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ABSTRACT

Digital maps have large potential for road safety to enhance or enable preventive and active
safety applications by extending driver horizon. As a predictive sensor called ADAS Horizon,
in-vehicle digital maps are an important source of information providing look-ahead
capability for ADAS applications and providing further information for on-board sensors to
enhance environment perception. A large range of ADAS applications can benefit from map
data, including Adaptive Cruise Control, Adaptive Front Lighting System, Curve Speed
Warning, Speed Limit Assistance, Overtaking Assistance, Lane Keeping Assistance and
Predictive Powertrain Control.

First approaches of map-supported ADAS entering the market are currently using the
vehicle' s navigation system as the map data source for this preview with a proprietary
interface. The advantages of using the navigation system are that it already has a stored record
of the map data, and it already performs the tasks of vehicle positioning and map matching.
By standardizing access to map data and vehicle position by applications other than
navigation, irrespective of the data provider and physical storage format, ADAS applications
can focus on performing its main task without having to deal with the complexities of map
representation. The map preview is extracted by the ADAS Horizon Provider (AHP) and
accessible by all map-supported ADAS applications through the vehicle bus interface.
Incremental changes transmitted by the AHP are stored on application side by the ADAS
Horizon Reconstructor to build the 1D-track preview delivered to the ADAS application by
means of an API.

This paper reports on results from the EC project MAPS& ADAS, part of PReVENT
Integrated Project, dedicated to the development, test and validation of a standardised
interface (ADAS Interface) between ADAS applications and ADAS map data sources for
accessing map data regarding vehicle position. The standardisation of the ADAS Interfaceisa
major achievement towards market implementation and industrial perspectives are reflected
by the increasing interest of the automotive industry in the ADASIS Forum.

The ADASIS Forum, set up in 2002, has to be considered as the User Forum with its 30
Industry Members (vehicle manufacturers, ADAS suppliers, navigation system suppliers and
map providers) and aims at supporting and promoting ADAS Interface development and
implementation and also exploring new fields of application such as commercial vehicles.
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INTRODUCTION — THE ADAS HORIZON CONCEPT

The development of Advanced Driver Assistance Systems (ADAS) and, more generally, of
in-vehicle ITS applications which support the driver in driving safely, comfortably and
economically, are of major importance to the automotive industry. Typical examples of
ADAS Applications are Adaptive Cruise Control (ACC) or Adaptive Front Lighting System
(AFS). ADAS currently perform their function on the basis of information generated by
sensors observing the vehicle' s environment. There is a significant potential for the use of a
digital map and the vehicle's position to predict the road geometry and to track related
attributes ahead of the vehicle. ADAS Applications can benefit from this potential, and new
functionality may likely be enabled. In particular, ADAS Applications will use map data for
recognising road infrastructure conditions at the vehicle’ s current position, and for a preview

along the track ahead.

Digital maps can act both as a primary sensor and as a secondary sensor for safety
applications. When used as a primary sensor, the map supplies the most important
information, and may even be the application’s sole source of information. When data from
the map is used as a secondary sensor, other sensors supply more important information to the
system and the map information is merely used to validate other sensor data or make the
primary sensor work more efficiently. Table 1 gives an overview of how ADAS applications

can benefit from map data.

Therole of digital map as sensor for ADAS applications

Primary sensor

Secondary sensor

Speed Limit Assistance: Informs the driver
of the legal speed limit and/or warns the
driver when he exceeds the speed limit.

Advanced front-lighting system: Directs the front
light beam to the upcoming turn of the road and adapts
the beam’ s width and reach based on the car’ s speed
and the lay out of the road.

Curve Warning: Warnsthe driver when the
speed exceeds the safe speed for the curve
ahead.

Adaptive cruise control: Adapts the speed to the cars
or road ahead. Normally only works at higher speeds.

Predictive Powertrain Control: Informs of
upcoming dopes, alowing the driver to shift
gear and thereby avoid an inefficient speed
reduction.

L ane keeping assistance: Informsthe driver when the
vehiclerisksleaving the current lane unintentionally.

