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Executive summary

HAVEit is an essential step forward to the realization of the long-term vision of highly automated driving
for intelligent transport. The project developed, validated and demonstrated important intermediate steps
towards highly automated driving. The results offer a high potential for exploitation within 3-7 years from
project end. In the longer term they also form the ideal basis to integrate further next generation ADAS
and drive train components that offer highly automated functionalities.

HAVEit significantly contributes to increased traffic safety and fuel efficiency for passenger cars, buses
and trucks. The significant HAVEit safety, efficiency and comfort impact was generated by three aspects:

@

(ii)

(iii)

At first a layered approach has been realized for the interplay between driver and the co-driving
system, which optimizes the task repartition between driver and co-driving system in monotonous
driving situations like traffic jams or long distance driving as well as in demanding situations like road
works. This approach for optimum task repartition between the driver and the co-driving system
takes driver alertness into account and forms the basis for all HAVEit applications addressing the
fact that 95 percent of all accidents are driver related and more than 22 percent are related to
missing driver alertness. Therefore, it is of utmost importance to ensure that the driver is in the loop
when required. It has to be ensured that he or she is able to react properly in a potentially critical
situation. Within HAVEit, a approach was be developed that is relatively new in automotive, but has
been successfully implemented in automation concepts of other domains like aviation: Instead of just
switching off an ADAS system in case of an impending potentially critical situation, a progressive
step-by-step-approach was used to transfer the driving task back from the automated system to the
driver. The interaction starts quite early in the event chain, i.e. few seconds before a potentially
critical situation occurs. It brings the driver back into the loop in advance of the critical situation and
provides him or her with the optimum level of automation and assistance needed in critical situations.

Secondly, a vehicle architecture scalable in terms of safety from fail silent to failure robust with
advanced redundancy management was developed and successfully implemented. A further impor-
tant focus of the architecture was enabling a rapid market introduction by usind technologies which
are close to series development (CSC). Therefore, for less safety relevant system components a fail-
safe ECU compliant with the Autosar standard and development methodology was developed and
implemented (XCC). The aim of this development was to perfectly match the needs and require-
ments of highly automated vehicle applications and to arrive at optimal system availability and
reliability. Addressing safety issues in a proper way in particular represents a key issue in steer-by-
wire (e.g. HAVEit Joint System demonstrator) and brake-by-wire vehicles (e.g. HAVEIit brake-by-wire
truck). In case of the brake by wire truck a pre homologation was done to prove the maturity of the
HAVEIit architecture approach.

The third measure aimed at developing and validating a next generation advanced driver assistance
systems (ADAS) directed towards a higher level of automation in comparison to the current state of
the art by integration of hitherto independent ADAS functions. HAVEIt implemented 7 pioneering
vehicle applications for both passenger cars and trucks aiming at improved safety and comfort as
well as improved fuel efficiency. The most important feature for support in terms of mental overload
is represented by the automated assistance in roadworks. Key features for driver support in terms of
mental under load are the automated queue assistance and the temporary autopilot. Finally, the
active green driving application based on the energy optimizing co-pilot contributes to safe and
ecological driving (of trucks and buses) by considering hybrid drive train and digital maps.

With these functionalities, HAVEit addressed the most important accident scenarios and ecological
needs.
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1

Motivation

1.1 Accident causation analyses

Accident analysis ATZ® show that 95% of the accidents are human related. Thus, driver support
on different levels offers high potential to achieve enhanced road traffic safety. The main error
prone behaviours are®:

Wrong estimation of control variables, command variables and constraints are resulting
from errors in parameter precision and the fact that a driver can only concentrate on just
one area at a certain time.

The driver provides just limited speed and precision in adjusting the control variables.
Additionally, especially in physical driving borderline situations, the average driver does not
have the requested capabilities to undertake stabilizing driving maneuvers.

Inexperience, the failure results particularly from critical un-known situations in which the
driver has no automatisms or rules available and the time-to-collision is too short to allow
him or her to mentally go through different action alternatives (such as braking, steering
etc.).

Fatigue, drowsiness, complacency or other motivations/activities in parallel to the driving
task detract driver attentiveness and reduce the driver's environment perception capabilities
(environment perception acted out with the required accuracy or timing). Recent studies
conducted in France for example, demonstrate that drivers who are going through a divorce
have a quadruplicated accident risk. It is also fully accepted now that using a mobile phone
while driving drastically increases the accident risk. The driver's emotional state, cognitive
distraction and fatigue are generally characterized by an evolution of the driving style and
the driving performance.

The 100 Car Study® reveals very important facts as well:

Driver Inattention: Nearly 80 percent of all crashes and 65 percent of all near-crashes
involved driver inattention just prior to (i.e. within 3 seconds) the onset of the conflict. Prior
estimates have been in the range of 25 percent of all crashes. In 2/3 of all accidents with
distraction involvement, the source has been identified:

46.7% objects outside the vehicle
22.5% operating radio / CD
17.3% passenger
6.8% moving interior objects
4.1% eating, drinking, smoking
2.4% phone calls

Rear-End-Striking Crashes: Visual inattention was a contributing factor to 93 percent of
rear-end-striking crashes. In 86 percent of rear-end-striking crashes, the headway at the
onset of the event was greater than 2.0 s. Most near crashes involving a conflict with a lead
vehicle occurred while the lead vehicle was moving.

