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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: 
 
(i) 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.  
 

(ii) 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. HAVEit brake-by-wire 
truck). In case of the brake by wire truck a pre homologation was done to prove the maturity of the 
HAVEit architecture approach. 
 

(iii) 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 ATZ5 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 are5: 

 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 Study6 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 
individualôs near-crash or crash risk by four to six times. Engaging in secondary tasks that 

                                                 
5
 Automobiltechnische Zeitschrift, ATZ, 01/2007, year 109, p. 58-62 

6
 The 100-Car Naturalistic Driving Study, Phase II - Results of the 100 Car Field Experiment, Report No. 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. 

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

 

 
 

Table 1: Number of crashes, near-crashes and incidents for each conflict type (taken 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 Netherlands7. 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 Britain8:HGVs9 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 %)10. All these facts show the necessity 
for measures which reduce the involvement of heavy trucks in accidents.  

                                                 
7
 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 Centre, Rotterdam 
8
 TRL Project Report Fatalities from accidents involving  vehicles - trends, causes and countermeasures, Dec 1999 

9
 HGV:  Heavy Goods Vehicle 

10
 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: 

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

 Increasing the substitution of the driver both in ñmiddle & long-termò - corresponding to a 
higher degree of automation with first demonstrations like in Chauffeur and on ñshort-
termò ï meaning intervention in critical scenarios. 

While SPARC focused mainly on the short-term substitution (typically less than half of a 
second), HAVEit 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.).  

 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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 The multi-stage concept for optimum task repartition in the joint system was made available 
to the vertical application activities aiming at different innovative safety and comfort 
functions.  

 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. 

 

 



HAVEit  23.09.2011 

Deliverable D61.1 Version 1.0 5 
Final Report 

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 Dodson11, research has shown that the need for assistance arises at 
least in two different scenarios.  

 

 

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. 

 

                                                 
11

 Yerkes RM, Dodson JD (1908). "The relation of strength of stimulus to rapidity of habit-formation". Journal of 

Comparative Neurology and Psychology 18: 459ï482. http://psychclassics.yorku.ca/Yerkes/Law/ 

http://psychclassics.yorku.ca/Yerkes/Law/
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 either ñonò or ñoffò, a severe disadvantage in case 
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 199912). 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.199313) or (Holz-
mann 200714). 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. 200315, Goodrich et al. 
200616, Flemisch et. al. 201117).  

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 
and co-systems form an ideal symbiosis, a ñJoint Systemò that drives better and safer than any 
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. 
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 Flemisch, F.O.; Onken, R: The Search for Pilotôs Ideal Complement, Experimental Results with the Crew 

Assistant Military Aircraft CAMA, HCI International, Munich, 1999 
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 M.Hassoun, C.Laugier (Lifia) and D.Ramamonjisoa, N.LeFort (Heudiasyc): "towards Safe driving in traffic 

situation by using an electronic copilot" Proceedings of the IEEE Intelligent Vehicles Symposium, Tokyo Japan, pp 

84-89, July 1993 
14

 Holzmann, Frédéric: Adaptive Cooperation between Driver and Assistant System, Improving Road Safety. 

Springer, Berlin, 2007 
15
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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 integrates the ñclassicalò and more sophisticated ACC-systems. 3) Highly auto-
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 33.318, D33.619).  

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. Driverôs state is mainly influenced 
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).  

Obviously, the degree to which the driver is ñin the loopò, as well as his mental model of the 
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 

                                                 
18

 Flemisch, F.; Schieben, A.(Ed.): Validation of preliminary design of HAVEit systems by simulation (Del. 33.3). 

Public deliverable to the EU-commission;  Brussels; 2010 
19

 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. 
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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 XCC20) and fail-safe, scalable automotive 
ECUs (so-called CSC21) 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 
21

 Chassis and Safety Controller 
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The redundancy management in the XCC platform forms an abstraction-layer between safety22 
and functionality. Safety thereby can be characterized via integrity23 and reliability24. The soft-
ware layers can be visualized as shown in Figure 4. The platform approach is illustrated in 
Figure 5. 
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Figure 4: HAVEit safety architecture software layers  

a) fail-tolerant XCC system (for safety critical actuators) and 

b) fail-silent CSC system
25

 (for joint system implementation, AUTOSAR compatibility) 

 
With respect to safety26, the key tasks of the redundancy management can be split up in 
failure27 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 

                                                 
22

 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). 
23

 Integrity: Attribute of a system or an item indicating that it can be relied upon to work correctly on demand  

                   (ARP 4754). 
24

 Reliability: The probability that an item will perform its intended function for a specified interval under stated  

                       conditions (ARD 50010). 
25

 Failure detection in the CSC system is achieved by hardware redundancy means. 
26

 operational functionalities as control-sequencing of the communication- resp. energy-clusters or the high-level  

    control-functions are not take into account within this chapter. 
27

 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 element such that it can 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, or element to fail to perform in a required  manner; 

for example, a short circuit or a broken wire (ARD50010).  
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quantification of the corresponding required detection and monitoring rates in order to reach the 
reliability per function can be done using a Markov model28. This can also be used to derive the 
degree of operational redundancy based on a given board reliability of a single control 
computer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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: 

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

 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 HAVEit 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.  

 

                                                 
28

 R. Reichel: Flight Control Systems ï Fly-By-Wire, at ï Automatisierungstechnik, Volume: 52, Issue: 12-2004, 

    pp: 588 ï 595, Oldenbourg Wissenschaftsverlag GmbH 



HAVEit  23.09.2011 

Deliverable D61.1 Version 1.0 11 
Final Report 

 

Figure 6: Introduction of the highly automated driving migration path  

 

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

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

 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. 

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

 

"Vertical" application clusters: 

 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. 

 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.g. 
the cluster 5, in case of the first actuator failure, todayôs co-system would stop working. In 
contrast, a vehicle equipped with a fault tolerant HAVEit architecture will use the actuatorôs 
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".  

HAVEit 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.  

 

 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 general systems structure, e.g. of the joint system ñdriver - co-systemò (to give 
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). 

 

 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 HAVEit+ 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. 

 

 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 driverôs mental model of the system (e.g. considering distrac-
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).  

 

 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 HAVEit 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.  



HAVEit  23.09.2011 

Deliverable D61.1 Version 1.0 16 
Final Report 

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 ï 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 HAVEit 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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 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: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 todayôs state of the art sensing technologies toward their limits. 

 

Challenge 5.2: Automated queue 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 CO2 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 driverôs driving style.  

 

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 6th 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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3 HAVEit requirements and specification 

 

3.1 Requirements Engineering 

To fulfill the needs of all challenges relevant for highly automated vehicles, HAVEit defined and 
run through a very structured requirements and specification phase. Due to the size of the 
integrated project HAVEit and its organisation in horizontal and vertical subprojects leading to a 
manifold of links between partners and results to be exchanged, the consortium has agreed on 
a tool based methodology to derive requirements and specifications. The requirements and 
specification phase was split into a sequence of steps illustrated in in Figure 9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Different steps of the requirements and specification phase 

 

a) According to this top-down methodology, at first the HAVEit highly automated functions 
were defined in detail: Joint System Demonstrator (JSD), Brake-by-Wire Truck (BbW), 
Architecture Migration Demonstrator (AMD), Automated Assistance in Roadworks and 
Congestion (ARC), Automated Queue Assistance (AQuA), Temporary Auto-Pilot (TAP) 
and Active Green Driving (AGD). Second, a set of common and application specific use 
cases was derived, which form the basis for the definition of test cases and test 
scenarios for system validation at project end. 

On this basis the partners defined and agreed on a common functional structure for all 
highly automated systems. Functional requirements for all HAVEit applications have 
been structured using the so-called SADT (Structured Analysis and Design Techniques) 
technique that presents the information flow between the different functions and sub-
functions. Interactors are introduced to handle the information exchange between the 
different functions. Figure 10 presents as an example for the SADT view of the HAVEit 
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top-level function: ñBring driver and vehicle from A to B in the traffic flow with different 
levels of automationò. 

