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Abstract

The paper provides a detailed analysis of the impact of automated vehicles using eco-cruise control system on the traffic flow. The speed 

profiles of vehicles using eco-cruise control system generally differ from those of conventional human-driven vehicles. The characteristics 

of the traffic flow on macroscopic traffic level combine both automated and human-driven vehicles. In the simulation-based analysis 

the effects of traffic volume and the ratio of the automated vehicles are in the focus. Based on the results the analysis an extension of 

the eco-cruise control is also proposed, in which the balance between the traffic flow and transport efficiency is achieved.
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1 Introduction
The research and development of various energy-efficient 
strategies of automated vehicles have been in the focus of 
the automotive industry and research institutes (Sciarretta 
et al., 2015). One of these methods is called the eco-cruise 
control of vehicles, which focuses on the velocity profile. 
The purpose of the velocity control is to guarantee effec-
tive, comfortable, safe and economical traffic by exploit-
ing the features of both vehicle dynamics and environment. 
There are some important examples: characteristic of fuel 
consumption, delivered cargo, road inclinations, speed 
limits, traffic flow, traffic forecast (Hellström et al., 2009; 
Gáspár and Németh, 2019).

The control solutions result in speed profiles of the auto-
mated vehicles, which is usually significantly different 
from the speed selection of the human drivers. Their rea-
sons are that the control systems of the automated vehicles 
have information about the road ahead, e.g., the usage of 
the road capacity or the upcoming downhill terrain char-
acteristics. At the same time, unfortunately, this prelimi-
nary information is not available for the human drivers. 
Thus, in a conventional cruise control the steady speed 
set by the driver must be maintained as long as it is neces-
sary (Li et al., 2011). The widespread use of the eco-cruise 

control influences the traffic flow significantly. The most 
important task of the eco-cruise control is to find a bal-
ance between the requirement of an individual vehicle and 
its impact on the traffic flow.

Several papers have been published in the topic of 
eco-cruise control, which focus on the performances 
of an individual vehicle. A multi-criteria optimization 
between journey time and fuel consumption was proposed 
by  (Saerens et al., 2013). A multi-point boundary-value 
task was defined by (Passenberg et al., 2009). Since in 
the formulation several types of performances are consid-
ered such as input constraints and nonlinearities of vehi-
cle dynamics, the numerical solution of the task is diffi-
cult. The implementation of a receding horizon control 
on a truck to provide a possible solution was presented in 
(Hellström et al., 2009). This paper shows that depending 
on the cruise control speed setting the achieved traveling 
time might slightly increases. The multi-criteria tasks of 
the hybrid vehicles are to take into consideration the state 
of charge of the battery, the energy consumption and the 
navigation map, see e.g., (Ambühl and Guzzella, 2009).

Another task is the analysis of the vehicle-traffic inter-
actions, in which vehicles using eco-cruise control system 
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and human-driven vehicles are traveling together on the 
roads, see e.g., (Li and Ioannou, 2004), (Wang et al., 2019). 
The challenges of the mixed traffic analysis and control 
are in the focus of several research works. A stability 
analysis based on car-following models was presented 
in  (Zhu and Zhang, 2018). This paper presents that the 
varying sensitivity and smooth factors of automated vehi-
cles affect traffic flux. The mixed traffic flow, in which 
both car-following control and bilateral control are used 
simultaneously, was proposed by (Wang and Horn, 2020). 
A control strategy to achieve a smooth traffic flow was 
developed by  (Zheng et al., 2020). A cooperative cruise 
control of multiple cars in mixed traffic, in which conven-
tional vehicles are considered hybrid dynamical systems 
was examined by (Chin et al., 2015). The paper shows that 
the cooperative control improves overall stability. The 
impact of vehicles using eco-cruise control systems on the 
traffic flow was presented by (Lu et al., 2019). The impact 
of vehicles using eco-cruise control and speed control on 
traffic flow was proposed by (Gáspár and Németh, 2019).