Driver Drowsiness: Contributing factor in 20 percent of all crashes and 16 percent of all
near-crashes, while most current database estimates place fatigue-related crashes at a
much lower percentage (i.e. under 10 percent) of all crashes. Driving dozily increases an
i ndi vi ducabhdoscrashaiskiby four to six times. Engaging in secondary tasks that

® Automobiltechnische Zeitschrift, ATZ, 01/2007, year 109, p638
® The 100Car Naturalistic Driving Study, Phase-IResults of the 100 Car Field Experiment, Repiart DOT HS
810 593, April 2006
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require multiple steps or eye glances away from the forward roadway, increases the risk by
two to three times. Certain behavior has increased the risk of involvement in a near-crash
or crash. Reaching for a moving object increased risk nine times, looking at an external
object 3.7 times, reading 3.4 times, applying makeup 3 times and dialing a hand-held
device 2.8 times. Looking away from the forward roadway for long glances at inopportune
moments, increases the crash risk by two times in comparison to an alert driver.

e Table 1 summarizes the results from the United States 100 Car Study in terms of numbers
of crashes, near crashes and incidents.

Conflict Type Crash | Near-crash | Incident
Single vehicle 24 48 191
Lead vehicle 15 380 5783
Following vehicle 12 70 766
Object/obstacle 9 6 394
Parked vehicle 4 5 83
Animal 2 10 56
Vehicle turning across subject vehicle path in opposite direction 2 27 79
Adjacent vehicle 1 115 342
Other 0 2 13
Oncoming traffic 0 27 184
Vehicle turning across subject vehicle path in same direction 0 3 10
Vehicle turning into subject vehicle path in same direction 0 28 90
Vehicle turning into subject vehicle path in opposite direction 0 0 1
Vehicle moving across subject vehicle path through intersection 0 27 158
Merging vehicle 0 6 18
Pedestrian 0 6 108
Pedalcyclist 0 0 16
Unknown 0 1 3

Table 1: Number of crashes, neaicrashes and incidents for each conflict type éken from 100 Car Study,
Table RO.3)

Between 1999 and 2001 deaths resulting from accidents involving trucks accounted for around
16% of all road accident fatalities in the Netherlands’. This means that approximately one in
every six deaths on the road was caused by a collision with a truck. Similar figures were
reported In 1998 from Great Britain®:HGVs® were involved in 17% of all road accident fatalities
despite making up just 7% of the traffic on the roads of Great Britain. This demonstrates the fact
that HGVs are more likely to cause a fatality when they become involved in an accident than
other vehicle types. According to the European Road Safety Observatory, only 13 % of the
fatalities in accidents involving vehicles were occupants of HGVs. Other vehicles involved in
these accidents suffered a majority of the fatalities (59 %)™. All these facts show the necessity
for measures which reduce the involvement of heavy trucks in accidents.

"SWOV (2003), Cognos, SWOV, Leidschendam, NL in On track!

Results of the trial with the Lane Departure Warning Assistant system (2004), Ministry of Transport, Public Work
and Water Management, AVV Transport Research CeRtr#erdam

8 TRL Project Report Fatalities from accidents involving vehiekesnds, causes and countermeasures, Dec 1999
®HGV: Heavy Goods Vehicle

\web site : http://www.erso.eu
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Safety can be improved by these three factors: infrastructure, vehicle and driver. As 95% of all
accidents are driver related, the HAVEIt project aims at the third factor. Two measures for driver
improvements are feasible:

e Improving the reliability of the driver, e.g. by feedback monitoring. This has been
successfully demonstrated by the projects AIDE, SPARC, AWAKE etc.

e I ncreasing the substituti on -toer-raamespordiingitovae r

b o1

hi gher degree of automation with first-demon

t e rinmEaning intervention in critical scenarios.

While SPARC focused mainly on the short-term substitution (typically less than half of a
second), HAVEIit aimed at extending the working range with integration of longer term
substitution (up to few seconds), thus leading to a higher level of automation and furthermore to
the transition to short-term substitution.

The problem of driver inattention reported by the 100 Car Study was addressed in HAVEit by
the realization of a co-system, which takes the driver state (e.g. drowsiness) into account and
implements a step-by-step transfer of the driving task from the highly automated system back to
the driver. The problem of the high number of crashes, near crashes and incidents for different
conflict types was addressed by the HAVEIt highly automated vehicle applications.

1.2 Highly automated driving vision to improve overall safety

HAVEIt supports the necessity of higher integration and more reliable and driver sensitive
support and intervening safety functions to improve road traffic safety. HAVEIt, thus, represents
a significant step towards higher road safety by combining intervention and substitution models.
The HAVEIt consortium interprets the long-term "Highly Automated Driving" vision in following
sense:

The key actor in safe driving must be the driver. Everything has to be done to optimize her or
his performance; therefore we built the automation centered on the driver. Taking into account
that the need for assistance strongly depends on the varying performance level of the driver, the
need for a dynamic balance or flexible task partition between driver and automation becomes
obvious. A higher degree of automation in this context means to support the driver in mono-
tonous driving tasks (e.g. queuing on crowded motorways, continuous lane keeping) as well as
in highly demanding tasks like driving through the narrow lanes in roadwork areas. Automation
must be designed in a way that different degrees or stages of support can be flexibly produced
(ranging from mere warning up to a temporary auto-pilot etc.).

e One of the key issues is represented by finding the optimum way for sharing the driving
task between the driver and the highly automated system. If the driver is allowed to be out
of the loop for a few seconds, he or she needs to get a few seconds time to get back into
the loop to react properly (i.e. to continue driving) in case the highly automated system
detects a scenario that cannot be handled automatically. Current state of the art systems
and other research systems warn the driver in such cases and just switch off, thus leaving
the driver alone in the critical situation, in some cases even without prior warning. In
HAVEit, a novel approach was followed to overcome this problem: A step-wise strategy
(starting sufficiently in advance of an up-coming situation that might not be handled
automatically) was developed to give the driving task back to the driver to ensure that the
driver is really capable to react accordingly to the driving situation. Due to its safety
relevance, the optimum task repartition in the joint system driver / co-system (i.e. auto-
mation system) has been identified as one key objective of this project and is considered to
be a horizontal activity.
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e The multi-stage concept for optimum task repatrtition in the joint system was made available
to the vertical application activities aiming at different innovative safety and comfort
functions.