Results achieved at function level are described in detail together with all use cases in 
HAVEit deliverable report D11.1 ñFunction description and requirementsò. This public 
deliverable is available for download from the project web www.haveit-eu.org.  

b) Dedicated components needed to realize the functions were defined. According to the 
employed methodology, these are organized in a so-called component tree. A generic 
block diagram has been derived for all the required components. The component tree for 
example includes sensors, HMI elements and actors, but also more intelligent compo-
nents like processing blocks for the driver state assessment (DSA), or the mode 
selection and arbitration unit (MSU) required for switching between different automation 
levels. Resulting from this step, a detailed specification document was generated. A 
public version of this deliverable (D11.2 ñSpecification documentò) is available for 
download from the project web. 

c) An assignment of the processing blocks (components) to physical processing units 
(ECUs) was made. For instance, a generic ECU (CSC29 platform) includes the DSA. 
This physical processing unit including the DSA software is used in the same way for 
several HAVEit demonstrators, e.g. JSD, AMD, ARC, AQuA and TAP. 

d) According to the chosen methodology, the physical processing units were arranged in 
the merely hardware oriented functional block diagram (FBD). Due to the fact that each 
of the seven HAVEit demonstrators realizes different functionalities, there are differen-
ces in the sensor systems and also in the physical processing units. To consider such 
differences, it was decided to start with a generic FDB and to generate the vehicle 
specific FBDs from that. An example is given in Figure 11 which presents the functional 
block diagram of the architecture migration demonstrator The FBDs are described in 
detail in HAVEit deliverable D12.1 ñArchitecture documentò, also here, a public version is 
available. 

e) Function blocks included in the SADT view the exchange of information utilizing so-
called interactors. An interactor includes one ore more parameters, e.g. vehicle speed, 
acceleration, yaw rate etc. The list of interactors used in the HAVEit systems is included 
in D11.1. Within this step, the interactors which include clear specifications for all 
information required or delivered from each function block need to be mapped to links 
between the physical processing units. In the tool methodology used in HAVEit these 
links are called contact functions. In HAVEit we distinguish between internal contact 
functions (this means contacts inside a certain processing unit, e.g. the CSC ECU) and 
external contact functions (these are contacts outside the processsing unit). 

f) In this stage all data to be transferred by means of the so-called external contact 
functions are known from the interactor specification. On basis of the data rate required 
for each external contact function, a mapping of several contact functions to a certain 
bus system (physical link, such as CAN or FlexRay) can be made, thus defining the bus 
system for each demonstrator vehicle.  

Again, the architecture migration demonstrator network topology shown in Figure 12 
serves as an example for this methodological step. Internal contact functions will not 
cause traffic on the bus system, thus can be neglected for the bus load estimation. 
Internal data rates can be very high, thus will not cause any transfer problems. Detailed 
results from these steps are presented in the architecture deliverable D12.1. 

 

                                                 
29

 CSC: chassis and safety controller (fail-silent ECU) 

http://www.haveit-eu.org/


HAVEit  23.09.2011 

   
Deliverable D61.1 Version 1.0 22 
Final Report 

I 50 : Intelligent transport

I 27 : Vehicle

I 1 : Driver

C 2 : Command layer

C 4 : Driver Interface

I 4 : Environment

C 3 : Execution layer

C 1 : Perception layer

F 1.1 : Generate a

perception model

9

F 1.2 : Generate vehicle

command

4

F 1.3 : Execute the

vehicle action

5

I 12 : Perception model

I 11 : Vehicle state

F 1.4 : Integrate the driver

in the automation loop

4

I 11 : Vehicle state

I 7 : Relevant targets and key environment information

I 8 : Priorisation of trajectories 

I 13 : Current and requested automation level

I 30 : Set of trajectories w ith descriptions

I 20 : Vehicle positionning, current executed trajectory and trajectory limits

I 6 : Driver monitoring data (camera only)

I 10 : Driver's primary task command

I 15 : Driver automation level request

I 25 : Motion control vector

I 28 : Measured Data

I 9 : Transition driver feedback

I 37 : Trip information

I 38 : Driver secondary task command

I 37 : Trip information

I 11 : Vehicle state

 

Figure 10: SADT view: Top-level function: ñBring driver and vehicle from A to B in the traffic flow with different levels of automationò 
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Figure 11: HAVEit generic functional block diagram (basis WP4300) 
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g) Finally, the communication protocols (e.g. CAN matrices, FlexRay communication etc. 
can be fixed. Results are presented in HAVEit deliverable D22.1 ñFlexRay and CAN 
communication availableò. 

As public version of requirements, specification and architecture deliverables are available, in 
this document we intend to set the frame just by including a brief functional description of the 
different HAVEit demonstrators. For more detailed information, the reader is kindly referred to 
HAVEit deliverables D11.1, D11.2 and D12.1. Consequently, the next sections provide a 
description of the HAVEit highly automated vehicle applications introduced above by the two 
application clusters. All applications were realized and demonstrated in relevant use cases and 
scenarios during the HAVEit final event on June 21-22, 2011 at Volvo Proving Ground Hällered, 
Sweden.  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 12: Architecture migration demonstrator network topology 

 

3.2 The HAVEit Architecture: 4 Layers 

During the function definition and requirements phases, the global HAVEit structure was defined 
and agreed for all HAVEit demonstrators. It consists of four layers: 

 Perception layer30 

 Command layer 

 Execution layer 

 Integration of the driver in the automation loop (HMI layer) 

According to these layers, the SADT view of the HAVEit systems was structured (see section 
4.2.1 in D11.1). This structure is also reflected in Figure 13 below, which illustrates the highest 
level information flow common to all HAVEit applications. One key issue of research in the 
HAVEit project is the optimum task repartition between driver and co-system. Both parts need to 
understand and supervise each other to arrive at acceptable highly automated vehicle appli-
cations. Components deeply involved in this interaction are combined in the so-called "Joint 
System" framed with a red dashed line in Figure 13. 

                                                 
30

 Note: In HAVEit V2V and V2I is considered as sensor. Thus, ñenvironment sensorsò include V2V and V2I 

communication channels (both IR and RF based) as well as on-board environment sensors (e.g. radars, laser 

scanners, cameras). 
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Figure 13: HAVEit overall blo ck diagram 

 

 Perception layer (C1) 

The intention of the perception layer is to collect information about the external environ-
ment and the vehicle. Different kinds of sensors are used in the HAVEit demonstrators 
for the detection of the environment, e.g. radar sensors (front, rear and side), lidar 
sensors, camera sensors and communication (vehicle to vehicle, vehicle to infrastruc-
ture). Required information concerning the vehicle state is achieved by various vehicle 
sensors, e.g. wheel speed and acceleration sensors, yaw rate sensors as well as further 
signals provided by the ESP, for instance. The information of all environment and vehicle 
sensors is checked for plausibility and merged into the data fusion module.  

 Integration of the driver in the automation loop (C4) 

One key element for the command layer is represented by the perception system. The 
other key element is given by the driver who needs to be integrated in the automation 
loop. His/her commands are collected by different HMI elements (e.g. buttons). The 
information concerning the automation level and the overall system status is presented 
to the driver, e.g. by audible, visual or haptic means. 

 Command layer (C2) 

The HAVEit command layer essentially consists of following parts: 

o Copilot component: First, the driving strategy needs to be defined (e.g. a deci-
sion, whether to slow down behind a preceding vehicle or to overtake, is requi-
red). Second, the most suitable trajectory to continue driving is to be calculated 
(considering vehicle stability issues and information about the environment from 
the perception layer). 

o Driver activities were recorded and assessed in order to derive information about 
the driverôs alertness (indirect driver monitoring). Furthermore, a camera based 
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driver monitoring system was installed that evaluates the driver state in a direct 
way. Both channels, direct and indirect driver monitoring, were merged to attain 
more reliable information about the driver's alertness (e.g. vigilance, distraction) 
and his/her possibilities in the automation loop.  

o Mode selection and arbitration unit, MSU: On the basis of the copilot system on 
the one hand and the driver commands including the results of the driver in the 
loop assessment on the other hand, the mode selection and arbitration unit 
decides about the most suitable automation mode. In case a change of the 
automation level is the consequence, suitable transition strategies (including the 
interaction with the driver) were established. 

o Command generation and validation: Based on the copilot trajectory to be 
followed and the information about the automation level to be used as well as by 
considering direct driver control (e.g. emergency brake), the vehicle command is 
calculated. This command leads to the so-called secure motion vector (longi-
tudinal and lateral vehicle control commands). Final plausibility checks (and com-
parison with the physical limits, e.g. in terms of vehicle stability) are applied 
before the motion vector is transferred to the execution layer. 

 Execution layer (C3) 

The main task of the execution layer is to execute the longitudinal and lateral control 
commands given by the secure motion vector. To realize these commands and with that 
to control the vehicle drive train, the execution layer get access to the engine manage-
ment, brake and steering systems (so-called actuators). 