I nter section Assistance: Informs the driver
of the characteristics of the intersection (right
of way situation, traffic lights) and which
lanesto choosein order to crossit safely.

L ane Change Assistance: Informs the driver when it
is safe/unsafe to change lanes.

Curve Control: Automatically reduces the
speed of the car to a safe speed for an
approaching curve.

Stop & Go: Adaptsthe cars speed and course to the
speed of the cars ahead. Stop & Go typically works at
lower speeds.

“Hotspot” Warning: Informs the driver
about a potentially hazardous location ahead.

Collision avoidance: Adapts the cars speed and
direction of travel in order to avoid a collision.

Table 1 — Role of digital maps as predictive sensor

First approaches of map-supported ADAS entering the market will probably use the vehicle's
navigation system as the map data source for this preview. The advantages of using the
navigation system are that it already has a stored record of the map data, and it already




performs the tasks of vehicle positioning and map matching. These functions can readily be
used also for the ADAS preview. However, each navigation system stores map datain a
system-specific format, and uses its own version of vehicle positioning and map matching.
Moreover, when tailored to single ADAS Applications, the variety of different map interfaces
may expand even more — not only due to different data sources, but also due to application-
specific differences. By standardising access to the map data, irrespective of the data provider
and physical storage format, and by standardising the way that position and track ahead
information is presented to the applications, ADAS software can focus on performing its main
task without having to deal with the complexities of map representation.

The absence of acommon standardised interface offering map access to ADAS Applications
has aready been perceived in the industry community and has led to the foundation of an
industry forum where ideas and requirements regarding such an interface have been deeply
discussed. The extensive discussions and work already performed by the members of this
group, known as ADASIS Forum [1], served as the basis for the MAPS& ADAS subproject
part of the PReVENT Integrated Project [2]. Requirements and concept proposal s discussed
there among automotive OEMSs, suppliers and map providers have aready reached a certain
maturity, stating the importance and close to market position for the MAP& ADAS subproject
goals. To develop, test and validate a standardised interface able to serve a spectrum of
different ADAS-Applications with map preview data.

Figure 1 - ADAS Horizon concept developed in MAPS& ADAS



FUNCTIONAL ARCHITECTURE

Map data access for most ADAS-Applications normally use only a small map extract around
the current vehicle position. This ADAS-specific map extract is called the ADAS Horizon
(AH) [3]. Asshown in the figure 2, the ADAS Horizon provider (AHP) is the entity
responsible for the interactions with and transmissions to the ADAS-Applications. The
positioning module provides a map-matched position to both the navigation and the AHP.
Using this position, the AHP extracts the necessary information from the navigation map and
aggregates it into the ADAS Horizon (AH) which is sent to the application side

Figure 2 - Transformation and flow of map data from source via bus towards application

The map preview extracted by the ADAS Horizon Provider (AHP) is accessible by all map-
supported ADAS applications through the vehicle bus interface. Incremental changes
transmitted by the AHP are stored on application side by the ADAS Horizon Reconstructor
(AHR) to build the 1D-track preview delivered to the ADAS application by means of an API.

FUNCTIONAL STRUCTURE ON APPLICATION SIDE OF ADASINTERFACE

The ADAS-Interface specification defines the content and organisation of a data stream which
is sent by the AHP to all ADAS Applications [3]. In asmple (near future) set-up with only
one ADAS-Application, this data stream may be dedicated; that meansit only contains a
configuration for data relevant to that application. In an advanced far future stage, several
ADAS Applications may be listeners to the same data stream (e.g., transmitted via CAN bus).
In this set-up, every ADAS Application filters out the data it needs from this stream and
storesit locally. If the AHP knows the individual needs of all listening ADAS Applications, it
can adapt the stream accordingly.

The data stream from AHP to ADAS Applications consists of :

Horizon map elements: parts of the road network with attributes together with additional
content



Vehicle position information together with driving dynamics
Metadata

For the internal architecture of the receiving side, passing the data stream to the ADAS-
Application, see the figure 3.