The goal of this paper is to analyse the impact of auto-
mated vehicles using eco-cruise control system on the 
traffic flow. The speed profiles of the automated vehicles 
may differ from those of the conventional vehicles, thus 
the conventional characteristics of the traffic flow based 
on the fundamental diagram changes. The motivation of 
the paper is introduced from a microscopic point-of-view 
through a high-fidelity CarSim environment. A simu-
lation-based analysis of the traffic flow is performed, in 
which the current traffic inflow on the road and the ratio of 
automated vehicles are considered. In the examination the 
microscopic traffic simulator VISSIM is applied. Based on 
the analysis an extension of the eco-cruise control method, 
which considers the results of the analysis, is proposed. 
Here the purpose is to create a balance between the traffic 
flow and energy-efficient traveling.

The paper is structured as follows. The basics of the 
eco-cruise control design and the effect of the automated 
vehicle on the surrounding vehicles are introduced in 
Section 2. It is the basis of the further examinations of the 
traffic flow. The impact of the automated vehicles on the 
traffic flow is detailed in Section 3. The operation of the 
eco-cruise control strategy together with the macroscopic 
system is presented in Section 4. Finally, the results of the 
paper are concluded.

2 Impact of automated vehicles on the surrounding 
vehicles
The purpose of this section is to illustrate the impact of the 
automated vehicles using eco-cruise control on the sur-
rounding vehicles. In this microscopic point of-view the 
local impact of an individual vehicle is examined.

The eco-cruise control strategy which has been built 
in automated vehicles was presented in (Gáspár and 
Németh, 2019). The basis of the eco-cruise control is to 
consider road inclinations, speed limits and traffic infor-
mation from a finite horizon ahead of the vehicle. The 
purpose of the method is to find a speed profile which 
provides a balance between the performances such as 
energy consumption and traveling time, while safe dis-
tances from the other vehicles are guaranteed. It leads to 
a multi-criteria optimization task.

The result of the optimization is a varying scaling fac-
tor R

1
0 1∈{ }, .  The factor R1 provides a priority between 

energy consumption and traveling time. Its large value 
is related to the importance of minimizing energy con-
sumption, while its small value is related to the impor-
tance of minimizing total travel time. In practice R1,max < 1 
is selected in order to avoid significant variations in the 
required speed. Moreover, in the local traffic the speed 
of the vehicle must be selected to guarantee the safe dis-
tances from the surrounding vehicles. The optimization 
task is Eq. (1):

max ,
, ,max0

1
1R

R
 

	 (1)

where R1,max is a constant parameter, while R1 varies 
dynamically.

In the optimization task (1) several constraints must be 
considered. The selection is influenced by the speeds of the 
surrounding vehicles and their locations. The main factors 
are the preceding and the following vehicles in the current 
lane (R1, p , R1, f ) and those in the adjacent lanes (R1, pa , R1, fa ). 
The possibility of the lane change of the automated vehicle 
in various situations is also part of the factors. For exam-
ple, if the automated vehicle catches up with a preceding 
vehicle and there is no possibility of overtaking, the speed 
must adapt to the speed of the preceding vehicle. In this 
case a new R1, p is calculated and the speed of the preceding 
vehicle is set to a reference vlead . Similarly, when the fol-
lower vehicle catches up with the automated vehicle, the 
speed of the automated must be adapted to that of the fol-
lower vehicle through a new R1, f . In this way the obstacles 
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in the motion of follower vehicle is avoided. Nevertheless, 
in both examples the designed speed may differ from the 
requested speed. It means that occupancies of both the cur-
rent and the adjacent lanes must be analyzed. Based on a 
similar way, the factors R1, pa and R1, fa are calculated also in 
the adjacent lane. If the difference between the factors R1, p, 
R1, pa, R1, f  , R1, fa is higher than a predefined limit, the lane 
change maneuver is proposed to keep the economic aspect.