Concerning safety requirements, it is necessary to notice that in comparison to all layers 
mentioned before, the cycle periods are much shorter (typ. 10 ms). Furthermore, as the 
driver is not able to intervene on this level, the safety requirements are much higher. 
This especially applies to demonstrators that were equipped with by-wire actuators (i.e. 
WP4100 with steer-by-wire and WP4200 with brake-by-wire).  

o In HAVEit, these stronger safety requirements for the execution layer in WP4100 
and WP4200 were considered with the use of so-called XCCs ï control units 
providing a duo duplex architecture, suitable redundancy management as well as 
dual channel FlexRay communication between the safety critical components. 
Overall, this concept results in a fail-operational execution layer. 

o The execution layer in all other demonstrators was realized using fail-silent 
components, i.e. the Continental CSC ï Chassis and Safety Controller. 

 

3.3 Highly automated vehicles for safety architecture validation 

As described before, the HAVEit idea of smart intelligent vehicles does not only rely on the 
development of new functions, the interaction with the environment and with the behavior of the 
human driver but also significantly on the availability of new actuatorsand the appropriate 
architecture For this reason, the entire system consisting on the vehicle itself, the human driver 
and new technical components becomes more complex and unforeseen effects might occur. 
Due to this condition, it is beneficial to make use of rapid prototyping methods and tools in the 
project.  

Therefore, two vehicle platforms are available in HAVEit to prove the capabilities of the 
developed by-wire technologies and the appropriate architecture solutions. The first one is the 
DLR steer-by-wire vehicle FASCar which performs easy integration methods of new technolo-
gies and allows replacing the driver's inputs on gas, brake and steering by software commands. 
The second one is a truck provided by Haldex and Volvo 3P that was equipped with a brake-by-
wire system.  
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With both vehicles the idea of developing and demonstrating the safety architecture compo-
nents was fulfilled in a convincing manner. These components are new sensors and actuators, 
the joint system (driver / co-system) as additional driving authority and of course safe data 
concepts like the FlexRay bus system or the redundant control architectures. In order to show 
the strong migration potential of these technologies a third demonstration vehicle ñarchitecture 
migration demonstratorò was defined, which realizes the HAVEit architecture using state-of-the-
art automotive control units. 

 

3.3.1 Joint system driver / co-system 

The joint system development and validation includes two related aspects: 

 The formulation, discussion and validation of the joint system ontology (common language) 
and principles, that can be commonly understood and applied throughout the HAVEit 
project The joint system ontology and principles include: 

o The automation spectrum with defined levels of automation. 

o The transitions between the levels of automation. 

o The dynamic task reallocation including automation initiated transition based e.g. on 
the driver state. 

o The multimodal driver interface strategy. 

 The design, implementation and validation of a generic joint system demonstrator. It was 
implemented and tested in simulators and in a couple of test vehicles. The joint system is 
built of: 

o A perception layer including the vehicle sensors to the outside environment and to the 
driver.  

o A command layer including an intelligent co-pilot system and a mode selection and 
arbitration unit (MSU). The co-pilot is based on command generation utilizing trajectory 
and maneuver based automation. 

o An execution layer including the controllers for longitudinal and lateral control. This 
layer includes experimental controllers with special regard to the stability in automation 
transitions. 

o A driver interface including the primary driving task interface like steering wheel and 
gas pedal, and specific HAVEit interfaces like automation level switches.  

 

The automation spectrum 

The automation levels that are important for the HAVEit project were mapped on a spectrum of 
automation (Figure 14). The spectrum is on the left border defined by the level ñDriver onlyò, in 
which the driver has full manual control over the vehicle, and on the right border by the level 
ñFully automatedò, in which the automation controls the vehicle completely. The three other 
levels of assistance and automation and their sublevels lie in-between. The spectrum can be 
seen as a mapping of different degrees of driver involvement in the driving task. In the following, 
the automation levels and their sublevels as well as the three additional states ñOffò, ñMinimum 
risk stateò and ñFailureò are described.  
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Figure 14: Automation spectrum with different automation levels, sublevels and additional states 

 

Description of the automation levels 

 Driver only: This is the left border of the spectrum in which the driver has 100% manual 
control over the vehicle (only the classical driver assistant systems like ESP, ABS etc. are 
operational). Driver-Assisted: A level in the automation spectrum between ñDriver onlyò and 
ñSemi-automatedò.  

Feedback: A sublevel in the level ñassistedò. This includes informing feedback from the 
system like acoustic, visual or vibratory lane departure warnings and parking assistance, 
but not yet direct intervention of the automation with the primary driving task.  

Support: A sublevel in the level ñassisted". The provided assistance is the same as the one 
provided by the "Feedback" sublevel. Additionally, the system intervenes directly during the 
primary driving tasks, if the current vehicle situation is considered to be too dangerous by 
the system. Functions are lane keeping support, emergency braking and avoiding of 
objects, for example. 

For reasons of easier understanding and avoidance of mode confucion, automation levels 
Driver only and Assisted were combined to the automation level Driver Assisted. 

 Semi-automated: Automation of about half of the driving task. One example is the Adaptive 
Cruise Control (ACC), where the complete longitudinal control is done by the automation 
(sublevel: ñLongitudinalò). Other examples are some Lane Keeping Systems that can 
almost do the complete lateral control of the vehicle (sublevel: ñLateralò). In HAVEit, the 
longitudinal support was subsummized into  

 Highly-automated: The highest automated level of the HAVEit system where automation for 
longitudinal and lateral vehicle guidance is combined, but where the driver is still involved in 
the driving task by monitoring the system. Automation level Highly Automated is devided 
into two sub-levels: 

o Hands on: During highly automated driving the driver is not allowed to take away his 
hands from the steering wheel (e.g. at higher speeds). 

o Hands off: During automated driving the driver is allowed to take away his hands from 
the steering wheel (e.g. while driving in congestion). 

It becomes clear that the border between Hands on and Hands off is quite complex, consi-
dering e.g. the duration for how long the driver is allowed to take off the hands and the 
reactions of the automation if the driver takes the hands off too long. 

 Additional States 

o Off: the automation is completely switched off (Joint System is by-passed). 



HAVEit  23.09.2011 

   
Deliverable D61.1 Version 1.0 29 
Final Report 

o Minimum risk state: a state of the vehicle that the automation might try to reach in case 
the automation is no longer capable of performing a certain level of automation. There-
fore, the driver needs to take over. In case the driver does not take over in an 
appropriate time span, the automation might try to reach the safe state with the 
minimum risk, e.g. by performing a safe stop of the vehicle. 

o Failure: a state which is reached if the automation works incorrectly or does not work at 
all, e.g. due to a hardware or software failure. It is clear that the occurrence of this state 
has to be minimized. To minimize this technically and scientifically, the automation 
spectrum has to include this state explicitly. 

 

Transitions between automation levels 

The transition of control is defined as the changing of an automation level to another whereby 
the driver or the automation gets more control over the vehicle depending on the automation 
levels. 

 

 

Figure 15: Possible transitions within the automation spectrum 

 

Transitions can be classified by their direction toward a higher automation level and toward 
lower levels of automation. These different types of transitions are included schematically in 
Figure 15. Arrows above the automation spectrum stand for transitions initiated by the driver. 
Arrows below the spectrum are used for transitions initiated by the automation. The directions of 
the arrows indicate if the transition is classified as transition towards automation or transition 
towards the driver. Both aspects can be integrated in a short notation (Table 2): 

 
Short Notation DiĄ A D Ą Ai Di ă A D ă Ai 

Direction of 
transition 

Transition 
towards 

automation 

Transition 
towards the driver 

  

Initiation by driver by automation by driver by automation 

Table 2: Classification and short notation of different transitions 

 

For the transitions between different automation levels, HMI concepts had to be defined. To 
keep an overview over the complex human-automation interaction, we used a UML-based 
diagram to bring out the main interactions in a time line. Figure 16 shows this timeline for one 
specific interaction between the driver and the automation at the beginning of a traffic jam. The 
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grey vertical lines describe who has control over the vehicle. The light grey line stands for longi-
tudinal control, the dark grey line for lateral control. The arrows indicate the interaction and 
communication flow and show which interaction elements are planned (e.g. acoustic warning).  

 

Traffic jam

Icon AQUA available

driver presses HAVE it button

Sound Ăbeep,beepñ & visual message

driver modifes system behaviour via gas 

pedal

Traffic jam has cleared

ĂTake overñ request

driver takes control

Traffic jam, road type: highway, leading vehicle present

 

Figure 16: UML -based diagram for one specific transition of the AQUA system 

 

Application description 

The application Joint System can be regarded as a second driving instance in parallel to the 
human driver. It generates a driving motion vector that will be then converted in demand values 
and sent to the engine, the brake system and the steering actuator in the execution layer of the 
DLR demonstrator.  