Figure 3: Architecture layout on application side of ADAS-Interface
The ADAS Application will receive the data-stream and handle it in the following way:

In the multi-application environment the Horizon map elements are first filtered: only the
road parts and attributes that are needed by the ADAS Application are passed. For a
single application scenario, thisfiltering is probably not necessary as according the
configuration as only required data is transmitted. Then the Horizon data store manager
will store the filtered Horizon map elements in the Horizon map data store, assuming
there is free storage space available. If there is no space, it will try to remove old
elements that are no longer needed because the vehicle has advanced beyond them. For
this, a mechanism to manage the available storage space is to be implemented.

From this data store the relevant part for the Application can be reconstructed - the left
hand block of the application is called Horizon Reconstructor (AHR) for this reason. The
AHR passes the relevant data to the application, generally in the convenient 1D-format
for track preview functions, confined to its application-specific contents. The selection of
the application contents should be performed to a maximum on the bus controller side
(using e.g., message identifiers) and to a minimum by software mechanisms discarding
non-relevant message parts in the application itself.

Besides the basic geometry there is information that is continuous with respect to the
along track distance (e.g. curvature) which can be modelled as profile along the track.

The vehicle position, speed, heading, etc. is stored inside the AHR module of the
application as the last known position, together with a time stamp. If the accuracy of the
‘last known position’ is sufficient for the ADAS Application, it can useit directly for
look-ahead calculations. If the application needs more accurate data, information about
the delay of the transmission of the position information is provided by using time stamp
or age information. Based on the last transmitted position and its time stamp, the position
extrapolator may compute an extrapol ated vehicle position with higher accuracy at any
time, independent from the rate it is transmitted from the AHP. For the extrapolation it is



also required that there is some basic prediction of the most probable path in order to
provide preview across junctions.

Metadata is handled by the controller. Depending on the type of Metadata, it is passed
actively to the respective module to influence functionality, or it is stored in a Metadata store
for access by the modules.

ADASINTERFACE IMPLEMENTATION

Several components and systems have been developed and implemented within
MAPS& ADAS to enable test and validation activities [4].

An ADAS Horizon Provider (AHP) isasystem that generates an ADAS Horizon and
distributesit on a bus. Four AHP systems have been developed, two dedicated by Navteq
and Navigon and two navigation based systems by Siemens VDO and Blaupunkt.

An ADAS Client isreceiving the ADAS Horizon from the bus. It includesan ADAS
Horizon Reconstructor (AHR) that reconstructs the received ADAS Horizon, and makes
its content available to the application viaan API.

The ADAS interface has been implemented in a sample ADAS application: Active Cruise
Control. The implementation in the BMW ACC is based on an existing ACC, using the
reference implementation of the AHR.

A reference implementation of the AHR was developed for testing ADAS Horizon
Providers systems and as the basis for the implementation of the ADAS Horizon in an
ADAS client.

The Test Container is a separate system that can measure the impact of the protocol on
the CAN bus for assessment.

ADASINTERFACE TESTING

The test container provided by DC was intended for testing and eval uating the mutual
influence of the original datatraffic present on avehicle CAN bus and the ADAS Horizon
data stream injected onto this bus [5]. Mutual influence means how the characteristics of
latency and transmission error statistics of one data stream are influenced by the presence of
the other.

For these tests, the typical background CAN traffic of a vehicle that might use map supported
ADAS function must be recorded and later replayed on a CAN bus injecting a corresponding
data stream for transmission of horizon data using the ADAS interface. The reason why this
must be done off-line in a @and-box@nvironment is, that it is not possible to introduce extra
data on the CAN of a series vehicle under normal operating conditions (i.e. driving on public
roads) without incurring danger of vehicle malfunction and safety risks.

Consequently, the tests involving real vehicle CAN data streams were performed by the four
OEMs (BMW, DC, Ford, Volvo). On the other side, the four supplier companies (Blaupunkt,
Navigon, Navteq, Siemens VDO) helped by producing the ADAS interface data streams
within the different vehicle CAN environments.



