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Abstract

The aim of this paper is to evaluate the impact of connected autonomous behavior in real vehicles on vehicle fuel consumption and
emission reductions. Authors provide a preliminary theoretical summary to assess the driving conditions of autonomous vehicles in
roundabout, which attempts exploring the impact of driving behavior patterns on fuel consumption and emissions, and including
other key factors of autonomous vehicles to reduce fuel consumption and emissions. After summarizing, driving behavior, effective

in-vehicle systems, both roundabout physical parameters and vehicle type are all play an important role in energy using. ZalaZONE's

roundabout is selected for preliminary test scenario establishment, which lays a design foundation for further in-depth testing.
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1 Introduction

With the development of autonomous vehicle (AV) tech-
nology, current research are more inclined to focus on
decision making made by vehicle, instead of human driver
Mersky and Samaras (2016). Main reason in behind is
the fact that reliability and reaction time of autonomous
system are better than humans. It is stated that modern
autonomous vehicles can sense their local environment,
various objects they found are classified, can be explained
by sensory information, to determine the appropriate
navigation path, while respecting transportation rules
(Bimbraw, 2015).

Since the establishment of a roundabout on a city road,
significant changes have been made in various aspects,
such as the size, quality, traffic efficiency and manage-
ment style of the roundabout. At the end of the twenti-
eth century, modern roundabouts were widely used in
Europe and the United States (Dabbour and Easa, 20006).
These intersections have the advantages of priority in the
roundabout, lower driving speed, smaller radius around
the island, and counterclockwise travel around the island.
Entrances and exits are normally four pairs and use the
tangent line in the roundabout which is perpendicular
roads. Wardrop (1957) believes that the capacity of the
roundabout depends mainly on the length of the weaving
area, and the length of the weaving area is directly pro-
portional to the capacity of the traffic, and traffic rules for

priority traffic are established, but this rule often leads to
the roundabout. The occurrence of the deadlock phenom-
enon, therefore, the relevant scholars proposed the rules
for entering the roundabout.

Turner and Roozenburg (2009) argue that deceleration
is an advantage for a well-designed roundabout, which
usually results in similar driving behavior. St-Aubin
et al. (2013) proposed that when the roundabout provides
multiple access roads and even increases the capacity of
the short-distance lanes to increase the lane capacity, the
vehicle’s speed and driving behavior constraints will be
reduced. Silva et al. (2006) studied
different lane numbers and found that: by increasing the

the roundabout of

number of lanes, the roundabout can improve its traffic
capacity to a certain extent, and the driver will have more
driving space, but this will also lead to an increase in
potential conflicts.

2 Effective in-vehicle system and CAV on fuel
consumption and emission

Autonomous vehicles have the potential to improve link
and roundabout traffic behavior. Connected autonomous
vehicle (CAV) is much available to get information and
communicate real-time data and cooperate with other road
users. Evidence from current research indicates that in-ve-
hicle systems have a positive impact on fuel consumption
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and can improve fuel efficiency. In-vehicle feedback
systems are a new method that driver behavior chang-
ing has a positive impact on improving fuel efficiency
(Joshué et al., 2011). There are many vehicle devices are
designed to be used to improve fuel efficiency, for exam-
ple dashboard displays, heads up displays and so on.

Barth and Boriboonsomsin (2009) found that fuel con-
sumption can reduced about 10-20 % by speed feedback
via in-vehicle dashboard displays depending on the driv-
ing scene background. Similarly, when the bus driver gets
real-time driving feedback through the vehicle-mounted
eco-driving system, the fuel consumption of the bus
is reduced by 6.8 % (Stromberg and Karlsson, 2013).
Horberry et al. (2014) summarized in-vehicle feed-
back systems classification with informing, warning
and intervening (Vaezipour et al., 2015). Ardalan and
Antonio (2018) claimed that potential impact of CAV on
energy use could be multifaceted and not all active role
in energy reduction. Fig. 1 is the summary of the main
impact factors on energy using.

Even in complex traffic conditions that involve other tra-
ditional vehicles, energy-efficient automated vehicles still
make contribution to fuel consumption reduction of sur-
rounding traffic (Joshué et al., 2011; Antonya et al., 2015).
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Fig. 1 The summary of the contributing factors influencing energy
using (Joshué et al., 2011)
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3 Relationship between driving patterns and fuel
efficiency

Improving driving patterns and driving behavior has
proven to drive an important role in energy efficiency and
vehicle fuel consumption and emissions. Avoiding unnec-
essary stopping and achieve continuous speed, shifting to
higher gears, using positive smooth acceleration, smooth
deceleration instead of sharp braking etc. such driving
pattern training for reducing vehicle energy consumption
and emission is important (Vaezipour et al., 2015). Fig. 2
is the control system for autonomous vehicles crossing
roundabouts.

Vaezipour et al. (2015) and Zdldy and Zsombok (2018)
summarized energy efficiency influencing factors and their
driving parameters safety aspects which highly dependent
on the traffic surroundings, as shown in Fig. 3.

