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Abstract
The paper presents actual results of the project oriented at development of algorithms for the advising system for eco-driving. The paper discusses the experiments for validation of the control algorithm
used for the fuel consumption optimization problem within the project. Using adaptive optimal control
algorithms under Bayesian methodology, the experiments show that a compromise between fuel consumption minimization and preserving the recommended speed can be reached. Research is performed
in collaboration with Škoda Auto (www.skoda-auto.com).
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Introduction

Most drivers naturally wish to drive more economically. Reducing the fuel consumption and CO2 emission
concerns also the automotive industry, especially in view of recent requirements about it in the governmental level. Most manufacturers invest a lot in development and support of various conceptual solutions
for eco-driving which can be mainly found in the form of hybrid and electric vehicles [2, 3, 4]. They are
environmentally friendly and promise significant fuel savings. However, both only in exploitation. The
purchase price of hybrid or electric vehicles is still rather high (although in recent times it is decreased)
which compensates fuel savings.
For modern conventional vehicles, some automobile manufacturers propose the eco-driving solutions (but
not limited to) via built-in advising systems that prompt drivers how to make a driving style more
economic and ecologic. In our project we focus on development of adaptive algorithms for advising
system for optimization of fuel consumption within the research project performed in collaboration with
Škoda Auto (www.skoda-auto.com).
Many studies can be found in this field, for example, [5, 6, 9, 1] that investigate influence of driving style
on fuel consumption and emissions. This confirms relevance of the eco-driving topic. However, algorithms
founded in the discussed field are mostly based on physical model of fuel consumption, taking into account
surrounding traffic conditions, e.g., [7, 8, 10, 11]. Within our project, we use a data-dependent approach
based on Bayesian methodology [12]. Here we describe the experimental part of the work directed at a
validation of the used control algorithm.
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Theoretical Background

As the main emphasis of this paper is to present validation experiments of the control algorithm used for
the advising system for eco-driving, we should indicate very briefly the used theoretical background. In
details it can be found in [15, 16, 17].
The problem of fuel consumption optimization is formulated as follows: (i) construct a model of a “drivervehicle” system; (ii) estimate model parameters using measurements; (iii) design a real-time (on-line)
control which has to push both the fuel consumption and the speed to their desired values as close as
possible simultaneously.
The “driver-vehicle” system is described by the following probability density function (pdf):
f (yt |ψt , Θ) ,

(1)

0 , u0
0
0
0
0
where ψt0 = [u0t , vt0 , yt−1
t−1 , vt−1 , . . . , yt−n , ut−n , vt−n , 1] is a regression vector and Θ denotes model parameters. A well-known Bayesian recursive parameter estimation, e.g., [13], is used.

The fuel consumption optimization task is solved as the feedback control algorithm which combines
dynamic programming with setpoint pre-programming described in [17] . According to the project aim,
the algorithm is conceived for subsequent implementation in advising system in a vehicle. It means that
the control values produced by the algorithm will then be used as real-time advices for a driver how to
save fuel. However, in order to validate them, we should test the algorithm as the automatic control of
the vehicle (i.e., as if a driver would follow the advices automatically). This is the main emphasis of this
paper.
Selection of data to be used for the model and experiments of testing the algorithm are demonstrated in
subsequent sections.
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Data Selection