e Systems aiming at a higher degree of automation and at safety definitively need to include
the possibility of intervention to avoid a collision or mitigate a crash in case the driver is out
of the loop for a dedicated moment. To take this safety requirement into account, highly
automated vehicle applications need to integrate some kind of minimum risk maneuver, e.g.
emergency brake function.
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2 Project objectives

2.1 Three HAVEIt key objectives

To support the vision of highly automated driving, three key objectives (sorted according a top-
down approach) were derived to achieve the targeted safety benefits:

2.1.1 Development and validation of next generation ADAS functions as a co-system

Safety problems in driving arise from two sources: From the driving situation itself and from the
current performance level of the driver. Assuming a U-shaped function (see Figure 1) between
driving difficulty and performance, a fundamental relationship discovered 1908 already by the
psychologists Yerkes and Dodson'!, research has shown that the need for assistance arises at
least in two different scenarios.

driver underload driver overload

vigilance / drowsiness multiple task danger

(®Y A

@
need for assistance

—

Figure 1. U-shape function between driving difficulty and driver performance

In case of monotonous driving, mental underload will lead to decrements of vigilance and in
consequence to dangerous situations. In case of highly difficult situations (like driving in the
narrow lanes of roadwork areas) symptoms of stress will result in a deteriorated performance.
Highly automated driving is a promising way to avoid both difficult regions and is therefore
directly linked to traffic safety. The third component of highly automated driving tries to keep the
driver on the optimal performance level as long as possible by facilitating the normal driving
task.

Therefore, one key objective of HAVEIt is represented by the development and validation of
next generation ADAS functions (based on a co-system) directed towards a higher degree of
automation in particular to support the driver to arrive at a higher level of safety, i.e. reducing
accidents.

' Yerkes RM, Dodson JD (1908)The relation of strength of stimulus to rapidity of hafeitmation”. Journal of
Comparative Neurology and Psycholatfy 459 482 http://psychclassics.yorku.ca/Yerkes/Law/
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2.1.2 Optimum system joining and interaction between driver and co-system

Up to now, automated systems are switched eithei
of systems integrating different functions like HAVEit. If one part of the integrated system shows
malfunction or reaches its system limits, the remaining parts of the integrated system may still

work correctly or must only be degraded in part. The same holds true for the driver. There may

be an intention for maximum automation in some situations, whereas partial assistance may fit

better to other driving situations. Also, different alertness states of the driver (e.g. sleepiness)

may prohibit switching in a highly automated mode. Therefore, the basic idea of HAVEit is to

define different degrees of automated driving which can be selected according to the needs of

the driving task.

On the one hand, offering different adaptable degrees of automation is not trivial. On the other
hand, this is already working successfully in a lot of non-car vehicles. As a first example,
imagine a modern aircraft. Besides automation, there is one main reason why aircrafts are
usually safer than cars: There is a second entity, a second brain in the cockpit. A co-pilot, who
checks the actions of the pilot, who can take over certain tasks to relieve the pilot in case flying
would wear out or bore the pilot (left side of the U-shape), or overload the pilot (right side of the
U-shape). In aircraft with only one pilot, the role of the co-pilot can be performed by an
advanced electronic system or electronic co-pilot (e.g. Champigneux et. al. 1989, Flemisch &
Onken 1999%). Co-pilots in cars, e.g. in rally cars, usually do not drive themselves, but the
comparison can still be exploited and used for technical systems in cars and trucks that act like
aviation co-pilots. Car prototypes were demonstrated e.g. in (Hassoun et al.1993") or (Holz-
mann 2007"%). Another important inspiration for HAVEit came from other base research project
that once again started in aviation and went to automotive: In the H-Mode project, the highly
automated vehicle is not compared to a co-pilot, but to intelligent animals like horses, These
animals are are not so intelligent as a human, but very skilled in movement, have own
preservation instincts, and can be cooperatively controlled in a spectrum between more directly,
with a tight rein, and more indirectly with a loose rein (e.g. Flemisch et al. 2003, Goodrich et al.
2006'°, Flemisch et. al. 2011").

In the HAVEIt project, experience from the above mentioned examples is used carefully and

blended with more pragmatic approaches: HAVEit vehicles will of course not be as intelligent as

a real co-pilot or as real horses, but will contain a sophisticated co-driving system (named co-

system in this project) that can, in limited driving situations, perform a higher percentage of the

driving task automated (i.e. highly automated). The co-system is usually dependent on the

driver to allow, supervise and/or participate in the automated behavior. If well designed, driver
andco-systems form an ideal s y mbiveobetiersand safer thahariynt Sy
of the two partners would be capable alone. One essential key to such a successful com-

bination of human (driver) and automation (co-system) lies in the proper design of the tran-

sitions between lower and higher degrees of automation.

Flemi sch, F.O.; Onken, R: The Search for Pilotés | de
Assistant Military Aircraft CAMA, HCI International, Munich, 1999

3 M.Hassoun, C.Laugier (Lifia) and D.Ramamonjisoa, N.LeFort (Heudiasyc): "towards Saifeg drivtraffic
situation by using an electronic copilot" Proceedings of the IEEE Intelligent Vehicles Symposium, Tokyo Japan, pp
84-89, July 1993

4 Holzmann, Frédéric: Adaptive Cooperation between Driver and Assistant System, Improving Road Safety.
Springe, Berlin, 2007

> Flemisch, F.O.; Adams, C. A.; Conway S. R.; Goodrich K. H.; Palmer M. T. ; Schutte P. C.:Nib&phor as

a guideline for vehicle automation and interaction; NASASI®003212672; NASA Langley Research Center;
Hampton, Va, USA; 2003

'8 Goodrich, K.; Flemisch, F.; Schutte, P.; Williams, R.: A Design and Interaction Concept for Aircraft with
Variable Autonomy: Application of the #Mode; Digital Avionics Systems Conference; USA; 2006

" Flemisch, F.; Bengler, K.; Bubb, Heiner; Winner, H.; 8t R.: Towards a Cooperative Guidance and Control of
Highly Automated Vehicles: HMode and Condudby-Wire; Submitted to Human Factors Special Edition
Automation in Vehicles, Ed. Natasha Merrat & John Lee; 2011
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Driver Automation

Driver Semi Highly
Assisted autom. autom.

