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Abstract

Human drivers do not always drive optimally in the light
of energy consumption. In contrast, automated driving
allows to implement optimal eco-driving. However, to
take full advantage of this, automated driving has to be
used as much as possible. We suggest to implement
persuasive technologies to avoid that drivers deactivate
automated driving. Moreover, driver-vehicle cooperation
can be implemented to broaden the operational limits in
which automated driving is feasible.
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Introduction

Automated vehicles promise to free time of their users for
non-driving related tasks [16], make traffic safer, more effi-
cient and reduce congestion. Besides these advantages,
automated vehicles have the potential to reduce energy
consumption and emissions. Consequently, we suggest
that automated vehicles should operate in automated
mode whenever possible. However, until there are real



driverless cars (operational under any circumstance [5])
available, there will be situations in which the human
users will control or at least influence the driving task.

To reduce potential waste of energy caused by the user,
we suggest to persuade the user not to intervene and
take over control when unnecessary and to implement
cooperative interaction concepts that let the user affect
the actions of the vehicle but on a higher abstraction level
of the driving task.

Driver Caused Energy Waste

While there are many technological approaches towards
saving energy in driving [11] and emission policy directly
impacts the design of vehicles [14], improving one’s own
driving style to be more efficient showed a decrease of
fuel usage between 10 - 25% [2, 12]. There are vari-

ous ways of achieving this efficient driving style: les-
sons [17, 19] or driving assistants that have been pro-
posed in a range of ways [1,3,18]. Gonder et al. agree that
improving driver efficiency could lead (without AVs) to a
reduction of about 20% [8]. According to them, stop-and-
go, unnecessary idling and acceleration rates (cf. [21])
and speed are the primary contributors to fuel and there-
fore energy waste [8]. Magafa and Mufioz-Organero [13]
additionally state that “slow reaction to the detection of
traffic signs and traffic incidents” [13, p. 2437] and the
(improper) “use of air conditioning or the choice of the
route” [13, p. 2437] lead to reduced fuel efficiency. Espe-
cially stops decrease fuel efficiency, therefore, Evans [6]
states that faster acceleration is acceptable for avoiding
a stop. When using non-automatic vehicles, optimal gear
changes also are a factor to reduce energy waste [21].
Finally, Gonder et al. state that the highest reduction in
energy waste through better driving is to employ auto-
mated vehicles, saving up to 30% [8].

Persuading Users to Keep Automation Activated
It is expected that smooth driving cycles and platooning

are one of the main factors for the energy reduction in
automated vehicles compared to manual driving [20]. By
disabling the automated mode during driving, this bene-

fit vanishes. Therefore, the maintenance of automation
usage is an important factor regarding energy efficiency.

In order to maintain automated driving during the ride, the
human-machine-cooperation requirements should be ful-
filled [4]. Human-machine cooperation requires calibrated
trust, a mutual system representation, directability, and

a shared situation representation [24]. Hock et al. [10]
show that giving feedback about the intention and reas-
ons for the behavior of the automation creates system
transparency and can not only lead to increased automa-
tion usage but also to an increase of traffic safety. This is
in particular important when the automated system out-
performs human driving capabilities, e.g. overtaking a
vehicle in foggy viewing conditions [26].

Cooperation to Avoid Manual Driving as Fallback
Another means to avoid falling back to manual driving is
driver-vehicle cooperation [24]. The automated system
and its user are considered team partners that combine
their strengths and complement each other. Several ef-
forts have been made to define human-machine coopera-
tion [7,9, 15]. According to Walch et al. [22], driver-vehicle
cooperation is characterized by a time-limited involvement
of the user on higher levels (navigation and guidance) of
the driving task. In the following, we describe two scen-
arios in which a highly automated vehicle and its user can
cooperate to avoid a transition to manual driving and with
this avoiding unnecessary energy consumption due to
inefficient manual driving. The first example is to avoid

a handover to the human driver when the system can-



Figure 1: The intention of pedestrians at the roadside can be
hard to predict for machines, however, humans can read the
body language very well.

not predict the intentions of pedestrians. In the second
example, cooperation can be used to avoid a takeover

by the human driver who does not want an automated
system to follow a slower vehicle in case automated over-
taking is not possible.

Example 1: Pedestrian Intention Prediction

Situations similar to Figure 1 can be very challenging for
automated systems: it is hard to predict if pedestrians

at the side of the road want to cross—in particular at a
crosswalk where the vehicle has to yield. An interaction
concept for these situations that allows the system to ask
the user whether a crosswalk is clear has been suggested
by Walch et al. [23]. In case the system is not sure how
the situation will evolve, it has to stop at the crosswalk; a
human user can likely recognize if the pedestrians do not
want to cross and thus prevent a full stop. After slowing
down or stopping at a crosswalk, the vehicle has to accel-
erate when the crosswalk is clear. This can be done more

Figure 2: Especially on bended roads, it is likely that an
automated vehicle cannot perform automated overtaking
maneuvers due to restricted sensor range.

energy efficient by the system than by a human driver.