The data used for the considered task were provided by Škoda auto (see www.skoda-auto.com). They
were measured on a specially equipped vehicle Škoda Octavia 2.0 TDI with a DSG automatic gearbox,
driven on a selected route. The route of a length about 38 kilometers out of Prague is composed of parts
of highway, out-of-town roads and roads passing through small towns with corresponding speed limits.
To ensure necessary dynamic, the data were measured for different driving styles, i.e., some of the drivers
tried to save the fuel and some of them not. Totally 8 data samples with a sampling period 0.2 seconds
are available.
Originally, the available data samples contained a significant number of variables influencing driving. The
most informative data to be involved in the model are selected as follows.
The controlled output vector includes:
• fuel consumption,
• speed,
where they both are to be pushed to their desired values (setpoints) as close as possible,
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• engine torque,
• engine speed,
• distance traveled from the last measurement,
while these three outputs have to be only properly constrained, but without setpoints to be pushed to.
The control input vector includes:
• pressing the gas pedal,
• pressing the brake pedal,
• gear.
It should be noted that to according to advices from the eco-driving experts, braking should be realized
mostly by engine in order to reduce the fuel consumption. The brake pedal should be used for complete
braking and stopping or in situations where braking by engine is not sufficient. Thus, braking is a not a
result of optimization, but a deterministic control action.
The external variable vector:
• road altitude,
• UTM-X and UTM-Y coordinates of vehicle position,
• radius of the curve road.
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Using Data as Setpoints

The data selected for the model are used not only for the estimation, but also for a choice of setpoints,
i.e., desired values of the optimized variables.
According to advices of experts, the setpoint for the (actual) fuel consumption is chosen as follows. As
it was already mentioned, the available data samples provide measurements corresponding to different
driving styles, i.e, faster and more dynamic, but with higher fuel consumption, and otherwise, slower and
more economic. We take a data sample whose average fuel consumption is the lowest among others. Then
we multiply the actual fuel consumption from this data sample by 0.85 so that we have 85% of it. This
value at time t is denoted by s1;t and it is the setpoint for the actual fuel consumption.
The speed setpoint is the recommended speed provided by experts for the considered route. This is the
speed again from the data sample whose average fuel consumption was the lowest one. Driving with this
speed is acceptable from the viewpoint of fuel saving. However, it must also satisfy traffic restrictions.
Thus, this speed is preprocessed with the help of application of speed limits existing on the route according
to position coordinates or discretized points of a length 20 meters. The obtained value at time t is the
setpoint for the speed denoted by s2;t . In order to use the recommended speed as the setpoint during the
time cycle effectively, it is necessary to get the current UTM-X and UTM-Y coordinates of the vehicle
position at each time instant, determine the vehicle location on the route and then take the value of the
speed recommended just for this location.
3
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Testing Experiments

The testing experiments are performed in Matlab connected via serial ports with a vehicle simulator
provided by Škoda auto to test algorithms during the project. The simulator represents a separate
software based on a physical model of a vehicle. To validate the control, the simulator works as a vehicle
which obtains values of pressing the gas and the brake pedals and gear as the inputs from the algorithm
and in real time reacts to them by producing the outputs, where the most interesting for us are the
optimized variables – fuel consumption and speed. In real time the simulator also obtains values of
external variables on the route. A map with the marked considered route and a transparent view of the
driven vehicle is shown in Figure 1. A beginning of the route is denoted by “start”. The current position
of the simulated vehicle is marked by red circle.

Figure 1: The map with the marked route and a transparent view of a vehicle. The red circle shows the
current position of the vehicle on the route.

About 10000 data items with a sampling period 0.2 seconds is necessary in order to have the vehicle
passed through the whole route with a speed close to the recommended one. Figure 2 (left) demonstrates
the UTM position coordinates reported by the simulator during passing the route. The route is not
characterized by significant clearly expressed hills, see the road gradient in Figure 2 (right).
As a driver, we can choose between two variants of eco-driving according to our preferences. It means that
we can preset whether we wish a more dynamic and faster driving, but with a higher fuel consumption,
or otherwise, smoother and a bit slower, but more economically. This is reached by values of individual
penalizations, see [16, 17]. It should be noted that the first variant – a more dynamic driving - covers the
fuel consumption optimization as well. It only represents driving a bit closer to the recommended speed
than in the second case.
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Figure 2: The left plot shows UTM coordinates for vehicle position after passing the whole route by the
simulated vehicle. Notice its correspondence to the map in Figure 1. The right plot provides the altitude
measured while driving on the route.

We tested the algorithm for both the cases and compared the obtained results with real data.