Figure 2: Automation levels considered in HAVEit- the stepwise transfer of the driving task forms the basis
for optimum task repartition in the joint system

In HAVEIt, over a couple of iterative design and evaluation cycles, three different levels of
assistance and automation were selected: 1.) Driver-assisted, where the driver is in full control,

but the co-system supports with a light assistance e.g. during lane change. 2.) Semi-Automated

/ ACC+, which integratesthe fAcl assi cal 06 and myystems. 8)MHighlyiasta-i cat e
mated driving, where the co-system does most of the driving, but the driver is still in the loop

and can take over the driving task anytime (see e.g. deliverables D 33.3'%, D33.6").

The rationale of the development is shown in the figure above. In addition to the definition of
meaningful stages of automation, special care has to be given to the transitions between stages
in both directions. These transitions may be initiated by the driver with respect to his or her
intention or by the co-system with respect to the needs of the situation.

To achieve the above key objective, existent ADAS functions were integrated and expanded to
a joint system driver / co-system whereby driver and co-system are considered as "observer"
and complementary of each other. A mode selection and arbitration unit allows selecting the
adequate automation mode (also by means of substitution and active intervention) and decides
about the most suitable driving command. The main idea behind this development is illustrated
in Figure 3 below.

Based on her/his mental representation of the driving situation and her/his driving intention, the
driver gives a command which is processed through the mode selection and arbitration unit
before being executed via the drive control. On the other hand, based on the sensor
representation of the driving situation, the co-system develops its own system command
strategies (all safe maneuvers, see block co-pilot in the diagram), which are also fed into the
mode selection and arbitration unit.

In addition, the mode selection and arbitration unit (MSU) gets information about the current

state of the driver as well as about the state of the co-system. Driver 6 s st ate is mai nl
by the degree of attentiveness, of activation state and of his or her awareness about the

situation and the automation state of the joint system. But the state of the co-system in terms of

sensors and system reliability, error level and system limits must also be taken into account by

the MSU before deciding which command should be executed. The result of this process is a

safe motion vector which then will be sent to the execution level to be performed. Both, the

driver and the co-system must be informed about any change of the automation mode (internal

state) and the environment (external state).

~

Obviousl vy, the degree to which the driver is #fAi
system, are key determinants in the joint system. The state of the driver strongly modifies the
decision about the action (e.g. in case of drowsiness the joint system will try to rely more on the
commands of the system and start actions to bring the driver back into control). In the same
way, quality and quantity of the feedback about the final action are adapted to the state of the

'8 Flemisch, F.; Schieben, A.(Ed.): Validai of preliminary design of HAVEit systems by simulation (Del. 33.3).
Public deliverable to the Edommission; Brussels; 2010
9 Schieben, A.; Flemisch, F. (Ed.): HAVEit Del. 33.6., 2010
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driver (e.g. in case of overload the feedback has to be weak, in case of underload strong).
Evidently, difficulties may arise if the stage of automation is changed (transition problem). Up- or
downgrading the automation must be represented to the driver as well as to the co-system.
Adequate measures must be developed to guarantee that each actor in the joint system has
sufficient mode awareness.

1 1
! . Environment sensors| | Vehicle sensors|!
: Driver I
1
| — 7 U .
1 river . 1
: monitoring ﬁ Sensor data fusion I
1
1 1
4l 0 |
i HMI '
Driver state Co-Pilot |
assessment S |
=
&
<
L
Mode selection unit X
1
) 1
automation level 1
1
. L 1
Command generation and validation |
| e e - - - - - 1
motion control vector
Drivetrain control
Steering Braking Engine Gearbox
actuator actuator actuator actuator

Figure 3: System design for optimizing the task repartition in the joint system driver co-system

Therefore, the next key objective of HAVEIt is represented by the design of an optimal inter-
action and task repartition in the joint system driver / co-system. Special emphasis has to be
given to the assessment of the degree to which the driver is in the loop and possible counter-
measures to bring him/her step-by-step back, e.g. in case of oncoming situations which the
highly automated system may not be able to handle on its own.

2.1.3 Development and validation of failure tolerant, scalable, safe vehicle architecture

In case of the need for strong, fast and accurate actuation (e.g. in an emergency braking situa-
tion in curves), in many situations smart actuators (e.g. activated by the emergency behavior of
the co-system) are superior to most humans. To further improve traffic safety, HAVEit therefore
followed a third main objective: The development and validation of a safe and flexible architec-
ture combining redundant, failure tolerant (so-called XCC?) and fail-safe, scalable automotive
ECUs (so-called CSC?') communicating via suitable automotive bus systems (FlexRay, CAN) to
arrive at both better economical use of resources, improved safety and higher overall vehicle
reliability.

20 X -by-wire Control Computer
%1 Chassis and Safety Controller
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The redundancy management in the XCC platform forms an abstraction-layer between safety®”

and functionality. Safety thereby can be characterized via integrity”® and reliability?*. The soft-
ware layers can be visualized as shown in Figure 4. The platform approach is illustrated in

Figure 5.
W {Application 1 ‘ [Application 2} @ F

Functional Control-SW

Application-Management

Sensor/actuator resource-management, application (partition) i control, ...

Platform-Management

Management of the redundant control-platform, ...

Redundancy
Management

10-Management

Interactive data-consistency

oS

Scheduler, Device-Drivers, Partition-Management, ...