 

3.3.2 Brake-by-Wire Truck 

To improve the effectiveness of the braking system and to open new degrees of freedom for 
automation, a new brake design with an appropriate architecture was developed. The key 
targets for this vehicle are: 

 Shorten the braking distance by up to 15% compared to state-of-the art pneumatic 
brakes. New actuators are required to achieve this goal (electronic brake actuators EBA 
for service and parking brake). 

 Because the structure and the system have to fulfill the requirements of the ECE 13 
regulation, the application must be carried out in a way that provides opportunity to 
perform the pre-homologation of the structure and system independently. Clarification of 
questions on pre-homologation of the brake-by-wire system for use on public roads was 
an important topic addressed in HAVEit (together with TÜV Nord, Germany). 
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To demonstrate the BbW system, and the communication between the system components 
(even in case of failure), a Volvo FH12 4.2 truck was equipped. The Haldex EMB system is an 
electrically controlled brake system for trucks, intended for actuation of electromechanical disc 
brakes that control the clamp forces by an electric motor. The system has a redundancy in that 
it has four brake pedal sensors, four sensors on the parking brake handle and there are two 
communication circuits and two power circuits; see the overall architecture in Figure 17. 

The system provides the basic brake system functions such as service braking and parking 
brake, and automatic blending of brake force from retarders. Further, it has functions for preven-
ting wheel lock during service braking or engine braking or excessive wheel spin during 
acceleration. There are also directionally stabilizing functions implemented preventing under- 
and oversteering. 

 

 
 

Figure 17: Brake-by-Wire truck architecture overview 

 

3.3.3 Architecture Migration Demonstrator 

A vehicle automation system as developed within the HAVEit project can contribute a lot to 
higher traffic safety, improved traffic efficiency and less environmental pollution. The more 
HAVEit vehicles are on the road, the more overall benefits will result. The purpose of the Archi-
tecture Migration Demonstrator in HAVEit was to show a possible migration path of HAVEit 
technologies towards mass production. For this purpose the basic idea was to start with an 
architecture common in series vehicles and to realize as much functions as possible using 
embedded automotive electronics and to connect them using standard automotive bus tech-
nology.  

Instead of realizing the HAVEit architecture using prototyping equipment, the goal of this 
demonstrator was to build the HAVEit Joint System with automotive standard electronics, in 
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this case the Chassis and Safety Controller (CSC) from Continental. There were three major 
challenges in the development of the Architecture Migration Demonstrator (AMD): 

1. Bring the mostly PC developed HAVEit applications to run on the embedded CSC plat-
form 

2. Adapt the functionality, bus communication and network structure to cope with the rela-
tively small bandwidth of a CAN bus 

3. Set up the communication network compliant with the AUTOSAR methodology 

In addition, the common HAVEit architecture had to remain largely unchanged. The further 
development of the architecture was a time consuming process, since thousands of signals had 
to be defined, checked and managed. Special software tools were developed to enable at least 
a partly automated processing of the extensive architectural data. 

The base vehicle, a Volkswagen Passat, was equipped with actuators controlled through CAN 
bus interfaces. Longitudinal and lateral controllers were developed to accept the HAVEit Motion 
Control Vector to actually drive the car. Two Continental ADAS sensors - a radar sensor and a 
mono camera - allow the lateral and longitudinal automation within one lane. Accordingly, the 
set of use cases demonstrated with the AMD during the final event was a subset of the Joint 
System Demonstrator use cases described in deliverable D11.1. 

 

3.4 Highly automated vehicles for public roads 

In addition to the previously described vehicles to validate the HAVEit system architecture, four 
different highly automated vehicle applications for demonstration of HAVEit functions on public 
roads were developed. The highly automated driving applications give the driver continuous 
support to improve road traffic safety and fuel efficiency.  

Depending on the situation and the driver load class, different assistance systems are imple-
mented to support and partly substitute the driver or even more to intervene in time when the 
driver is not fully capable to handle the respective traffic situation before the situation becomes 
dangerous. The mental driver load is split into classes; overload situations (e.g. intensive 
situations with increased driver workload like lane changes or roadworks) and underload 
situations (e.g. monotonous driving situations like in congested traffic). 

The vehicles were equipped with numerous sensors to monitor the complete surrounding of the 
vehicle and the driver. Sensor technologies used are laser, radar, electronic horizon, cameras 
and also other state of the art sensors. The environment perception information from the co-
system is also used to further improve the reduction of fuel consumption and CO2 in the active 
green driving application. 

The following sub-sections describe the different assistance systems included in this HAVEit 
application cluster. 

 

3.4.1 Automated assistance in roadworks and congestion 

Functions developed for the ambitious goal of automated driving have to have a high level of 
robustness and must be easy to use for the driver. The goal of the automated assistance in 
roadworks and congestion (ARC) was to expand highly automated driving in roadwork areas on 
highways. Entering the road works and driving for longer distance in the road works area is 
very challenging for the driver. Some drivers even feel fear while driving close to vehicles in the 
adjacent lane. 

The vehicle speed is automatically adapted to the statutory speed limits and the vehicle is kept 
in safe distance to front and side vehicles and stationary objects. In case the system can not 
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handle the situation, e.g. missing or destroyed lane markings the driver is advised to take over 
at least part of the vehicle control again. According to the HAVEit approach, a stepwise transfer 
of the driving task was applied. If the driver does not react properly, the system will decelerate 
the vehicle according to the situation. In case a very critical situation inside the roadwork 
occurs (e.g. a vehicle in the right lane coming too close to the own vehicle) due to the low 
distances to other vehicles and the narrow lanes, the system may have to intervene, e.g. by 
emergency braking. 

An integrated approach of the lateral and longitudinal control is used to adapt the speed and 
the lateral position of the vehicle. The environmental perception is enhanced in robustness, 
which is necessary due to the higher transition times from automated to normal driving mode. 
The driver awareness is included into the control strategy to adapt the automation level to the 
driver. 

Available lateral control algorithms which are based on lane mark detection are very robust 
already. Also longitudinal control algorithms like ACC work very well for moving obstacles or 
those who have moved before. Problems occur, if lane markings, moving and standing obstac-
les interfere with each other. To react properly, detailed information about the vehicles' environ-
ment and the driver awareness has to be gathered and the control strategies have to be 
adapted to the situation. 

In situations out of the system boundaries, the control will be handed to the driver. If the driver 
does not react in time, the system will decelerate autonomously. Main differences to available 
lateral and longitudinal control systems are: 

 System adaptation to driver awareness 

 Several automation levels 

 More Use-Cases are regarded 

 Detection of generic obstacles 

 Detection of speed limits 

 Blind spot detection 

 Integration of longitudinal and lateral control algorithms 

 Integrated warning and intervention concept for longitudinal and lateral automation 

 

3.4.2 Automated queue assistance 

Automated queue assistance supports the driver on motorways by integrated longitudinal and 
lateral control (thus representing a new generation of automated cruise control). In reality this 
means that the system continuously supports the steering, accelerating and braking of the 
vehicle. Increased safety is achieved by combining the task of the driver and this support 
system. The purpose of the automated queue assistance is to relieve the driver of the mono-
tonous tasks associated with driving a truck in low speeds and in congested traffic situations, 
hence driver-underload situations.  

A high level of automation requires a high level of perception around the vehicle. To meet these 
requirements, the vehicle was equipped with numerous sensors using sensor technologies such 
as laser, radar and camera to monitor the complete surroundings of the vehicle and the driver 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 or at a safe distance to other vehicles. In particular, this is possible at low speeds and in 
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dense traffic down to a complete vehicle stop. The system supports the driver also in non-
congested situations and at higher speeds and here the level of automation will be determined 
by the performance of the perception system and user acceptance. The system continuously 
assesses its own ability to handle the situation and to transfer the control back to the driver if 
needed. Special attention is paid to the development of safe transitions between semi-
autonomous control and driver control of the vehicle. Strategies were developed to always keep 
the driver in the loop. 

 

3.4.3 Temporary autopilot 

The Temporary Auto Pilot (TAP) is a passenger car application which supports the driver on 
motorways and motorway similar roads with different levels of automation in longitudinal and 
lateral control of the vehicle at speeds between 0 and 130 km/h. The Temporary Auto Pilot is 
fundamentally intended to support the driver in monotonous traffic situations like traffic jams or 
monotonous long distance driving from A to B where she/he can experience work underload 
which can lead to a lack of focus and increased accident risk.  

In the highest level of automation steering, accelerating and braking is completely managed by 
the Temporary Auto Pilot. This highest level of automation is offered to the driver only if certain 
boundary conditions are fulfilled, e.g. the vehicle is driving on a motorway with less than 130 
km/h. If these boundary conditions are not fulfilled, a lower level of automation will be offered to 
the driver. 