The resulting factor  is applied in the computation of 
the optimal speed profile. The current reference speed λ is 
defined by function f in the following way:

λ α γ α= ( ) ( )( )f Q R v R vi ref i i i ref i1 1
, , , , , ,

, ,
	 (2)

where αi is the road slope and vref,i is the speed limit in seg-
ment i n∈{ }1,..,  ahead of the vehicle, where n is the num-
ber of segments in the prediction horizon. The parameters 
Q and γ i i n, ,..,∈{ }1  are formulated as convex combina-
tions of Q R Q= − −( )1 11  and γ γ γ γιi i iR R R= + =

1 2 1



.  The 
parameters Q  and γ i  are the solutions of the quadratic 
optimization task.

2.1 Simulation example of the interaction between the 
vehicles
In the simulation example the impact of the eco-cruise 
control on the surrounding vehicles is illustrated through 
a CarSim simulation scenario. The automated vehicle trav-
els in the outer lane of a highway, where a slower vehicle 
must be overtaken. The purpose of the scenario is to show 
that the maneuver can be performed without significantly 
disturbing the vehicles in the adjacent lane. There are two 
conflicts in the simulation. First, the overtaking maneuver 
cannot be performed, because there might be other vehi-
cles in the inner lane. Since the vehicle in the adjacent lane 
has high speed, the automated vehicle must wait until the 
lane becomes free. Second, the automated vehicle changes 
the lane when it is free and other faster vehicle in the inner 
lane catches up with the automated vehicle. Thus, the 
automated vehicle must increase its own speed. When the 
vehicle in the adjacent lane at a sufficient distance behind, 
the automated vehicle completes the overtaking without 
significantly disturbing the vehicles in the inner lane.

The signals of the simulation are shown in Figs. 1 and 2. 
The speed of the automated vehicle is illustrated in Fig. 1(a). 
At the beginning of the scenario the vehicle is in the outer 
lane, and its speed is increased, see the actuation of the 
throttle in Fig. 1(b). The shifting procedure is controlled 
by a logic based on the speed and the load of the engine, 
which has impact on the variation of the throttle, see e.g. 

Fig. 1 Signals in the lane-change maneuver; (a) Speed; 
(b) Throttle; (c) Distance ahead of the vehicle; (d) Distance 

behind the vehicle
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between 0...100  m. Since the automated vehicle acceler-
ates, it catches up with the preceding vehicle as the dis-
tance between the vehicles is shown (Fig. 1(c)). Due to the 
vehicle in the adjacent lane the overtaking maneuver can-
not be performed, thus the signal R1, p is reduced (Fig. 2(b)). 
It results in the speed reduction to vlead = 90 km / h, and the 
safe distance dsafe = 50 m is kept. Simultaneously, R1, fa = 0 
is set, because there is another vehicle in the adjacent 
lane (Fig. 2(c)). When the vehicle in the adjacent lane over-
takes the controlled vehicle, R1, fa = R1,max, in which R1,max is 
set, see at point 200 m. Although in the simulation con-
stant dsafe is considered, the proposed cruise method is 
independent from a specified distance value, i.e. speed-de-
pendent headway can also be incorporated in the method.

Since the speed of this vehicle is greater than that of the 
automated vehicle, R1, pa = 0 is set in the adjacent lane, see 
Fig. 2(d). Since the safe distance in the new lane cannot be 
guaranteed, the overtaking maneuver is not started. The 
overtaking and the lane change begin only at point 320 m. 
When the overtaking maneuver has been carried out, the 
current lane will be the new one and the adjacent lane will 

be the original one. Thus, R1, p in the current lane is reduced 
to zero and R1, pa in the original lane is increased to  1, 
because the distance between the automated vehicle and 
the overtaken vehicle is decreased, see Fig. 2(b) and 2(d). 
Furthermore, the speed is increased in order to achieve the 
designed speed, see Fig. 1(a) and the throttle signal Fig. 1(b).