Example 2: Overtaking Slower Vehicles

Another scenario in which an automated system can
accelerate more efficiently than a human is overtaking
slower vehicles. However, on rural roads it is likely that
the sensor systems of the vehicle are blocked by the
slower vehicle (see Figure 2). Consequently, the sys-
tem has to drive at the lower speed behind the “obstacle”.
Cooperative overtaking [25] has been suggested for such
situations: in cases, in which the user has a better percep-
tion of the traffic scene, an overtaking maneuver can be
triggered by the user and executed by the system.

Conclusion

We suggest to persuade users of automated vehicles
not to take over and to implement cooperative interaction
concepts to allow to overcome system boundaries with
the help of users but to avoid that users actually control



the vehicle (i.e. accelerating). Consequently, optimal
eco-driving performed by the automated system can be
implemented.

REFERENCES

(1]

(2]

(3]

(4]

(5]

Ryosuke Ando, Yasuhide Nishihori, and Daisuke
Ochi. 2010. Development of a system to promote
eco-driving and safe-driving. In Smart spaces and
next generation wired/wireless networking. Springer,
207-218.

Jéréme Barbé, Guy Boy, and others. 2006.
On-board system design to optimize energy
management. In Proceedings of the European
Annual Conference on Human Decision-Making and
Manual Control (EAM 2006), Valenciennes, France.
27-29.

Bart Beusen, Steven Broekx, Tobias Denys, Carolien
Beckx, Bart Degraeuwe, Maarten Gijsbers, Kristof
Scheepers, Leen Govaerts, Rudi Torfs, and Luc Int
Panis. 2009. Using on-board logging devices to
study the longer-term impact of an eco-driving
course. Transportation research part D: transport
and environment 14, 7 (2009), 514-520.

Klaus Christoffersen and David D Woods. 2002. How
to make automated systems team players. Advances
in human performance and cognitive engineering
research 2 (2002), 1—12.

SAE On-Road Automated Vehicle Standards
Committee and others. 2014. Taxonomy and
definitions for terms related to on-road motor vehicle
automated driving systems. SAE Standard J 3016
(2014), 1-16.

(6]

[7

—_—

(8]

(9]

[10]

L Evans. 1979. Driver behavior effects on fuel

consumption in urban driving humans factors. J.
Human Factors Ergonomics Soc 21 (1979),

4389-398.

F. Flemisch, D. Abbink, M. ltoh, M-P.
Pacaux-Lemoine, and G. Wef3el. 2016. Shared
control is the sharp end of cooperation: Towards a
common framework of joint action, shared control
and human machine cooperation.
IFAC-PapersOnLine 49, 19 (2016), 72 — 77. DOI:
http://dx.doi.org/10.1016/j.ifacol.2016.10.464
13th IFAC Symposium on Analysis, Design, and
Evaluation ofHuman-Machine Systems HMS 2016.

Jeffrey Gonder, Matthew Earleywine, and Witt
Sparks. 2012. Analyzing vehicle fuel saving
opportunities through intelligent driver feedback.
SAE International Journal of Passenger
Cars-Electronic and Electrical Systems 5,
2012-01-0494 (2012), 450—461.

Jean-Michel Hoc. 2000. From human - machine
interaction to human - machine cooperation.
Ergonomics 43, 7 (2000), 833—-843. DOI:
http://dx.doi.org/10.1080/001401300409044

Philipp Hock, Johannes Kraus, Marcel Walch, Nina
Lang, and Martin Baumann. 2016. Elaborating
Feedback Strategies for Maintaining Automation in
Highly Automated Driving. In Proceedings of the 8th
International Conference on Automotive User
Interfaces and Interactive Vehicular Applications
(Automotive’Ul 16). Association for Computing
Machinery, New York, NY, USA, 105-112. DOI:
http://dx.doi.org/10.1145/3003715.3005414


http://dx.doi.org/10.1016/j.ifacol.2016.10.464
http://dx.doi.org/10.1080/001401300409044
http://dx.doi.org/10.1145/3003715.3005414

(1]

(12]

(13]

(14]

(1]

(16]

(17]

Shigeki Kobayashi, Steven Plotkin, and

Suzana Kahn Ribeiro. 2009. Energy efficiency
technologies for road vehicles. Energy Efficiency 2, 2
(2009), 125—-137.

Olavi H Koskinen. 2008. Improving vehicle fuel
economy and reducing emissions by driving
technique. In 15th World Congress on Intelligent
Transport Systems and ITS America’s 2008 Annual
MeetingITS AmericaERTICOITS JapanTransCore.

Victor Corcoba Magana and Mario Muioz-Organero.
2015. Artemisa: A personal driving assistant for fuel

saving. IEEE Transactions on Mobile Computing 15,

10 (2015), 2437-2451.