Of courseit isinteresting for each OEM how an implementation of the ADAS interface
performs on his vehicles and how it does influence the existing CAN traffic. For this reason,
the main test task for all the OEM s was to evaluate the OEM specific properties of a possible
interface usage on the own cars. Also, the OEM s were entitled to provide the background
CAN traffic filesfor general testing, as they are able to produce relevant real life CAN traffic
examples.

There are a number of factors that influence the behaviour of the MAPS& ADAS transmission
within an existing background CAN traffic. These factors on one hand originate from the
background traffic, into which the MAPS& ADAS transmission isto be injected. On the other
hand, they are influenced by the properties of the injected transmission itself.

ADASINTERFACE VALIDATION

Asone of the major the objectives of MAPS& ADAS, the definition and the devel opment of
an interface between in-vehicle map data sources and assistance systemsis of pure technical
nature, the technical validation of the interface propertiesis the most important issue of the
validation task [5].

However, there are properties, which obviously do not need to be examined, as they are
known to be uncritical from state-of-the-art. On the other hand there are interface properties
whose outcome is unsure at the moment of its definition, but which may be very important for
success or failure of a market introduction of such an interface.

Consequently, the technical validation performed within MAPS& ADAS is focussed on these
most critical or most important issues:

Bandwidth usage: Does the interface as proposed by MAPS& ADAS efficiently use
transmission bandwidth for standard application requirements? E. g., what bandwidth is
spent for atypical ACC preview, consisting of geometry and road class information?

Error properties and consistency of transmitted data: Is the interface transmission and
interpretation error level sufficiently low? What level of Integrity (error recognition rate)
can be reached?

Timing Issues: How long does it take for the horizon and positioning data to be
transmitted? How ©ld@s the image presented to the application?

Position and distance-to-object accuracy: How does the timing influence the knowledge
and accuracy of the proper vehicle position and its relation to the event points of the
preview?

Interoperability: Isit assured that different horizon provider software solutions, based on
different navigation systems and map databases deliver a horizon data stream fully
compatible to the interface specification?



TEST AND VALIDATION RESULTS

Test drives have been performed on different vehicles in different environments and the
resulting data streams been mixed off-line while varying several transmission parameters [6].
Of special interest were error and latency behaviour of the MAPS& ADAS data stream itself
and also itsinfluence on the background traffic which is aready present on that bus for
normal vehicle control purposes. The whole variety of performed tests, even the most
challenging set ups have shown the following validation results:

Transmission latency time: The transmission latency of the ADAS Horizon CAN
frames was incremented by the other (background) traffic. In general the added latency
was lessthan 1 ms.

L atency of position infor mation: The latency on the CAN bus of the position messages
was for al test cases lessthan 1 ms.

I nfluence on position accuracy: In one msthe vehicle can travel at most 7 cm (for
maximum speed of 250 km/h), which is negligible compared to the accuracy of the
vehicle position.

So for typical CAN networks, the latency time, position information and position accuracy is
not affected by the speed of the network.

Influence on existing CAN traffic: The CAN traffic caused by the ADAS Horizon
transmission will delay the existing CAN traffic. The measured delay strongly depends
on the mix of priorities of the background traffic. For CAN messages with a higher
priority than the ASCP messages, the delay was not significant, it is typically less then
the transmission time of one CAN frame. For CAN frames with alower priority, the
measured delay was at most 0.53 ms.

Note that this observation is only valid for one CAN segment. Care must be taken, when
the data stream is to pass from one CAN segment to another via a gateway. It is a genera
challenge to in-vehicle network design to have a proper priority oriented design of the
gateway.

So with a proper priority scheme and gateway design the impact of the ADAS Horizon
traffic on the existing network traffic can be minimized.

ADAS Horizon Integrity: The ASCP messages generated by the 4 implementations of
the AHP were received and analysed by the reference implementation of the AHR. This
analysis includes detection of warnings and errors. The number of warnings and errors
decreased during the testing, until at the end the AHP®had minimal errors.

So by introducing the error checking in the AHR and resolving the errors in the AHP®
the integrity of the transmitted data was significantly improved.