In the second part of the simulation the follower vehicle 
catches up with the automated vehicle as shown in Fig. 1(d). 
When the distance between the automated vehicle and the 
follower vehicle decreases to the safe distance, weight R1, f 
is reduced in order to accelerate the automated vehicle, see 
Fig. 2(a) at point 410 m. Thus, the speed of the automated 
vehicle is increased up to 130 km / h, as shown in Fig. 1(a). 
During the acceleration the vehicle of the adjacent lane 
is overtaken, which is shown by the signal R1, pa at point 
480 m in Fig. 2(d). Since the automated vehicle is faster 
than the overtaken vehicle, R1, fa in the adjacent lane is set 
to R1,max, see Fig. 2(c). Based on this signal the lane change 
strategy suggests that the automated vehicle should return 
to the original lane. When the safe distance from the over-
taken vehicle is reached, the overtaking maneuver has 

Fig. 2 Weight R1 in the current and the adjacent lanes; (a) R1,f in the current lane; (b) R1,p in the current lane; (c) R1,fa in the adjacent lane; 
(d) R1,pa in the adjacent lane
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been finished and the controlled vehicle is driven back to 
the lane, see point 620 m. Thus, the distance behind the 
vehicle increases, while the speed of the vehicle and the 
throttle are reduced significantly, see Fig. 1(a) and 1(b). 
Simultaneously, R1, f = R1,max in the new lane and R1, fa = 0 in 
the adjacent lane are set.

3 Simulation-based examination from a macroscopic 
point-of-view
The automated vehicle with the eco-cruise control is able 
to adapt to the surrounding vehicles, while their motion is 
not disturbed significantly. However, if there are a signif-
icant number of automated vehicles on the highway, they 
may have increased impact on the entire traffic flow. In 
this section a simulation-based analysis of the eco-cruise 
control vehicles on the mixed traffic with automated and 
human-driven vehicles is performed. 

In the research the traffic model and the measurements 
of a test network are built in the VISSIM traffic simulator.

In the architecture of the simulation environment guar-
antees the traffic model and the graphical interface. It is 
connected to the Matlab software through the Component 
Object Model, in which the eco-cruise control is imple-
mented. In the simulations two different ways of the refer-
ence vehicle speed selection are used. In the case of con-
ventional vehicles, the reference speed of the vehicles is 
equal to the speed limit of the highway. All of the con-
ventional vehicles received this information and set their 
own speed through a tracking control, see (Wiedemann, 
1974). In the case of the eco-cruise controlled vehicles the 
reference speed trajectory is computed in Matlab through 
the optimization task. The result of the optimization is 
the current reference speed, which is provided to VISSIM 
and applied in the tracking control. In VISSIM the high-
way section is divided into sections. The number of the 
lanes, the grade and the orientation are set in every sec-
tion. The topographic data and the trajectory of the high-
way are based on real values, which have been obtained 
from Google Earth.

In the demonstration example, a 20 km-long 3-lane seg-
ment of the Hungarian M1 highway between Budapest 
and Tatabánya is modelled in VISSIM, in which the ter-
rain characteristics (see Fig. 3) and the speed limits are 
taken into consideration. The speed limit on the sec-
tion is 130  km / h, although there is a 90  km / h limitation 
on the highway between 6–8  km segments. Using this 
model several simulations with different traffic inflows 
(500 veh / h ≤ qin ≤ 5000 veh / h with the sampling 500 veh / h ), 

κ  values κ ∈[ ]( )1 10 20 30 40 50%; %; %; %; %; %  are per-
formed. The motivation behind the selection of these vari-
ables and parameter is based on the characteristics of the 
fundamental diagram. In Németh et al. (2017) it is proposed 
that the fundamental diagram depends on κ .  Through the 
law of conservation and the fundamental relationship the 
dynamics of the traffic significantly depends on the char-
acteristics of the fundamental diagram and the inflow of the 
highway section. In the following some examples from a 
detailed analysis illustrate the impact of the automated vehi-
cles on the traffic flow.

3.1 Simulation examples for the impact of the 
automated vehicles on the traffic flow
In the first scenario the selected values are qin = 3000 veh / h 
and κ =1%.  Since there are low number of automated 
vehicles with eco-cruise control on the highway, the 
results of this scenario are close to the contribution of 
microscopic approach: the impact of the automated vehi-
cles on the entire traffic flow is negligible, the traffic flow 
volumes in all lanes are smooth, see Fig. 4(a).