Driver

Vehicle Chassis Suspensio

Sensor- Braking Steering Assistanc Integrated
State Control n
failsafe : Functions Functions E Telemetric
Cbserver Arbitration Functions .
Functions
Au . @SAH Runtime Environment (RTE)
System Services
. Complex
ECU Abstraction Dl

Microcontroller Abstraction

Figure 4. HAVEit safety architecture software layers
a) fail-tolerant XCC system (for safety critical actuators) and
b) fail-silent CSC systerf? (for joint system implementation, AUTOSAR compatibility)

With respect to safety®, the key tasks of the redundancy management can be split up in
failure?’ treatment (management of checking redundancy), based on interactive data consis-
tency and failure tolerance (management of operational redundancy). Only in case that the
checking redundancy is working properly, the operational redundancy can be used. The

%2 safety Describes a state in which risk is lower than the boundary risk. The boundary risk is the upper limit of
the acceptable risk; it is specific for a technical process or state (ARP 4754).
2 Integrity: Attribute of a system or an item indiicsy that it can be relied upon to work correctly on demand
(ARP 4754).
% Reliability: The probability that an item will perform its intended function for a specified interval under stated
conditions (ARD 50010).
% Failure detection in the CSC system is achieved by hardware redundancy means.
% operational functionalities as contiséquencing of the communicatiaesp. energglusters or the higlevel
controHunctions are not take into account within tbgpter.
%" error: An omission or incorrect action by a crewmember or maintenance personnel, or mistake in requirements,
design, or implementation (AMC 25.1309).
failure: An occurrence, which affects the operation of a component, part, or elementatitican no longer
function as intended, (this includes both loss of function and malfunction). Note: Errors may cause Failures,
but are not considered to be Failures (AMC 25.1309).
fault: A physical condition that causes a device, component, meateo fail to perform in a required manner;
for example, a short circuit or a broken wire (ARD50010).
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guantification of the corresponding required detection and monitoring rates in order to reach the
reliability per function can be done using a Markov model®. This can also be used to derive the
degree of operational redundancy based on a given board reliability of a single control

computer.
I Operational
Scalability Reliability

Integration of

N ) T N »Simplex Minded Designed
) lappli| [Appli| |Appli| [Appli Applications
ﬁ 1 2 n
ek
4
% — steering actuators
0 — -
a braking modules
——-
— aggregates / actuators

\.

Interfaces efficiency
Figure 5: HAVEit safety platform approach (built on the SPARC project)

The degree of checking and operational redundancy is thereby not only dependent on the
criticality of a function but also on the basic concept of the vehicle:

e advanced driver assistance with mechanical backup (e.g. electric steering actuator, joint
system modules): use of fail-safe CSC ECUs and Autosar methodology

e advanced driver assistance without mechanical backup (e.g. steer-by-wire and brake-by-
wire actuators): use of failure-tolerant duo-duplex XCC ECUs

With these three key objectives HAVEIit paves the way for higher levels of automation by
integrated ADAS functions and significantly contributes to improved road traffic safety. More-
over, the unique and flexible architecture with open interfaces is ideally suited to integrate
additional functionalities by adding software modules (e.g. based on of a standardized runtime
environment, such as AUTOSAR).

2.2 Scientific and technological objectives: Challenges and functional clusters derived
from the three key objectives

The three key objectives presented above were broken down to challenges which were
clustered according to their nature: technological challenges were grouped in two so-called
horizontal clusters. Results achieved from them were made available for all highly automated
vehicle applications, which were organized in two so-called vertical clusters, see Figure 6.

8 R. Reichel: Flight Control SysteriisFly-By-Wire, ati Automatisierungstechnik, Volume: 52, Issue: 2004,
pp: 588i 595, Oldenbourg Wissensdteverlag GmbH
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Functionality
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Fully automated driving tasks
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based on joint system interaction
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Safety Systems
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conventional 1E / 1M architecture 2E architecture
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* Project is part of the 6th European

Framework Programme (2004-2007) ArCh|teCtU re Mlgratlon Path

Figure 6: Introduction of the highly automated driving migration path

"Horizontal" clusters leading to results to be included into vertical applications:

e Cluster 1: Integration challenges (for reasons of clarity not outlined in Figure 6).

e Cluster 2: Implementation of the failure tolerant, redundant, flexible and scalable safety
architecture aiming at improved traffic safety and at suiting the needs of future
safety systems, i.e. highly automated functions.

e Cluster 3: Situation adaptive, optimized task repartition and interaction in the joint system
driver - co-system aiming at improved safety.

"Vertical" application clusters:

o Cluster 4: Joint system and safety architecture validation: Validation of the innovative Joint
System interaction in a generic car ("rapid prototyping" approach as a first step).
Improved ergonomics and safety for vehicles on the basis of the scalable,
failure redundant XCC 2E architecture and on the basis of the scalable, fail-
silent CSC concept to be extended in HAVEIt towards automation capabilities.
Further intention was to show the migration path to the new HAVEIt architec-
ture.

e Cluster 5: Highly automated driving applications suitable in public traffic for continuous
driver support and improved road traffic safety and efficiency.

Obviously, these five technical clusters mark migration paths in two directions (see Figure 6):
Migration in the safety vehicle architecture direction (horizontal axis) and migration towards
higher levels of functionality (vertical axis). Both migration directions are linked: Considering e.qg.
the cluster 5, in case of t systemf woulds stop \aockings mt o r
contrast, a vehicle equipped witha f aul t tol erant HAVEIi t archi
redundancy management to overcome at least some failures, thus being able to continue
driving. Using the HAVEIt mode selection and arbitration unit in case of an actuator failure the
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ADAS function would be decreased gradually but not stopped (e.g. not allowing the highest
automation mode as a potential further actuator failure would require faster reaction of the
driver). Different steps in both architecture direction (horizontal axis) and automation level
direction (vertical axis) are expected in the direction of "highly automated driving".

