the location information to vehicle\from roafdside. The
location information includes in which lane the vehicle is running. Since the cellulariphone system cannot
distinguish the vehicle’s running lane, this message does not make sense for the cellular phone system.

5.2 Outline of contents

5.21 Overview

The air interface message set is classified into the following five types:
—| request for routing from in-vehicle unit (uplink);

—| response to in-vehicle unit with map database (downtink);

—| response to in-vehicle unit without map database (downlink);

—| travel time responded by in-vehicle unit (uplink);

—| position report to in-vehicle unit (downlink).

Of[these five, the “travel time responded by in-vehicle unit” messages and the “position report tq in-vehicle

unit” messages are used for route calculations at each infrastructure and the position recognition| of its own
velnicle by the in-vehicle unit respectively, and enable the execution of more adequate route guidange.

5.2.2 Request for routing from in-vehicle unit (uplink)

These messages consist of the following information to make a request for route guidance from the in-vehicle
unit to the infrastructure.

Routing constraint information: restrictive conditions for the provision of routing information such |as vehicle
type, thezavailability of any toll road, whether or not the vehicle is equipped with an onboard map| database,
etq.

Origin-destination designation information: information on the origin (departure point) and destination to be
designated by the in-vehicle unit. With the beacon-based CDRG system, origin designation is not required
because the beacon installation point is always assumed to be the origin for the destination designated by the
in-vehicle unit.

5.2.3 Response to in-vehicle unit with map database (downlink)

These messages consist of the following information to be returned by the infrastructure in response to the
request for routing information from the in-vehicle unit equipped with an onboard map database.

© 1SO 2008 — All rights reserved 5
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Repeat of request for information: the same information as the request for routing information received from
the in-vehicle unit is repeated by the infrastructure so that the in-vehicle unit can confirm whether the
response information from the infrastructure is in response to its request.

System status: information on the version number of link database in use by the infrastructure, the cause of
any system failure when routing information is not properly transmitted, and the cause of any other service
failure. The causes of system failures include system (CPU) down and the designation of an origin that is not
always necessary and a destination not included in the link database, whereas the causes of other service
failures include that the vehicle's current position is outside the service area of the system, no response to the
requested information can be processed because static information stored in the beacon is being updated,
and the system cannot determine any recommended route due to particular traffic problems

Size of eagh route-specific information: data size of route-specific information on each route. This informafon
is provided for the in-vehicle unit to find the first storage location of route-specific information on each ropte
within the message set.

Route-spetific information: information specific to each recommended route as follows.

— Route| characteristics information for route selection: information to indicate the«characteristics of egch
reconmended route. This information is used by the in-vehicle unit (or the driyer) for judgment on which
of the|two or more recommended routes should be selected. This information.-is’provided with respecf to
each foute and includes information related to the quality (or completeness) of routing information sdich
as the provided predicted travel time information or path information is up(fo'the destination or an en route
point, information related to the quality of the route itself such as the-availability of any toll road, etc., and
information related to the travelling efficiency of the vehicle such-as.predicted travel time, distance, the
number of left and/or right turns, etc.

— Infrasfructure-localized routing information: information on detailed route guidance in the vicinity of the
vehicle such as the distance to the nearest intersection; the recommended turning direction at the
intersg¢ction, the number of lanes on the link (at _.am approach to the intersection), and the Igne
recommended for use (at the end of the link).

Route-sperific messages: the name of each roadway’ point to pass through on the recommended route and
traffic infofmation such as an accident, congestion, etc. The point name and traffic data are provided in
formats to|enable text message display and phonetic output at the in-vehicle unit.

Path information: information on a path defined according to the travelling sequence of links comprising the
recommended route. These links correspond to the links registered in the onboard map database of the|in-
vehicle unit. Based on this path infofmation, the in-vehicle unit can display the route on the digital map.

5.2.4 Repponse to in-vehicle"unit without map database (downlink)

These megsages consist,of the following information to be returned in response to the request for routing from
the in-vehigle unit not equipped with any onboard map database:

Repeat of [request-for information: the same information as the request for routing information received from
the in-vehjcle<unit is repeated by the infrastructure so that the in-vehicle unit can confirm whether the
response ipformation from the infrastructure is in response to its request.