At the end of the testing all AHP® had the same interpretation of the data model, the
protocol and operation principles.

Component Interoper ability: The output of all AHP®was interpreted and visualized by
the visualizer of the reference implementation. With a visual inspection the result was
compared to the data that had been intended for transmission on the source side. For all
AHP®the shape of the roads transmitted was almost identical to the shapein the



background map of the visualizer. Slight differences were found, which were caused by
the fact that the AHP map and the background map of the visualizer were from different
SOUrces.

At an interoperability workshop all AHP®were combined with different AHR
implementations, all based on the reference implementation. For al combinations no
problems were found that would have impact on the specification.

So for al features tested the AHP®were interoperable with the reference implementation
of the AHR.

Figure 4: Examples of ADAS Horizon visualization from Navteq and Navigon

NEXT STEPS—-NECESSARY EFFORTSBEFORE MARKET INTTRODUCTION

The feasibility assessment of an interface between ADAS and map data sources has technical,
technological, economical and business aspects. As part of its major objectives

MAPS& ADAS has addressed the technical and technological aspects and has achieved a

maj or step by assessing the technical feasibility and the interoperability of such standardised
interface. Next step that is out of the scope of MAPS& ADAS deal s with the necessary efforts
to integrate prototype implementation into series environment to enable market introduction.
This phase requires close cooperation with series department to fulfil series development
constraints with respect to the share of car components (e.g. CAN bus...), quality policy, test
environment, performances... and is not anymore at the pre-competitive stage.

Due to the fact that BMW already has a map supported ACC system on the market, using a
proprietary interface, MAPS& ADAS consortium decided to take advantage on this situation
to work with the map supported ACC series application. It gave the opportunity to the
consortium to explore in advance potential issues and needed cooperation with series
department to enable successful seriesimplementation and it contributed to clearly identify
next steps towards market introduction.

Further steps are needed for implementation in a series environment considering the
objectives of MAPS& ADAS with regards to the ADAS interface to develop, test and validate
an applicable standard. Discussions initiated with BMW series departments and research
department of other OEMs and suppliers within MAPS& ADAS and the ADASIS forum
showed the necessity to cooperate closely with series devel opment (network and application)



to assess the feasibility of the proposed mechanism. This cooperation has been intensified in
the ADASIS Forum as an exploitation of the MAPS& ADAS results.

Beside this amajor milestone was achieved at the end of 2005, with the MAPS& ADAS
activities presenting and demonstrating the first results to the ADASIS Forum Members on 15
December 2005 at Honda in Offenbach. With 35 participants representing 24 organisations,
this successful event shows the increasing interest of the leading European automotive
industry in the ADAS Horizon concept, and the benefit of using digital maps as a predictive
sensor to enable or enhance ADAS applications.

Figure 5: ADAS Interface interoperability and in-vehicle map-based application
demonstrations at ADA SIS Forum Demo Day on 15 December 2005

The ADASIS Forum acting as the MAPS& ADAS User Forum is a self-funded industry
initiative launched in 2002 and coordinated by ERTICO, aiming at supporting and promoting
the development and the implementation of a standardised interface between ADAS
applications and digital map content. The ADASIS Forum is composed of 30 Members from
vehicle manufacturers, ADAS suppliers, navigation system suppliers and map providers.

CONCLUSIONS

The very encouraging results achieved within MAPS& ADAS assess the technical feasibility
of a standardised interface between ADAS applications and digital map data and therefore
confirm the potential of digital map for road safety to enhance or enable preventive and active
safety applications by extending driver horizon. As a predictive sensor called ADAS Horizon,
in-vehicle digital maps are an important source of information providing look-ahead
capability for ADAS applications and providing further information for on-board sensors to
enhance environment perception.

These expected benefits of the ADAS Horizon concept are reflected by the increasing interest
and support from the automotive industry. Since 2002 magjor industry stakeholders have been
joining the ADASIS Forum to promote and support implementation and near future market
introduction by means of standardisation. The main direct impact of a standardised interface
will be on the economic side — this impact may be roughly estimated in terms of economy on
devel opment efforts.
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