5.1

Results for a Smoother Driving Preference

Figure 3 (left) demonstrates the speed obtained during driving the whole route in comparison with the
recommended speed. The obtained speed is a bit lower than the recommended one, but it is in reasonable
ranges. Figure 3 (right) shows the fuel consumption during this driving. Places with the road uphill
are the most interesting from the fuel economy viewpoint. They can be found in Figure 2 (right) from
2000 to 3000 time periods and from 4000 to 5000 time periods. It can be seen that the fuel consumption
in Figure 3 (right) in these locations has also a more economic course. It should be noted that neither
the speed nor the fuel consumption cannot track their setpoints precisely due to the compromise in the
penalization settings.
The average fuel consumption is converted from µL/0.2 seconds to more presentable L/100km. For a
smoother driving preference, the obtained average fuel consumption is 4.8 L/100km, which is lower than
the real fuel consumption 5.5 L/100km computed from the data sample used for validation.
Figure 4 (left) demonstrates pressing the gas pedal during the driving, which has a smoother course in
comparison with real data. Figure 4 (right) shows pressing the brake pedal, which is used less often than
in real measurements. It allows to reduce the fuel consumption. Prohibition of simultaneous pressing both
the pedals can be seen in Figure 4 near 3800 and 7200 time periods: when the brake pedal is pressed, the
gas one is not. The lowest level of pressing the brake pedal in Figure 4 (right) is preset as constant 0.85
bar according to minimal pressure in the brake system. The real measurement of the minimal pressure is
a bit lower and noisy.
Figure 5 provides selection of gear during the driving.
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Figure 3: The speed (left) and the fuel consumption (right) for the whole route with a smoother driving
preference chosen.
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Figure 4: Pressing the gas pedal (left) and pressing the brake pedal (right) for a smoother driving
preference. Notice a smoother course of pressing the gas pedal in comparison with real data. Notice also
pressing the brake pedal near 3800 and 7200 time periods and the unpressed gas pedal.

5.2

Results for a More Dynamic Driving Preference

More dynamic driving differs from the previous one by more often usage of the brake pedal, see Figure 6
(right), and by sharper changes in pressing the gas pedal, Figure 6 (left). Selection of gear is very similar
to that shown in Figure 5.
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Figure 5: Gear selection advising for a smoother driving preference
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Figure 6: Pressing the gas pedal (left) and pressing the brake pedal (right) for a more dynamic driving
preference.

The obtained speed is shown in Figure 7 (left). A necessity to track the setpoint of the fuel consumption
does not enable to produce the control so that to keep the recommended speed precisely. However,
this speed is closer to the recommended one than in Figure 3 (left). The fuel consumption is shown in
Figure 7 (right). Its values are a bit higher than in Figure 3 (right). However, the obtained average fuel
consumption is 5.1 L/100km that is lower than the real 5.5 L/100km.
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Figure 7: The speed (left) and the fuel consumption (right) for a dynamic driving preference.

5.3

Discussion

To summarize the experimental part of the work, we can say that the presented results look promising.
Choosing any of the driving preferences, we can reduce the fuel consumption in comparison with real data.
It means that the advising system based on the described approach can be suitable for eco-driving. In the
case of a malfunction in the control systems of a vehicle or an accident situation an option to automatic
disabling the advising system should be provided.
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Conclusion

The paper describes experiments of testing the control algorithm performed within the project aimed at
fuel consumption optimization. The tests with a hardware vehicle simulator are planned for future work.
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Conditions for Reducing Fuel Consumption based on Vehicle Environment Information. Proceedings
of IEEE Forum on Integrated and Sustainable Transportation Systems, Vienna, Austria, June 29–July
1, 2011, pages 13–19.
[11] Ben Dhaou, I. Fuel estimation model for ECO-driving and ECO-routing. Proceedings of IEEE
Intelligent Vehicles Symposium (IV). Baden-Baden, Germany, 2011, June 5–9, pages 37–42.
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