HAVEIit also defined which levels of architecture integration are required depending on the
levels of automation (corresponding to the different vertical clusters) to overcome correctly the
risk of failures. Consideration of relevant scenarios lead to the simple rule: The higher the level
of automation, the higher the safety and failure tolerance requirements. Accordingly, the arrow
in the background of Figure 6 is pointing to the right top of the illustration is indicating the overall
migration path.

The challenges assigned to each functional cluster are briefly described next.

e Horizontal cluster 1: Integration challenges

This cluster comprises integrating activities common for all technical tasks:

Challenge 1.1: Requirements and specifications

One of the main issues consisted in the definition of the functional specifications and of an
agreed and validated set of specifications. HAVEit cared for the systematic collection and
tracking of any requirements throughout the project. Work in this challenge included the
design of gener al systems str uc-tcargyest eemdg
just one example). The different levels of automation were defined as well as the relevant
factors (both from the driver and the co-system) which are used to select the automation
level. Feedback strategies were developed both to maintain and to get back mode aware-
ness of the driver.

Challenge 1.2: Derivation of the overall safety architecture:

Based on and partly in parallel with the definition of requirements at the different system
levels partners developed the common overall system architecture. In the meaning of a top-
down-approach, partners further agreed on a common architecture including common inter-
faces and protocols from the top system level down to as much as possible subsystem and
component levels (e.g. vehicle architecture, co-system architecture, sensor system archi-
tecture, processing architecture including communication matrices), thereby forming the
basis for all further technical developments in this project.

Challenge 1.3: Application optimization and validation

Having achieved first highly automated functionalities, partners entered the common opti-
mization and validation phase of the project. Close cooperation helped to foster the
common understanding and the sharing of key knowledge achieved in terms of the various
horizontal and vertical activities and second to prepare for the common, final demonstration
of the validation vehicles (during the final event in June 2011).

e Horizontal cluster 2: Safe vehicle architecture implementation

This cluster covered the development of the safe and scalable vehicle architecture. The
results were made available to all vehicle applications:
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Challenge 2.1: Development, integration and verification of a safe control platform

a) Failure-tolerant duo-duplex platform for safety relevant actuators (XCC with integrated
redundancy management)

On the basis of the SPARC results, duo-duplex ECUs (so-called XCCs) were developed
and provided for the x-by-wire actuators (steer-by-wire in WP4100 and brake-by-wire in
WP4200).

Out of the platform-requirements the XCC platform functional description can be generated
and broken down to the HW/SW co-design. As in HW and SW just functionalities can be
realized, it is the task to transfer all functional and safety requirements to pure elementary
functions and to allocate those to HW and SW. A challenge within this work package
resulted out of the task to provide an optimum platform for different validation vehicles with
a high degree of configurability and scalability. Therefore, an intelligent configuration me-
chanism was developed to derive out of a database the full configuration data for the
platform consisting out of the central platform computer, subsystems, the overall communi-
cation network(s) and the test-bench.

Having integrated this platform, the high-level control functions (for steer-by-wire in the
WP4100 passenger car and for brake-by-wire in the WP4200 truck) could be linked to the
redundancy management. The integration verification then took place first in the lab and
afterwards the platform was integrated in the vehicles and the functional tests could start.

b) Fail-silent platform for safety relevant modules, e.g. the joint system (CSC, AUTOSAR
compatible runtime environment)

Based on the partners' strong product experience in the field of chassis and safety systems,
a powerful ECU was developed and offered to all partners. In particular the CSC platform
was used for the joint system integration, as - based on the AUTOSAR runtime environ-
ment - it represents the ideal platform for the easy integration of software developed by
different parties on the same ECU.

Challenge 2.2: Communication

This challenge has been planned to precisely define the overall communication common for
all HAVEit highly automated systems. As explained above, this step is required for the full
configurability of the individual systems and the possibility of an easy exchange of software
modules between partners. Due to the safety relevance of the HAVEit applications and the
large amount of data to be handled, FlexRay communication was required in addition to
CAN communication.

HAVEit functionalities and in particular most future HAVEIit+ applications can benefit from
the incorporation of communication channels to exchange relevant information with other
vehicles and infrastructure. Suitable communication channels (hardware, software and
protocols) have already been developed in other projects, e.g. CVIS. HAVEIt adopted these
existing modules to the HAVEIt architecture to be compatible to widely accepted commu-
nication standards. Both, directional IR V2V and non-directional RF V2I communication
channels were integrated. In the HAVEit architecture V2V and V2I communication channels
are considered as additional sensors.

Challenge 2.3: Fast, smart and reliable actuators

The development of smart, intelligent high speed actuators for the application challenges
4.1 and 4.2 and 5.1 described below was considered a further horizontal challenge. Inno-
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vative steering actuators including control strategies are required for improved ergonomics
for drive-by-wire applications (e.g. challenge 4.1 with 2E actuator providing no mechanical
fallback during normal operation).

Novel brake-by-wire actuators, electro-mechanical wheel brake (EMB) actuators utilizing
the principle of self-enforcement for generating brake force, are a development to a higher
level of maturity. The brake system was integrated in a truck and be pre-homologated for
the first time for use on public roads (challenge 4.2). Compared with state of the art
pneumatic brake systems, stopping distance was significantly reduced. Further, EMB
reduced the energy consumption during the braking sequence.

e Horizontal cluster 3: Situation adaptive, optimized task repartition in the joint system
driver - co-system

To achieve this key objective, for optimum task repartition between driver and co-system,
an innovative situation adaptive interaction concept was developed and implemented which
takes driver intention, driver attention, vehicle status as well as the co-system command
vector into account. Using probability measures to assess confidence of both driver and co-
system command vectors, a combined vehicle command vector is calculated ensuring safe
and stable reaction of the vehicle on the one hand and allowing the stepwise transfer of the
driving task from the highly automated system back to the driver or vice-versa in case of an
imminent situation. As mentioned above, such adaptive cooperation in the joint system is
considered as a key issue for future safety systems.