System status: information on the version number of link database in use by the infrastructure, the cause of
any system failure when routing information is not properly transmitted, and the cause of any other service
failure. The causes of system failures include system (CPU) down and the designation of an origin that is not
always necessary and a destination not included in the link database, whereas the causes of other service
failures include the vehicle's current position is outside the service area of the system, no response to the
requested information can be processed because static information stored in the beacon is being updated,
and the system cannot determine any recommended route due to particular traffic problems.

Size of each route-specific information: data size of route-specific information on each route. This information

is provided for the in-vehicle unit to find the first storage location of route-specific information on each route
within the message set.

6 © 1SO 2008 — All rights reserved
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Route-specific information:

Information specific to each recommended route as follows.

Route characteristics information for route selection: information to indicate the characteristics of each
recommended route. This information is used by the in-vehicle unit (or the driver) for judgment on which

of the two or more recommended routes should be selected. This information is provided with
each route and includes information related to the quality (or completeness) of routing inform

respect to
ation such

as the provided predicted travel time information or path information up to the destination or an en route
point, information related to the quality of the route itself such as the availability of any toll road, etc., and

mnformation ralatad to-the-travallina efficiencv—-of tha vahicla cstich ac nradictad traval tima  di
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Path information for simplified graphic-type output: Path information on the recammended route fo

gra
thd
ma3
su
en

Path information for text-type output: Path information on the*recommended route: this informatig

the
ros

change point. All roadways/streets and their change poitits between the current position of the veh

de
me

5.2

Th
tra

Be
via

Dattabase link travel times: the travel time between both ends of a link measured by the in-vehicle u

tim
on

5.2

Th
inf

number of left and/or right turns, etc.

ute-specific messages: the name of each roadway point to pass through on the recommended
fic information such as an accident, congestion, etc. The point name and trafficcdata are
Mmats to enable text message display and phonetic output at the in-vehicle unit.

phic-type output: this information includes the distance to an intersection at\the end of a link, th

intersection, the directions of roadway (link) connections to draw the Wiginity of the intersecti
p screen), the number of lanes, etc. Several intersections ahead from-the current position of the
bject to the provision of this information. The intersection name and-\other data are provided in
hble text message display and phonetic output at the in-vehicle unit.

name of a roadway or street on which to travel until the.vehicle arrives at the destination, the
dway/street change point, the distance to the change_point and the recommended turning direq

stination are subject to the provision of this information. These data are provided in formats to ¢
ssage display and phonetic output at the in-vehicle unit.

.5 Travel time responded by in-vehicle-unit (uplink)

bse messages consist of the following travel-time information measured by the in-vehicle
hsmitted to the centre for route calculations.

pcon-to-beacon travel timegthe travel time between two beacon points measured by the in-vehic
SRCD.

e data on one orf-more links are transmitted all at once, but these links shall have been regist
poard map database of the in-vehicle unit.

.6 Position report to in-vehicle unit (downlink)

bse messages consist of the following information on the current position of the vehicle to be not

route and
rovided in

r simplified
e name of
pn (on the
vehicle are
formats to

n includes
name of a
tion at the
cle and its
enable text

unit and

e unit only

hit. Travel-
ered in the

fied by the

astructure to the in-vehicle unit.

Cu

rrent position information: information on the current position of the vehicle only via DSRC.
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Table 2
Item| Message |Flow Via DSRC Via cellular phone Reason for difference
No.

2 Localized Down | Turning point information |Not defined It is not practical for
routing (the nearest point) cellular phones because:
information .

1 responsetimeto a
vehicle is much longer
than DSRC;

2 connection time to
the centre is also lang;
sometimes it capnot
connect.

4 Bedcon-to Up Vehicle measured Not defined Cellular system has no
beacon travel travelling time (from beacon:
timeg previous beacon)

4 Datpbase link |Up Timer value when arrived | The same as DSRC The 'same as above.
travel times at current beacon except following

Timer value when arrived | c>>2998

at previous beacon Timer value whendarrived
at current beacan
Timer value-when arrived
at previous\beacon

5 Current Down | Current position code Not defined Cellular system cannot
posijtion (including current lane distinguish the running
information number) lane of a vehicle.
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