ñLower level of automationò means that the driver can activate other assistance systems like 
Adaptive Cruise Control and/or Heading Control. This concept guarantees the upward compa-
tibility of existing driver assistance systems with the Temporary Auto Pilot. On the other hand 
the concept of a stepwise change on the automation level is a promising approach for a 
transparent system, where the driver is always aware of what he is responsible for.  

For every level of automation the driver is always capable to override the Temporary Auto Pilot. 
The driver is still responsible for her/his car and therefore has to monitor the system. The 
Temporary Auto Pilot is not capable of managing every possible critical situation. Therefore, the 
driver has to be attentive and ready for an intervention. 

To increase the safety and reliability of the system at the highest level of automation special 
measures are taken. These measures are validation of sensor information, driver state monitor-
ing and emergency braking function. 

The validation of sensor information reduces the risk of false information about the environment 
which might lead to false decisions. The driver state monitoring reduces the risk in situations 
where the driver does not comply with his duty to be attentive and to be ready for an inter-
vention. The emergency braking function reduces the risk of situations where an intervention of 
the driver is necessary but the driver does not react appropriately.  

The TAP consists of five major functions: 

o Pilot Function: automated driving on the freeway (automated longitudinal and lateral 
control), while driving hands-off 

o ACC (Adaptive Cruise Control): assistance in longitudinal control only 

o HC (Heading Control): assistance in lateral control only 

o Emergency brake 

o Minimum Risk Maneuver 
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3.4.4 Active green driving 

The active green driving application differs from the other applications in HAVEit because the 
driver always controls the vehicle. Nevertheless, a suitably designed Human-Machine Interface 
(HMI) is used to coach the driver with the aim to reduce the fuel consumption and pollutions. In 
the long-term vision of highly automated driving, fuel reduction strategies will be important 
inputs to the autonomous driving system in hybrid vehicles. 

The intention of the active green driving application is to foresee the vehicle movement over the 
next period of time with the aim to reduce the fuel consumption. In general, it is possible to save 
fuel also in vehicles with conventional powertrains by predicting the future vehicle movement; a 
skilled vehicle driver selects proper gears based on visual traffic information intercepted by the 
eyes. In hybrid vehicles, there is an even larger potential in saving fuel since there is more 
flexibility in the control task of the hybrid powertrain. Besides selecting proper gears, the internal 
combustion engine (ICE) can be switched either on or off. Furthermore, there must be the 
choice of how to construct the partition between the available power sources, namely the ICE 
and the electrical machine. 

The green vehicle application was demonstrated in a Volvo bus consisting of a parallel hybrid. It 
has been demonstrated that this powertrain concept can reduce the fuel consumption con-
siderably. The demonstrator bus in the green vehicle application was equipped with sensors 
covering the area in front of the vehicle to foresee the vehicle movement in the longitudinal 
direction. The Volvo bus in HAVEit also was equipped with several perception sensors to 
foresee the vehicle movement. The preview information from the sensors was used in the 
powertrain controller where decisions such as powersplit between Diesel and electric machine 
and Diesel on/off are determined. With the preview information it is possible to plan ahead and 
to better make the decisions mentioned above. 

There was a great challenge in the green vehicle application on how to use the new perception 
sensor information to improve the fuel consumption. The research performed within the green 
vehicle application pushed the current state-of-the art hybrid powertrain solutions to a further 
level, paving the way for autonomous driving including fuel consumption aspects. 

For evaluation pruposes only, the green driving application can be turned on or off. When it is 
off, the new sensor information will not affect the powertrain controller and the selection of 
gears, the on/off behavior of the ICE and the split between the powertrain power actuators will 
be based on the usual hybrid powertrain sensor information. However, when it is on, the new 
sensors and the prediction capability will affect the control and reduce the fuel consumption in 
different scenarios, as described section 3.2.4.2 of deliverable D11.1. An HMI supports the 
driver with information, which - if carried out - lead to lower fuel consumption and discharge of 
CO2. 
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4 Horizontal Challenges: Safety Architecture Implementation 

In this section, results achieved within the frame of HAVEitôs horizontal challenges in cluster 2 
are described in detail. To summarize: 

 Challenge 2.1: Safety relevant ECUs 

 Challenge 2.2: FlexRay and CAN communication 

 Challenge 2.3: Actuators for by-wire-systems 

 

4.1 Challenge 2.1: Safety relevant ECUs: XCCs and CSCs 

Within the vehicle architectures of HAVEit (see Figure 6) we distinguish 1E/1M architectures 
(means one electronic system and one mechanical system) and 2E architectures (two electronic 
systems; no mechanical system). The first one constitutes the current solution of the automotive 
industry as an answer for the question how to provide computer based vehicle control. 1E/1M 
architectures provide the benefit that the E-system is only an add-on to the particular socially 
accepted M-system which usually enables the driver to control the vehicle even in cases where 
the E-system is lost. Nevertheless, especially for advanced driver assistant systems (ADAS) 
which allow the driver to get out of the loop at a certain level, the malfunction of the E-system 
needs to be safely detected to prevent the vehicle from getting out of control on one side and to 
request the driver via the particular HMI to take over control on the other side. For the HAVEit 
demonstrator vehicles this particular need is satisfied by the fail-safe CSC ECU. 

With growing complexity of the automation level, fail-safe behaviour might not be enough. This 
is the case for specific vehicle systems which compulsory need to remain computer controllable, 
even after a first fault (e.g. to satisfy the requested safety) or vehicles being autonomously 
controlled (fully automated, driverless) or with ñby-wireòactuators without any mechanical fall 
back solution. This is only possible, if each required component is available at least twice 
(including the E-system). Within HAVEit, the XCCs only constitute the hardware fundament for 
provision of an efficient 2E architecture. This needs to be completed by the redundancy mana-
gement software which provides the required ñintelligenceò to manage the redundant units.  

All in all the CSC ECU and the XCC ECU are performing quite similar from the hardware point-
of-view. In general, both ECUs apply redundancy ï mainly a self-checking pair of CPUs ï for 
safely detecting failures. The main difference between them is the strictness with which the 
particular redundancy is applied. The redundancy of the XCC is applied in a stricter manner 
than the redundancy of the CSC. In consequence, the XCC constitutes the safer but more 
expensive solution, while the CSC provides a suitable solution for near future serial production: 
providing necessary safety functionality for functions where the driver can take over in case of 
failure and therefore fail silent is an adequate strategy. So for each single system, which is 
intended to be built within HAVEit an analysis has been performed. 

 
 CSC XCC

Strict appliance of redundancy

Economic pricing

Closeness to serial production

 

Figure 18: Advantages of the control-computers 

 

Strict application of redundancy 
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4.1.1 Chassis and Safety Controller 

 

System overview 

The CSC electronic control unit provides scalable microcontroller performance in order to 
implement different vehicle functions concerning chassis control, driver assistance systems as 
well as safety functions. Communication is provided optionally using FlexRay or/and CAN. 
Additionally, the CSC ECU acts as a scalable integration platform for inertial sensors for vehicle 
dynamics. Figure 19 shows the principal assembly of the CSC electronic control unit. It mainly 
consists of following components. 

 

 

Figure 19: Hardware architecture of the CSC 

 

 The microcontroller MCU with redundant cores and on chip memory executes the 
application software. 

 The system chip MSC2 provides power supply and safety features. 

 Three CAN communication interfaces and the FlexRay interface connect the CSC elec-
tronic control unit with the other systems in the vehicle. 

 The following sensors are part of the hardware, but are not used in the HAVEit project. 

o The sensors for yawrate, rollrate and pitchrate allow for sensing the angular rate on 
all three axes, x- y- and z-axis. 

o The acceleration sensor allows for sensing the acceleration on all three axes, x- y- 
and z-axis. 

They main components together with their placement on the PCB board are illustrated in Figure 
20. The CSC is based on Motorola microcontroller SPACE 2FB30-M. Main features of this ECU 
are 3 MB flash memory, 160 kB RAM. The ECU allows maximum clock frequency of 150MHz 
@Ta = 105°C. 
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Figure 20: Main components of the CSC 

 

The system chip MSC2 B.0 is an application specific integrated circuit that provides several 
features for the function of the electronic control unit. The main purposes are providing power 
supply for the microcontroller and sensors, and monitoring of common cause failures of the 
microcontroller. 

Three CAN communication interfaces are available on the printed circuit board and accessible 
via the interface connector. Initially, the system architecture was specified with two high speed 
CAN interfaces. Discussions about the interactors and first estimations of bus load, however, 
showed that there is a necessity for a third CAN interface. This additional requirement has been 
taken into account during the development of the final version of CSC hardware for the HAVEit 
project. 