To achieve this key objective, three challenges were identified:

Challenge 3.1: Co-system

One input channel of the mode selection and arbitration unit is represented by the co-
system command. Parallel to the driver, a co-system integrating the ADAS functionalities
provides this safe command. Furthermore, this co-system has a cognition model similar to
the real driver. A perception layer by means of sensors and data fusion module provides an
environment model to the knowledge layer. Similar to a real driver this layer performes like
a multi-agent system which integrates different control tactics for different situations. The
co-system needs to monitor itself to define a confidence value for the mode selection and
arbitration unit like for the driver. However, a self estimation was developed here directly by
combining information from the data fusion (a-priori knowledge) and matching rate of the
functionality patterns (in situ knowledge).

Challenge 3.2: Driver in the loop assessment

The second input channel is assigned to the driver state information. Both direct (e.g.
monitoring the driver vigilance with a camera system) and indirect measures (evaluating
driver activities, such as history of pedal, steering activities, vehicle behaviors) were
combined to achieve the required high confidence level for the driver vigilance information.

Relevant dimensions are on one hand attentiveness, drowsiness and stress level of the
driver, on the other hand the driverdés ment al
tion caused by daydreaming etc.). Methods and parameters to assess the degree the driver

is in the loop were developed.

The development also needed to include dangerous test scenarios (falling asleep, critical
traffic situations). Therefore, driving simulators needed to be used as a development tool,
e.g. simulation software SILAB (from WIVW, driving simulators of DLR, VTEC and VW).
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Challenge 3.3: Joint system design and validation

It is further essential to understand the driver command and maneuver: Why does he react
in a specific way in a certain scenario? An environment model needed to be developed and
implemented for this purpose. Understanding the driver intention allows the generation of
important expert knowledge which in turn can be used for the further optimization of the co-
system.

From the previous challenges it was concluded that the interaction between the elements of
the joint system hads to be designed according to the degree the driver is in the loop. This
includes information about (1) the relevant dimensions of system and situation awareness,
(2) the methods to assess this awareness, and (3) measures to keep the driver in the loop
and accordingly countermeasures to bring him/her back step-by-step into the loop in case
he is not (sufficiently early before a situation escalates that might not be handled by the
highly automated system).

Offering different degrees of automation also means that transitions between these levels
will occur. Therefore, special emphasis was given to the mode awareness, i.e. the driver is
always aware about the current level of automation.

After having developed and validated the algorithms for optimum task repartition in the joint
system by simulation means, these were made available to the vertical applications (semi-
automated driving tasks in public traffic).

e Vertical cluster 4: Flexible and scalable safe vehicle architecture

The vehicle architecture migration path is outlined in the horizontal axis of Figure 6. The
use of a "conventional system architecture" is not well suited for the development of cluster
5 applications. For the long-term vision of automated driving additional architectural featu-
res are required.

The second step in terms of a failure tolerant architecture is represented by the "1E/1M
architecture" (i.e. having full electronic control over actuators but a mechanical fallback
solution) This steps give the necessary degrees of freedom to realize the HAVEit functio-
nality and is reliable enough due to the fact that HAVEIt requires to have the driver in the
loop.

For full by-wire application a so-called 2E architecture is needed. Because there is no
mechanical fall back the control electronics and the power supply to the actuators must be
designed failure tolerant. In SPARC a first proof of concept for the 2E integration has been
achieved (by using a duo-duplex ECU architecture).

To validate the architecture migration path including scalability, within HAVEit different
architecture integration steps were demonstrated for different highly automated vehicle
applications. To achieve HAVEit's third key objective, challenges 4.1, 4.2 and 4.3 have
been defined to validate the scalable safe vehicle architecture and its safety and econo-
mical benefits:

Challenge 4.1: FASCAR - Extended joint system demonstration, JSD

One challenge in developing the HAVEIit approach is represented by the parallel deve-
lopment of two crucial points: The development of joining of and interaction between the
driver and the co-system; and the development of the hardware architecture for implemen-
tation. To avoid the development risks that failures will be first detected in a real vehicle
very late in the process we introduced a generic experimental car (FASCar) where initial
implementations can be pre-integrated and tested right from the beginning of the deve-
lopment process and closely tied to the evaluation in the simulators.
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Another challenge in developing the HAVEIt approach was that in the horizontal activity of
joint system design and validation, a generic concept was developed and then tailored to a
couple of realistic applications in the vertical activities of the vehicle demonstrators. This
activity had only a chance if the generic joint system could also be integrated, tested and
demonstrated in a test vehicle before it was tailored down to the realistic applications.

The FASCar from DLR was optimized for this iterative development cycle. Its software and
hardware architecture were compatible with the simulator environments, and ready to host
preliminary versions of the safe HAVEit vehicle architecture as early as possible, so that
integrations and demonstrations could be shifted with minimal distance between the initial,
generic architecture and the final redundant architecture.

As mentioned earlier, this generic vehicle was also used for the validation of the 2E steering
activities for drive-by-wire applications to show extended possibilities for improved ergono-
mics by a proper design of the steering feedback.

Challenge 4.2: EMB-Truck i Brake-by-Wire for public roads, BbW

This vehicle is the logical extension of the development done during the SPARC project.
After having shown the feasibility of EMB for every kind of road vehicles and the reliability of
a drive-by-wire platform, the next step was to prepare x-by-wire components for pre-
homologation.

Based on the Haldex brake actuators developed in challenge 2.3, the EMB system replaced
the current pneumatic actuators to brake the vehicle. Very important in terms of safety is
the fact that a heavy vehicle using an EMB system achieved a shortened stopping distance
of 15% in average compared to existing systems on the market. To further develop the
system towards public road operation was an essential step to commercialize this new
technology, which will make automized stop and go more comfortable and save enegy,
because there is no need for permanently provide compressed air for the pneumatic
brakes.