Jeremy J Michalek, Panos Y Papalambros, and
Steven J Skerlos. 2004. A study of fuel efficiency
and emission policy impact on optimal vehicle design
decisions. J. Mech. Des. 126, 6 (2004), 1062—1070.

Marie-Pierre Pacaux-Lemoine and Frank Flemisch.
2016. Layers of Shared and Cooperative Control,
assistance and automation. IFAC-PapersOnLine 49,
19 (2016), 159 — 164. DOI:
http://dx.doi.org/10.1016/j.ifacol.2016.10.479
13th IFAC Symposium on Analysis, Design, and
Evaluation of Human-Machine Systems HMS 2016.

Bastian Pfleging, Maurice Rang, and Nora Broy.
2016. Investigating user needs for
non-driving-related activities during automated
driving. In Proceedings of the 15th international
conference on mobile and ubiquitous multimedia.
ACM, 91-99.

Catarina C Rolim, Patricia C Baptista, Gongalo O
Duarte, and Tiago L Farias. 2014. Impacts of
on-board devices and training on light duty vehicle

(18]

[19]

(20]

(21]

[22]

driving behavior. Procedia-social and behavioral
sciences 111 (2014), 711-720.

Christoph P Rommerskirchen, Magnus Helmbrecht,
and Klaus J Bengler. 2014. The impact of an
anticipatory eco-driver assistant system in different
complex driving situations on the driver behavior.
IEEE Intelligent Transportation Systems Magazine 6,
2 (2014), 45-56.

Michelle Rutty, Lindsay Matthews, Jean Andrey, and
Tania Del Matto. 2013. Eco-driver training within the
City of Calgary’s municipal fleet: Monitoring the
impact. Transportation research part D: transport
and environment 24 (2013), 44-51.

TS Stephens, Jeff Gonder, Yuche Chen, Z Lin, C Liu,
and D Gohlke. 2016. Estimated bounds and
important factors for fuel use and consumer costs of
connected and automated vehicles. Technical
Report. National Renewable Energy Lab.(NREL),
Golden, CO (United States).

Mascha Van der Voort, Mark S Dougherty, and
Martin van Maarseveen. 2001. A prototype
fuel-efficiency support tool. Transportation Research
Part C: Emerging Technologies 9, 4 (2001),
279-296.

Marcel Walch, Mark Colley, and Michael Weber.
2019a. Driving-Task-Related Human-Machine
Interaction in Automated Driving: Towards a Bigger
Picture. In Proceedings of the 11th International
Conference on Automotive User Interfaces and
Interactive Vehicular Applications: Adjunct
Proceedings (AutomotiveUl '19). Association for
Computing Machinery, New York, NY, USA, 427-433.
DOI:http://dx.doi.org/10.1145/3349263.3351527


http://dx.doi.org/10.1016/j.ifacol.2016.10.479
http://dx.doi.org/10.1145/3349263.3351527

(23]

(24]

Marcel Walch, David Lehr, Mark Colley, and Michael
Weber. 2019b. Don’t You See Them? Towards
Gaze-Based Interaction Adaptation for Driver-Vehicle
Cooperation. In Proceedings of the 11th International
Conference on Automotive User Interfaces and
Interactive Vehicular Applications: Adjunct
Proceedings (AutomotiveUl '19). Association for
Computing Machinery, New York, NY, USA, 232-237.
DOI:http://dx.doi.org/10.1145/3349263.3351338

Marcel Walch, Kristin MUhl, Johannes Kraus, Tanja
Stoll, Martin Baumann, and Michael Weber. 2017.
From car-driver-handovers to cooperative interfaces:
Visions for driver—vehicle interaction in automated
driving. In Automotive user interfaces. Springer,
273-294.

(25]

(26]

Marcel Walch, Marcel Woide, Kristin Mdhl, Martin
Baumann, and Michael Weber. 2019. Cooperative
Overtaking: Overcoming Automated Vehicles’
Obstructed Sensor Range via Driver Help. In
Proceedings of the 11th International Conference on
Automotive User Interfaces and Interactive Vehicular
Applications (AutomotiveUl '19). Association for
Computing Machinery, New York, NY, USA, 144—-155.
DOI:http://dx.doi.org/10.1145/3342197.3344531

Marcel Woide, Dina Stiegemeier, and Martin
Baumann. 2019. A methodical approach to examine
conflicts in context of driver - autonomous vehicle -
interaction. Proceedings of the international driving
symposium on human factors in driver assessment,
training and vehicle design 2019 (2019), 314-320.


http://dx.doi.org/10.1145/3349263.3351338
http://dx.doi.org/10.1145/3342197.3344531

	Introduction
	Driver Caused Energy Waste
	Persuading Users to Keep Automation Activated
	Cooperation to Avoid Manual Driving as Fallback
	Example 1: Pedestrian Intention Prediction
	Example 2: Overtaking Slower Vehicles

	Conclusion
	REFERENCES 