The housing consists of an aluminium ground plate which provides mechanical fixation to the 
vehicle body and is also used for thermal power dissipation. The printed circuit board is fixed 
with screws to this metal plate. The cover is made of plastic material and is snapped in to the 
fixations of the ground plate. The cover is not intended to withstand mechanical stress. The 
CSC fulfills protection degree IP4/0, covers an ambient temperature range from -40°C - + 85°C 
(assuming mounting recommendations are adhered) and humidity up to 70% rel.  

The CSC ECU acts as a scalable integration platform for safety improving functions. It provides 
scalable microcontroller performance in order to implement different vehicle functions concer-
ning chassis control, highly automated vehicle applications as well as safety functions. Further-
more, the ECU measures the vehicle dynamics like turn rates and acceleration around all axes. 
CAN or FlexRay interfaces are available for communication with other systems in the vehicle. 
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The electronic design of the CSC follows ASIL D specification in order to fulfil safety require-
ments. 

 

 

 

 

 

 

 

 

 

Figure 21: Housing angular view 

 

AUTOSAR concept and methodology 

AUTOSAR is used as a common software infrastructure to achieve the technical goals 
modularity, scalability, transferability and re-usability of functions. The following diagram (see 
Figure 22) shows a reduced overview of the AUTOSAR approach:  

 AUTOSAR SW-C 

The AUTOSAR Software Components (AUTOSAR SW-C) encapsulate an application 
which runs on the AUTOSAR infrastructure. The AUTOSAR Software Components have 
well-defined interfaces, which are described and standardized within AUTOSAR. 

 SW-C Description  

For the interfaces as well as other aspects needed for the integration of the AUTOSAR 
Software Components, AUTOSAR provides a standard description format, i.e. the 
Software Component Description (SW-C Description).  

 Virtual Functional Bus (VFB)  

The VFB is the sum of all communication mechanisms (plus some interfaces to the basic 
software) provided by AUTOSAR on an abstract, i.e. technology independent, level. 
When the connections between AUTOSAR Software Components for a concrete system 
are defined, the VFB will allow a virtual integration of them in a quite early development 
phase.  

 System Constraint and ECU Descriptions  

In order to integrate AUTOSAR Software Components into a network of ECUs, 
AUTOSAR provides description formats for the complete system as well as for the 
resources and configuration of the single ECUs. These descriptions are kept inde-
pendent of the Software Component Descriptions.  

 Mapping on ECUs  

AUTOSAR defines the methodology and tool support needed to bring the information of 
the various description elements together in order to build a concrete system of ECUs. 
This includes especially the configuration and generation of the Runtime Environment 
and the Basic Software on each ECU.  
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 Runtime Environment (RTE)  

From the viewpoint of the AUTOSAR Software Component, the RTE implements the 
VFB functionality on a specific ECU. The RTE can however delegate this task to the 
Basic Software as far as possible.  

 Basic Software: The Basic Software provides the infrastructural functionality on an ECU. 

 

 

Figure 22: Basic AUTOSAR approach 

 

AUTOSAR requires a common technical approach for some steps of system development. This 
approach is called the ñAUTOSAR Methodologyò. AUTOSAR describes the methodology using 
the Software Process Engineering meta-model, or SPEM for short. In the context of the 
AUTOSAR methodology only a very small subset of SPEM is actually used. The following 
subsections describe the appropriate graphical notation.  

Work Product  

A work product is a piece of information or physical entity produced by or used by 
an activity. Several specific kinds of Work Products are defined for the AUTOSAR 
methodology, e.g. XML-Document, c-Document (for source files in the language 
C), obj-Document (for object files), or h-Document (for header files).  

 

Activity  

An activity describes a piece of work performed by one or a group of persons. 
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Guidance  

Guidance elements are associated with activities and represent additional infor-
mation or tools that are to be used to perform the activity.  

 

 

AUTOSAR layer model 

In AUTOSAR the ECU software is abstracted and sub-classified as basic software (BSW) layer, 
runtime environment (RTE) and application layer (see Figure 23). 

 

 

Figure 23: AUTOSAR layered software architecture 

 

The Microcontroller Abstraction Layer (MCAL) is the lowest software layer of the Basic Soft-
ware. It contains internal drivers, which are software modules with direct access to the ɛC 
internal peripherals and memory mapped ɛC external devices. 

The ECU Abstraction Layer interfaces the drivers of the Microcontroller Abstraction Layer. It 
also contains drivers for external devices. It offers an API for access to peripherals and devices 
regardless of their location (ɛC internal/external) and their connection to the ɛC (port pins, type 
of interface). 

The Services Layer is the highest layer of the Basic Software which also applies for its rele-
vance for the application software: while access to I/O signals is covered by the ECU 
Abstraction Layer, the Services Layer offers 

 Operating system functionality 

 Vehicle network communication and management services 

 Memory services (NVRAM management) 

 Diagnostic Services (including UDS communication, error memory and fault treatment) 

 ECU state management 

The RTE is a layer providing communication services to the application software (AUTOSAR 
Software Components and/or AUTOSAR Sensor/Actuator components). The software archi-
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tecture style changes from ñlayeredñ to ñcomponent styleñ above the RTE. The AUTOSAR 
Software Components communicate with other components (inter and/or intra ECU) and/or 
services via the RTE. 

 

Model based development 

A couple of steps are required in terms of the AUTOSAR methodology to start the development 
of an application software component and to integrate it later into the system.  

The goal for the workflow summarized below is a model based application development on an 
embedded ECU. The following picture (see Figure 24) shows the steps from a software 
component design to an executable which can be flashed to the ECU.  

 

Author: Torsten Schmidt

Filename: CSC_Model-Based-Development-Workflow_V1.0.vsd
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Figure 24: Development workflow 

 

 Workflow step 1: SW-C design 

In AUTOSAR the complexity of the application software is encapsulated in Software 
Components (SW-C). Accordingly, the first activity is the software component design 
with CESSAR-CT. An AtomicSoftwareComponent (SW-C) must be defined with all 
interfaces, ports and data types for an application software. For the model based 
development the SW-C description must be exported. For this exchange AUTOSAR has 
defined a meta-model based data exchange format. This data exchange format is 
commonly accepted in the automotive industry. 

 Workflow step 2: model based development 

The model based development starts with an import of the software component 
description into Matlab/Simulink. The comprehensive AUTOSAR XML format is used for 
exchanging work products between CESSAR-CT and Matlab/Simulink. Now the 
development of the software component internals can be done within the Simulink 
model. At the end the ARXML description of the software component must be exported 
and the C code for the model must be generated (for example with the Embedded 
Coder). 

 Workflow step 3: ECU integration 

In this step the ARXML description of the software component must be imported to 
CESSAR-CT and the system (VFB) integration must be done. For the import the 
AUTOSAR model files (*.arxml) must be copied to the CESSAR-CT project and re-
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named to *.ecuextract. Afterwards a refresh of the CESSAR-CT navigator is necessary. 
Now the different SW-Codes have to be connected with each other. Also the commu-
nication mapping must be done. All runnables within the ECU integration must be 
mapped to the OS tasks. For the mapping of the runnables or for the communication it 
could be necessary to update the OS or COM configuration. 

 Workflow step 4: RTE generation 

This activity generates the run time environment (RTE) of an ECU. Before the RTE is 
generated, a validation with RTE validator is strongly recommended. 

 Workflow step 5: embedded build 

The last step is the embedded build. Within this step the new SW-C and the generated 
RTE must be added to the embedded build environment. This step involves compiling 
the code and linking everything together into an executable. At the very end the output of 
the embedded build has to be flashed with the download tool to the ECU. 

In HAVEit AUTOSAR methodology has been used to implement the Joint System to several 
CSCs provided by Continental. The driver state assessment was developed, realised and tested 
by WIVW, before complete units were delivered to the partners. The other components of the 
Joint System were implemented and tested by Continental, IFSTTAR and DLR. The Architec-
ture Migration Demonstrator features the whole Joint System implemented on CSCs using 
AUTOSAR. 

 

4.1.2 XCC 

 

System overview 

The XCC is a fully redundant ECU (see Figure 25). It is built of two similar lanes, each 
constituting an independent computer by its own. The two lanes of an XCC are mainly applied 
to realise redundancy. Each operation is performed twice in an XCC: first in lane A and in 
parallel in lane B. The results of the cross-checking of the operation results are used to detect 
failures. Having detected a failure, USTUTTôs redundancy management will initiate reaction to 
this failure accordingly, which might be for example the passivation of the faulty component and 
the reallocation of its functionality within the processors. 