The resulting vehicle (installation and integration of the truck was done jointly by Volvo 3P
and Haldex) was used to build a safety case and to start the pre-homologation procedure to
operate the system on public roads. Pre-homologation was done in close cooperation with
subcontractor TUEV Nord, Germany.

Challenge 4.3: Architecture migration demonstrator, AMD

While challenge 1.2 covered the derivation of a safe vehicle architecture and related paper
work, challenge 4.3 was dedicated to the prototypic realisation of the architecture aiming at
first at the demonstration of migration steps to bring the new highly automated systems into
products and at second to show the integration of basic HAVEit functionalities into the
vehicle in a safe and economic way by making use of the flexible and safe architecture
derived in challenge 1.2.

The control flow of HAVEIt (see Figure 3) forms the basis of this demonstrator and is com-
mon in all HAVEit vehicles. The architecture was developed using a top-down methodology,
intending to achieve a structure being basically independent of the exact functional content.
A common motion control vector was defined as the interface between the command layer
and the execution layer which are generally independent of the underlying vehicle platform.
While for most other HAVEIit demonstrators a couple of PCs were used to realize the joint
system, the architecture migration demonstrator is based on control units that are closer to
the market, i.e. wherever possible the generic fail-silent ECU developed within HAVEit
challenge 2.1 was used.
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e Vertical cluster 5: Highly automated driving (in public traffic) aiming at continuous
driver support and improved road traffic safety

This functional cluster includes the development and validation of 4 innovative safety,
comfort and active green driving applications:

Highly automated driving

/ AN

Safety Energy optimization,
enhancement emission reduction
VOLVO Active Green
Bus Driving (Energy
Driver overload Driver underload Optimizing Copilot)
(demanding driving tasks) (monotonous driving tasks)
Automated Assistance VOLKSWAGEN Temporary
in Roadworks Car  Autopilot
(and Congestion)
VOLWVO Automated
Truck Queue
Car Assistance

Figure 7: Structure and objectives of the different highly automated driving applications (challenges
cluster 5)

Challenge 5.1: Automated assistance in roadworks and congestion, ARC (passenger car

application)

This application is directed towards highly automated driver support in particular when
driving through a roadwork area. Special challenges for automated driving through a road-
work area are narrow lanes and curves, ambiguous lane marks, changing speed limits and
other vehicles driving closely next to the own vehicle. In case the vehicle aside moves
laterally just some 20cm, the lane may become too narrow so the own vehicle needs to
intervene quite hard. To cope with this potentially very critical situation, the experimental car
needed to feature emergency braking functionality.

Automated assistance in roadworks and congestion integrates different automation func-
tionalities and levels. In particular when driving through the narrow lanes of roadworks
special care needs to be taken on the transitions between the different automation levels
and on the evaluation of the system limits. Obviously, the complex roadwork scenarios
bring todayob6s state of the art sensing technol

Challenge 5.2: Automated gueue assistance, AQUA (HGV application)

Automated queue assistance supports the driver in motorways and rural roads by integra-
ted longitudinal and lateral control (thus representing a new generation of automated cruise
control). In reality this means that the system continuously supports the steering, accele-
rating and braking of the vehicle.

The level of automated control is continuously adapted based on the state of driver, vehicle
and environment. At the highest level of automation the system autonomously handles
steering, accelerating and braking to keep the vehicle in the correct lateral position in the
lane, at desired speed and at a safe distance to other vehicles. In particular, this is possible
in low speeds and dense traffic down to a complete vehicle stop. The system functions and
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supports the driver also in non-congested situations and higher speeds but the level of
automation is determined by the performance of the perception system and user accep-
tance.

Challenge 5.3: Temporary auto-pilot, TAP (passenger car application)

The temporary autopilot system developed in HAVEit integrates three different levels of
functionalities: pilot functionality (hands-off driving), e.g. driving in a traffic jam; assisted
driving (hands-on driving, driver in the loop), i.e. driving in normal traffic mode, e.g. driving
when traffic jam terminates; and intervening safety functions, e.g. driver initiated emergency
braking.

To achieve these high and complex functionalities, a dedicated sensor platform needed to
be developed. It comprises a set of ultrasonic sensors which detect other vehicles and
pedestrians in front of the ego vehicle, a front view and a rear view mono camera for the
detection of lane markings, a 77 GHz radar sensor for the detection of vehicles, a laser
scanner for the detection of vehicles and pedestrians and an electronic horizon, e.g. for the
detection of speed limits.

Challenge 5.4: Active green driving, AGD (energy optimizing co-pilot, bus application)

The intention of the active green driving application was to use a "forecast" on the vehicle
movement over the next period of time (e.g. 30 seconds) to optimize the powertrain control
of the hybrid bus. Hybrid buses are of particular importance in urban areas. It is anticipated
that there will be "zero-emission" zones in city centers. In that case, even buses and trucks
need to operate with zero emission in these areas.

It is a big challenge to optimally control the complete system in order to achieve the best
balance between saving energy and providing optimal power. Regarding overall fuel con-
sumption of the HAVEIt active green driving concept, according to the evaluation results
achieved in HAVEit, fuel and CO, reductions between 6-8% beyond the reduction by a
normal average hybrid citybus can be achieved. This number is depending on the urban
driving cycle and on the driverbds driving

According to the clusters of challenges derived to achieve the HAVEIt key objectives, each
cluster has been assigned an own sub-project, while each challenge in a certain cluster has
been assigned a work package. Consequently, 5 technical sub-projects result from the 5
HAVEit clusters. These were accompanied by a 6™ sub-project covering management tasks.
The links between the different horizontal and vertical work packages of the HAVEit Integrated
Project are summarized in the matrix shown in the figure below.
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Figure 8: HAVEIt work package structure and interaction between horizontal and vertical activities
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