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Abstract. For quite a while the automotive industry has been working on assis-
tance systems to improve safety and comfort of today’s vehicles. In the course 
of this development combined with increasingly capable sensors, assistance 
systems have become more and more powerful. This whole development en-
larges the role of the human, beginning from the actual driver of the car up to a 
supervisor of the automation state. On the one hand this leads to a relief in the 
drivers workload. On the other hand effects like out-of-the-loop and associated 
with that a loss of situation awareness can appear. Trying to solve this clash of 
objectives, the project “H-Mode” follows an idea of vehicle driving where the 
automation is capable of driving almost autonomous, but the driver is still kept 
active and in the loop by cooperating with the automation-system. The article 
describes the idea of cooperative driving and especially the H-Metaphor. Fur-
thermore an example is given how this concept is used in the development of 
assistance and automation systems.  

Keywords: highly automated driving, driver assistance, shared control, haptic 
feedba0063k, cooperative control, side stick. 

1   Introduction  

Functional progress in the area of advanced driver assistance and active safety sys-
tems (ADAS) enables higher degrees of automation in future cars. A comparable 
development has been seen in aviation and maritime scenarios. Meanwhile ADAS 
like adaptive cruise control, lane keeping assistant systems and collision avoidance 
are widespread and assist the driver partially and in given situations. But for a long 
time being – like in aviation – the human operator, i.e. the driver, will have to be kept 
in the loop due to the Vienna Convention. On the other hand the technical potentials 
for safety and comfort shall be gained. Therefore it is an aim to investigate ergonomic 
human machine interfaces that avoid typical automation effects but also increase the 
comfort for the user of a highly automated vehicle. 

One aspect is to ensure that the interaction concept fulfills the criterion to be com-
patible with the driver’s expectations and with the environment in which the driving 
task has to be fulfilled in cooperation with a very powerful cognitive enabled ma-
chine. Moreover it is necessary that as much information as possible is transferred 
between the person and the machine considering actual and future status of the driv-
ing task and future intentions on further driving maneuvers.  
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g. 3. Position reflective control element 
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3   Degrees of Automa

One important component o
change between different le
mation covering the whole 

Fig. 5. Involvement in system 
[9]. 

Therefore the interaction
degrees of automation. Wi
more and more influence o
authority to the automation
direct control of the vehicle
zation this corresponds with
– at the summation point (F

In the original domain, t
reins are used. If the rider w
tens the reins and thereby 
“Tight-Rein-Mode” corresp
control, respectively a trans
“Loose-Rein-Mode” equals

Based on this interaction
which the grip force is used 
involved in the driving task 
measure the actual grip forc
the driver increases the grip
own authority in the drivin
latitude, he reduces the app
mation. This relation can be
tial to be scaled on a contin
grip-force-measurement wit

4   Grip Force as Indi

This experiment investigate
to differentiate between dif
for the level of automation
formed with a position refle
speed feedback in longitudi

ation 

of the H-metaphor is the possibility of the user to be abl
evels of automation from high automation to low/no au
range of different levels of automation (Fig. 5).  

control as a spectrum between fully manual and fully automa

n concept has to provide a possibility to switch between 
ith an increasing degree of automation the system ga
n the driving task, thus meaning that the driver hands o

n. Subsequently, the driver gets more authority and a m
e with a decreasing degree of automation. In terms of re
h a variable weighting of the input – driver and automat

Fig. 2).  
this allocation of authority is dependent on how the ho
wants to have more impact on the horse’s actions, he ti
vastly takes over control. In terms of vehicle driving 

ponds with a low level of automation. For a more indir
sfer of authority to the horse the rider eases the reins. T
s a high level of automation.  
n paradigm a prototypical system has been implemented
as an indicator for how much the driver wants to be activ
[10]. Therefore the stick is equipped with a sensor system

ce of the driver. Corresponding to the tight reins of the ri
p force applied to the control element and thereby raises
ng task. If the driver wants to grant the automation hig
lied grip force and therefore transfers authority to the au

e realized not only for two states but it could have the pot
nuum. The following chapter shows an usability-study ab
th three changeable degrees of automation.    

icator for Driver Involvement 

es whether grip force can be used as a nonverbal parame
fferent levels of driver involvement and serve as a swi

n. Based on the preliminary results, this experiment is p
ective side stick with steering angle feedback in lateral 
inal direction. 

e to 
uto-

 

ated 

the 
ains 
over 

more 
eali-
tion 

orse 
igh-
this 
rect 

This 

d in 
vely 
m to 
ider 
 his 

gher 
uto-
ten-
bout 

eter 
itch 
per-
and 



 The H-Metaphor as an Example for Cooperative Vehicle Driving 381 

 

Fig. 6. Usability laboratory at the department of Ergonomics 

4.1   Method 

Experimental Setting: The experiment takes place in the H-Mode usability laborato-
ry at the Institute for Ergonomics, Technische Universität München (Fig. 6). The 
laboratory consists of a highly variable mockup with a single projection screen. The 
driving simulation software SILAB TM directly receives all commands from the 
control elements, provides the vehicle and driving dynamics simulation and generates 
the information for haptic feedback at the stick. Data sampling and logging facilities 
are also provided by the SILAB software. 

Two different concepts for the change of automation degree are compared. They 
differ in the method to initiate the transition of the automation degree. Whereas in the 
first version the shift between tight rein and loose rein can be accomplished by press-
ing the associated button. The second prototype measures the operator’s grip force 
applied to the control element and changes the degree of automation accordingly. In 
order to measure the grip force the conventional side stick grip is substituted for a 
rudimentary grip with force-sensing resistors (Fig. 7, left).  

   

Fig. 7. Side stick grip with  FSR sensors (left). Touch screen dashboard with buttons for com-
pletely manual, semi automated and highly automated. (right). 
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5   Conclusion 

In the long run completely autonomous cars are not very likely to be on the market 
due to technical restrictions (e.g. sensor range) as well as the Vienna Convention 
which says that the driver must be kept in the loop. Nevertheless the increasing  
number and quality of driver assistance systems enables the feasibility of a highly 
cooperative vehicle.  One potential implementation of this idea follows the H-Mode 
interaction paradigm as a parallel-simultaneous interaction concept. Taking this paral-
lel interaction as a basis, the question arises, whether conventional control elements 
are conducive and if there might be any considerable alternatives, especially regard-
ing the human-automation-communication.  

The experiment shows how design metaphors can be used to generate and develop 
new and unconventional interaction ideas. Its focus is a usability test to assess the idea 
whether grip force can be used as a parameter to differentiate between different levels 
of driver involvement and therefore serve as a switch for the level of automation. This 
method is compared to a touch screen with three buttons providing an interface for 
initiating transitions in the automation spectrum. The comparison shows positive 
results throughout all attributes. Therefore the initial idea seems to have potential and 
will be further pursued. However many questions remain especially how does the grip 
force work in situations of surprise, stress or shock. The apprehension arises that in 
such situations humans show a tendency to hold onto the control elements and thereby 
increase their grip force. If this were the case, the relation “high grip force – low as-
sistance” would be extreme counterproductive, as the driver would especially need 
more assistance in these situations. Nevertheless should be further investigated if the 
potential of grip force measurement can be used as a nonverbal additional information 
in combination with other channels (multimodal fusion).  

More experiments regarding different control elements besides the side stick and 
the steering wheel will also be conducted. Conventional elements of driving cannot be 
substituted overnight by side sticks. Thus other possibilities have to be explored. 
Alternatives suitable for migration might already exist in other domains but have to be 
found. 
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