Figure 25 shows the principle assembly of the XCC. The XCC is realised by two independent 
circuit boards, the so-called »CPU-board« and the »IO-board«. Beside the reduction of the XCC 
dimensions this design allows a systematic building set for future developments since for 
example the IO-board can be easily adapted to upcoming needs concerning communication 
interfaces without a redesign of the overall XCC. Figure 26 shows the XCC boards including 
their major components. 

The particular components being applied for the depicted assembly are the CPU (MPC 5567 
running at 132MHz with internal FlexRay communication controller), FR CC (Motorola MFR 
4310), 32 kB EEPROM and 2 MB SRAM. 

Thie figure below indicates the sandwich construction of the XCCs. Housingôs dimensions are 
178 mm x 195 mm x 40 mm (length x depth x height). Since the housing does not provide 
protection against water or dust, the XCCs need to be installed inside the passenger compart-
ment at a position with lowest possible vibration load. 
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Figure 25: Full -redundant XCC 
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Figure 26: XCC assembly 
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Figure 27: XCC ï sandwich configuration (IO-board and CPU board) 

 

Software architecture and configuration process 

To establish the 2E architecture into the vehicle market it must obtain at least the same safety 
standards as the conventional mechanical vehicles. This leads to the consequence, that single 
electronic components are mostly not sufficient for adequate replacement of the according 
mechanical components. Therefore, redundancy needs to be applied. By introducing redun-
dancy, new challenging tasks appear by the need of providing consistency and by managing the 
interaction between the redundancy components. 

Within the SPARC project a working 2E platform concept was already shown. The implemen-
tation of the SPARC software was almost completely done by hand. To overcome this enor-
mous task, a lot of effort had to be made to provide not only the required functionality but also to 
avoid errors as best as possible. A lot of time had been spent to find errors and rectify them. 
Therefore, already within the SPARC project, first approaches of introducing configurability were 
made, to simplify and accelerate the development of dedicated software modules and ï in 
addition ï to increase its quality. The basic idea was the provision of generic software modules, 
which needed to be verified only once. These software modules could be configured by a 
predefined set of parameters to fulfil the particular functionality. 

Within HAVEit this approach was driven much further. Not only the number of configurable 
software modules was increased but also a process / tool-chain was developed to systemati-
cally collect and manage the required configuration parameters. The procedure for HAVEit is 
shown in Figure 28.  
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Figure 28: HAVEit development process for 2E systems 
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By analysis of the software modules being used in SPARC, functionality and configuration 
parameters for the modules was identified. In addition, effort was made to identify configuration 
parameters for the USTUTT test-bench software. After that a generic process was defined to 
manage the systematic collection and usage of these parameters (STEP 1). Subsequently, the 
mentioned process was implemented by the development of a tool-chain (STEP 2). Finally, the 
platform software for the vehicles ñJoint System Demonstrator, JSDò (WP4100) and ñBrake-by-
Wire Truck, BbWò (WP4200) was created by applying the tool-chain (STEP 3). 

 

Software Concept 

 

a) Generic Platform 

The ñintelligentò centre of the generic platform (see Figure 29) is the so called central plat-
form core (CPC). Within the CPC the applications (e.g. control laws) are executed and in 
parallel the redundant components as well as the overall platform behaviour is managed. 
This CPC is scalable depending on the need for computing power and the request for a 
specific safety level the whole platform should reach. For the HAVEit project the CPC is 
assembled out of two XCCs. These XCCs are connected to two asynchronous FlexRay 
buses, respectively. Each XCC will be synchronised with only one of the FlexRay buses - 
so called FlexRay (Own).  
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Figure 29: USTUTTôs generic platform 

 

In addition to the CPC the generic platform contains aggregates (AGGs) like sensors, 
actuators, interfaces, providing the inputs, actuation and outputs required for implemen-
tation of the particular system functionalities. Aggregates are connected to only one of the 
FlexRay buses. Based on the FlexRay bus an aggregate is connected to, or an XCC is 
synchronously running, respectively, the whole platform can be separated into two sides: 
side red (associated with the FlexRay bus »Red«) and side blue (associated with the Flex-
Ray bus »Blue«). 
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b) Software Layers 

The software being executed within the XCCs can be illustrated by the different layers as 
shown below (see Figure 30). The applications (Appli) representing the control laws consti-
tute the topmost layer. Every application is complemented by a related application manage-
ment (AppMa), which covers the application and system specific management issues. The 
latter takes influence to the control of the application cycle as well as the administration of 
related aggregates. So, an individual adaptation to the actual platform conditions is ensu-
red. Each application, together with its related application management is capsulated in an 
individual partition, separated from all other applications (incl. related AppMa) and the 
redundancy management. Altogether, the collection of applications and application mana-
gements represents the system functionality. 
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Figure 30: Overview of the software-layers of the redundancy management 

 

The platform management (PlaMa) constitutes the next layer within the XCC software 
concept. Based on information about the platform and the ability of the XCCs to perform the 
system functions, the PlaMa determines the overall platform operation mode and the re-
configuration of the ñMasterò-XCC. Therefore, it is attended by the failure management and 
consolidation. 

The software layers mentioned above are separated from the integrity and communication 
providing layers by a database. This database embodies a shared memory concept. While 
the integrity- and communication layer takes care of a consistent and trustable database, 
the PlaMa and Application layers access this integer data as the basis for their execution. 
Thus, the database on the one hand represents the detachment of the ñsimplex worldò from 
the ñredundant worldò. On the other hand it provides an important step towards the separa-
tion of functionality and safety.  

Within the integrity and communication layer, the generation of the consistent and reliable 
database is realized. For this purpose, the integrity and communication layer covers moni-
toring, voting and communication. The OS-layer provides very basic software functionality 
of the XCC (operating system) as well as the access to the XCC hardware components 
(driver / driver handler). Further, the OS-layer provides the partition management which 
prevents time and memory violation of the mentioned partitions. 
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c) Management of the Software Layers 

Within the HAVEit project, applications (control laws ...) are delivered by the project part-
ners. Therefore, configurability of the applications doesnôt make sense and is not pursued. 
Similar statement holds for the according application management (AppMa). Although 
these software modules are created by USTUTT, the content is application specific. Altoge-
ther, the function dependent layer is excluded from the configuration process. Nevertheless, 
the AppMa constitutes the interface between the individual ñapplication worldò and the 
generic ñplatform worldò. In consequence, it needs to be ensured, that the AppMa provides 
at least the minimum compatibility with the generic interfaces of the lower layers. 

The tasks of the PlaMa - as well as the integrity- and communication layer can be split into 
the following software modules (see Figure 31): Platform management (PlaMa), Failure 
management (FailMa), Consolidation module (CoMo), Module input / output (MIO) and 
Message-Router (MsgRouter). 
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Figure 31: Detailed software-layers of the redundancy management 

 

The voting and monitoring mechanism within the integrity- and communication layer is loca-
lized within the MIO. Especially for the FlexRay communication, MIO is used to be 
separated into a low-level MIO (MIO-LL) and a high-level MIO (MIO-HL). MIO-LL examines 
the redundant incoming FlexRay messages in whole to provide one single, trustable 
message for further processing. In addition, MIO-LL delivers failure requests concerning the 
FlexRay messages and the FlexRay buses themselves.  

The message router unpacks the dedicated signals out of the voted incoming FlexRay 
message and checks, whether the signals are within their specific binary range or not. The 
other way round the message router packs an amount of signals into a particular FlexRay 
message which is intended to be sent. Again, this software module also delivers failure 
request in case of detected problems. 

After unpacking the single signals by the message router, MIO-HL creates one single, trust-
able signal value including information about the signalsô availability out of the amount of 
redundant signals. In addition, failure requests are created in case of detected problems. 

Such MIO-LL and MIO-HL together provide the integrity of the incoming data. Therefore, it 
is indispensable for the MIO to have detailed information about the platform architecture, 
the particular redundancies and the signal types. Additionally, information about the integri-
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ty of the connected modules and the type of incoming message frames are required to 
configure the MIO respectively. 

The failure management collects and interprets the different failure requests raised by the 
particular software modules. Its output is a clearly reduced collection of failure classes. 
These failure classes are consolidated between the two lanes of each XCC and timely 
confirmed within the consolidation module. Outcome is a collection of trustable, inter-XCC-
consistent failure classes. 

The platform management reconfigures the whole platform as well as the behaviour of the 
own XCC based on the consolidated failure classes and the outcome of the AppMas.  

 

d) Configuration Process Concept 

To simplify the configuration of the above mentioned software modules and to enhance the 
quality of the software development for platforms, a generic configuration process was 
developed and implemented as meta-tool framework. The basis for any software develop-
ment is the development of a platform concept (architecture), providing not only the 
expected functionality, but also the required safety. Based on this platform design, the 
configuration process tool-chain was applied to implement the according redundancy 
management software. 