4 Other factors affect fuel consumption and emission
Another reason leading to increased vehicle emissions is
the traditional roundabout traffic congestion. Vehicles at
smart roundabouts reduce fuel consumption and have a
positive impact on environmental protection compared to
traditional roundabouts. Alkhaledi et al. (2015) compared
speeds changing phase in both traditional roundabouts
and smart roundabouts, as shown in Fig. 4.

Excessive idle time on busy intersections and long-pe-
riod paths lead to increased fuel consumption and emis-
sions at traditional roundabouts, while minimum delay and
idle time can be achieved at smart roundabouts, resulting
in lower fuel emissions. Both Fig. 5 and Fig. 6 show the
speed profile which is determined by the characteristics of
the right turn and the turn lane of the smart roundabout.

Vehicle type is also a factor to reduce fuel consump-
tion and emission. Ardalan and Antonio (2018) has men-
tioned increase vehicle miles travel miles or reduce vehi-
cle weight can get more chances for vehicle less fuel
consumption and emission with CAVs.
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Fig. 2 Control system for autonomous vehicles crossing roundabouts (Joshué et al., 2011)
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Fig. 3 Driving parameters impact on fuel consumption and safety (Vaezipour et al., 2015)
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Fig. 4 (a) Traditional roundabout (b) Improved smart roundabout layout
(Akcelik and Besely, 2002)

5 Testing experiments and simulations

However, there is no direct principle to evaluate the
impact of AV technology on energy efficiency for cur-
rent fuel economy testing methods. Electric vehicles and
plug-in hybrids testing standards has been set by EPA
which is different with traditional vehicle (Zoldy, 2018).
In this case, manufacturers and markets cannot have a
consistent fuel consumption and emission ratings to show
fuel efficiency of their production. Therefore, companies
are likely to reach the fuel efficiency through decision
making control.

Driving cycle represents vehicle’s performance includ-
ing fuel consumption and emission parts, using data
points. With autonomous vehicle technology is more and
more popular, there exits drive cycles for autonomous and
partially autonomous vehicles. Several vehicle fuel con-
sumption test methods was listed (Zdldy, 2018), this paper

Speed
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Tln?

Fig. 5 The speed changing phase at general signalized intersection
(Akcelik and Besely, 2002)

Speed
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Fig. 6 The speed changing phase at the smart roundabout
(Akcelik and Besely, 2002)

demonstrates a method for driving cycles incorporated
into existing EPA test program will automatically follow.

"Vehicle Specific Power" (VSP) is the term describe
mechanical engine load used for vehicle motion that has
been shown to be highly related with vehicle emissions.
Frey et al. (2002) exploited a "modal grading method" for



computing VSP vehicle emissions based on speed, accel-
eration etc. requirements (Salamati et al., 2013).

In the supposed partial automation case, if the rec-
ommendations had been followed perfectly, what would
have happened would be shown by a speed profile
(Wu et al., 2014). According to the survey, partial auto-
mated vehicles save about 5-7 % of energy compared
to human-driven vehicles.). Ardalan and Antonio (2015)
summarized CAV optimize fuel efficiency mainly depend
on envisage road conditions, signal characteristic and
car following patterns. Vehicle information signal trans-
mission technology is mainly Dedicated Short Range
Communication (DSRC) or cellular communication SPaT
is associated with traffic control center.

6 Test scenario descriptions

ZalaZONE is a special designed proving ground for auto-
motive vehicles (Szalay et al., 2017) and the chosen round-
about is a standard single lane roundabout, 32.5 m in diam-
eter. It has four legs and each adjacent leg angle is assumed
as 90 degrees.

It is supposed that the crosswalk and the separa-
tor island appear at all entrances and exits, and that the
length between the line and the yield is 5.5 meters, which
can accommodate passengers. Fig. 7 is the screenshot of
Prescan scenario editor and Table 1 is the main parameters
of ZalaZONE roundabout dimensions.

The selected vehicle decelerates as it enters the round-
about, as shown in Fig. 8 and Fig. 9, designing the
SMART to merge the BMW vehicle from the entrance
ramp. In order to reduce the interference to the flow, it can
only be merged into the gap between the rows, observe
the difference between the different merged positions and
the speed of the vehicle, then compare different scenarios.
Table 2 is the summary of vehicle dimensions.

Fig. 7 ZalaZONE roundabout layout
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7 Conclusions

The paper summarizes the impact of autonomous vehicle
driving behavior on fuel conditions based on roundabout
environment. Taking into account the above situation, as a
conclusion, it should be emphasized that reducing energy

Table 1 ZalaZONE roundabout dimensions

ZalaZONE roundabout Parameters (m)
Inscribed circle diameter 325
Entrance width 3.61
Exit width 3.61
Approach width 3.25
Departure width 3.25
Circulating roadway width 7.58
Apron 1.80

Table 2 Vehicle dimensions
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Fig. 8 BMW-X5-SUV configurations
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consumption and emission at the roundabout should avoid
sudden change in the road or traffic conditions and achieve
smooth acceleration or deceleration.

After selecting the roundabout as test site and the vehi-
cle types, the next step is to develop and build scenario
models with different simulation environments, analyze
and verify the driving behavior pattern of the autonomous
vehicle in combination with the system architecture.
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