To develop a generic configuration process it is necessary to generate a special automa-
tism for the software configuration. Therefore, a standardized framework is necessary to 
provide a high amount of reusable software parts in case of changed platform architecture. 
For the different software modules described above there are different developing tools 
which fulfil the special needs of each software module in the best way. 

The platform architecture and the configuration process employed are described in detail in the 
HAVEit deliverables D21.1 ñCSC and XCC hardware development completeò and D21.2 
ñSoftware and configuration process concept availableò, respectively.  

 

4.2 Challenge 2.2: Communication: FlexRay, CAN, V2V, V2I 

 

4.2.1 FlexRay communication 

This section provides a short overview of the principles of FlexRay communication. Within 
HAVEit, FlexRay was applied in the vehicles of WP4100 and WP4200 for the safety relevant 
steer-by-wire and brake-by-wire functionalities. 

FlexRay is a time deterministic communication bus system with a predefined cycle time. Within 
the bus system, for each node a specific time slot is defined during the design process, in which 
the node gets exclusive write access to the bus. These time slots recur cyclical. By this means, 
the point in time in which a specific message shall be transmitted via the bus can be predicted 
exactly. Otherwise, therewith the faulty absence of a message can be surely detected. By 
defining specific time slots for each node, the potential bandwidth of the FlexRay isnôt neces-
sarily fully occupied. Therefore, FlexRay divides its cycle into a static segment (fixed time slots) 
and a dynamic segment (dynamic time slots), see Figure 32. For the safety relevant functiona-
lities of WP4100 and WP4200 we focus on a safe and deterministic communication. Thus, the 
dynamic segments were not utilised in HAVEit. 

 



HAVEit  23.09.2011 

   
Deliverable D61.1 Version 1.0 50 
Final Report 

 static  dynamic symbol NIT  static  dynamic symbol NIT

 cycle i  cycle i+1

S
lo

t 
1

...

S
lo

t 
2

S
lo

t 
3

S
lo

t 
4

S
lo

t 
n Dynamic 

enlarged 

Minislot 4M
in

i 1

M
in

i 2

M
in

i 3

M
in

i 5

M
in

i 6

M
in

i 7

...

M
in

i k

H
ea

de
r

tr
a

ile
r

payload

C
ID

H
ea

de
r

tr
a

yl
e

r

payload

D
T

S

C
ID

 

Figure 32: Segments of a FlexRay cycle 

 

The use of time slots for the bus communication presupposes that all attached nodes operate 
with the same (global) time bases, i.e. synchronous. In order to maintain the basic principle of 
safe communication, the synchronisation takes place locally in a fault-tolerant manner. Each 
node adapts its local clock using cyclic time messages, provided via the static segment of a 
FlexRay cycle. In general, FlexRay communicates via two physically separated channels 
(channel (a) and channel (b)). In principle, these channels may be used for the simultaneous 
transmission of two different messages. However, in HAVEit they are used for redundant 
transmission of identical messages to increase the availability of the communication. 

In general, the frames described above are not only sent once in a cycle. Since the FlexRay 
buses as well as the XCCs are built up redundantly, certain frames are sent by different lanes, 
via different buses and channels. To enhance readability of the lower defined frames, the 
principles for redundant communications are examined separately within this section. For more 
information on the XCCs, please see the HAVEit deliverables D11.2, chapter 5.2.3, and D12.1, 
chapter 5.2. 

 

Communication principles 

 

XCCs Ą Aggregate 

The FlexRay bus is built by two FlexRay channels. Each aggregate receives its data from each 
lane of each XCC via both channels of the particular FlexRay bus, the aggregate is connected 
to. Therewith, each aggregate receives the following eight FlexRay frames: 

 XCC1 / Lane(A) Ą Channel a Ą Aggregate 

 XCC1 / Lane(A) Ą Channel b Ą Aggregate 

 XCC1 / Lane(B) Ą Channel a Ą Aggregate 

 XCC1 / Lane(B) Ą Channel b Ą Aggregate 

 XCC2 / Lane(A) Ą Channel a Ą Aggregate 

 XCC2 / Lane(A) Ą Channel b Ą Aggregate 

 XCC2 / Lane(B) Ą Channel a Ą Aggregate 

 XCC2 / Lane(B) Ą Channel b Ą Aggregate 

The redundant information is used to enhance the availability of the aggregateôs functionality. 
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Figure 33: Frames: XCCs Ą Aggregate 

 

Aggregate Ą XCCs 

Each aggregate sends its data to the XCCs via both channels of the attached FlexRay bus. In 
case of simplex aggregates, this leads in total to the following two frames: 

 Aggregate Ą Channel a Ą XCCs 

 Aggregate Ą Channel b Ą XCCs 

XCC 1 XCC 2

Agg.

FR(Ch(a))

FR(Ch(b))

1 2

 

Figure 34: Frames: Simplex-Aggregate Ą XCCs 

 

In case of duplex-aggregates, each aggregate sends the following four frames: 

 Aggregate / Lane(A) Ą Channel a Ą XCCs 

 Aggregate / Lane(A) Ą Channel b Ą XCCs 

 Aggregate / Lane(B) Ą Channel a Ą XCCs 

 Aggregate / Lane(B) Ą Channel b Ą XCCs 
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Figure 35: Frames: Duplex-Aggregate Ą XCCs 

 

XCC Ą XCCs 

Since XCCs are connected with both FlexRay buses, they transpose their data via both 
channels of both buses (see illustration in Figure 36). Regarding the duplex configuration of 
each XCC, this leads to eight FlexRay frames: 

 XCC1 / Lane (A) Ą FlexRay(Red, Channel a) Ą XCC2 

 XCC1 / Lane (A) Ą FlexRay(Red, Channel b) Ą XCC2 

 XCC1 / Lane (A) Ą FlexRay(Blue, Channel a) Ą XCC2 

 XCC1 / Lane (A) Ą FlexRay(Blue, Channel b) Ą XCC2 

 XCC1 / Lane (B) Ą FlexRay(Red, Channel a) Ą XCC2 

 XCC1 / Lane (B) Ą FlexRay(Red, Channel b) Ą XCC2 

 XCC1 / Lane (B) Ą FlexRay(Blue, Channel a) Ą XCC2 

 XCC1 / Lane (B) Ą FlexRay(Blue, Channel b) Ą XCC2 
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Figure 36: Frames: XCC Ą XCC 
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4.2.2 CAN communication 

In order to motivate CAN communication issues and the required CAN-FlexRay gateway, again 
the by-wire actuators in HAVEit (steer-by-wire for the Joint System Demonstrator, WP4100, and 
brake-by-wire for the BbW Truck, WP4200) are used as an example. Figure 37 presents the 
communication architecture of the steer-by-wire system. The communication architecture of the 
WP4100 demonstration vehicle is based on FlexRay; however, since some components are not 
available with native FlexRay interfaces, connections to these units are realized using CAN. In 
order to achieve a more deterministic behaviour, the CAN buses are implemented as private 
point-to-point connections numbered CAN1 to CAN5 in Figure 37. 
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Figure 37: Communication architecture of WP4100 steer-by-wire system 

 

4.2.3 V2V Communication 

In HAVEit, vehicle-to-vehicle (V2V) communication was to be applied to the demonstrators of 
WP5200 (Automated Queue Assistance, AQuA) and WP5400 (Active Green Driving, AGD). The 
V2V communication module of a HAVEit demonstrator communicates with one dedicated 
communication module of another demonstrator vehicle.  

 

CAN-Bus CAN-BusCAN-Bus CAN-Bus

 

Figure 38: V2V communication 
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The V2V system consists of two hardware components: a front and rear transceiver. These 
stand-alone units include the optics, processing and CAN hardware all in one package. There-
fore, only power and CAN lines must be routed to these units. This simplifies the installation on 
the vehicle. When selecting mounting locations, it is important to consider several factors, e.g. 
approximate optical alignment with any vehicles it will communicate with, remaining relatively 
free from dirt and water spray and not be exposed to mechanical damage. The selected 
mounting positions of the V2V units for WP5200 (AQuA truck) and WP5400 (Active Green 
Driving bus) are shown below. During mounting of V2V units, it is important to ensure approxi-
mate optical alignment of the sensors. 

 

Vehicle integration 

Integration of the V2V units on the AQuA truck is shown in Figure 39.  

 

 

Figure 39: Integration of the V2V units on the AQuA truck. 

 

 

Figure 40: Mounting locations for the V2V units on the WP5400 bus. 

 
























































































































































































































































































































































































































































































































































