The traction forces of the conventional and the auto-
mated vehicles are illustrated in Fig. 4(b), where the green 
points are related to the conventional vehicles, while the 
red points represent the traction force of the automated 
vehicles. The results show that the traction force values 
of the eco-cruise controlled vehicles differ from those of 
conventional vehicles. The automated vehicles are able to 
realize their optimal speed profile, which results in force 
reduction on the entire route.

In the second scenario the ratio of the eco-cruise con-
trolled vehicles is increased to κ = 20%.  Consequently, 

Fig. 3 Illustration of the M1 highway section; (a) Terrain characteristics 
of the highway section; (b) Sketch of the road
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there are a significant number of automated vehicles in 
the traffic flow, which results in a statistically increased 
number of interactions between the controlled and the 
other vehicles. The interactions (e.g. overtaking, decelera-
tion maneuvers) result in the modification of their optimal 
speed profile. Due to the adaptation of the vehicles to each 
other the automated vehicles have impact on the traffic 

flow. Fig. 4(c) shows that the traffic volume in the lanes 
significantly varies. E.g., in the outer lane the volume is 
reduced, which means that the automated vehicles more 
often travel in the outer lane.

The effect of the higher κ on the traction forces is illus-
trated in Fig. 4(d). It can be seen that the traction forces 
of the eco-cruise controlled vehicles are closer to those of 

Fig. 4 Scenario 1: qin = 3000 veh/h, κ = 1%, Scenario 2: qin = 3000 veh/h, κ = 20%; (a) Traffic flow 
volume (Scenario 1); (b) Traction force (Scenario 1); (c) Traffic flow volume (Scenario 2); (d) Traction 

force (Scenario 2)
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the conventional vehicles. Thus, due to the increased traf-
fic, not all of the eco-cruise controlled vehicles are able to 
guarantee the fuel-economy motion. It is in strong con-
nection with the increased number of vehicle interactions. 
Furthermore, the energy consumption of the conventional 
vehicles slightly decrease. Thus, in this scenario the auto-
mated vehicles have a low impact on the traffic flow: the 
speed profile and the traction force of the vehicles without 
eco-cruise control are not modified significantly.

In the third simulation scenario κ is increased to 50%, 
which has a more increased impact on the traffic flow. The 
traffic flow volume varies to the Scenario 1 in all lanes, espe-
cially in the outer and in the inner lanes, see Fig. 5(a). The 
traction forces of all vehicles in the traffic flow decrease, as 
shown in Fig. 5(b). This scenario illustrates that the energy 
consumption of the traffic flow can be influenced by using 
a high κ ratio. When the results are compared to the first 
scenario, which contains 99% conventional vehicles, the 
mean of the energy consumption of the conventional vehi-
cles decreases from 13.562 kJ to 13.468 kJ.

In the fourth scenario the impact of qin on the traffic 
flow is illustrated. It means that the inflow increases to 
qin = 5000 veh / h value, which represents rush hour traf-
fic. Fig. 5(c)-(d) presents the results of this scenario. The 
consequence of the rush hour traffic is the adaptation of 
the eco-cruise controlled and the conventional vehicles to 
each other, which results in the characteristics of the traffic 
flow volume. Since the motion of the automated vehicles 
is closer to the conventional vehicles, it leads to a slight 
increase in their traction force, compared to Scenario 2. 
Moreover, the motion of the conventional vehicles also 
varies, which results in their force reduction by 2.3% also 
compared to Scenario 2. Thus, in heavier traffic the eco-
cruise control has a significant impact on all the vehicles 
in terms of force requirement.

The average energy consumption of the vehicles is 
examined based on the results of the macroscopic simu-
lations, see Fig. 6. The results show that the eco-cruise 
controlled vehicles have lower energy consumption com-
pared to the conventional vehicles. Moreover, the energy 
consumption of the conventional vehicles decreases with 
the increase of κ and qin.

4 Contributions of the macroscopic simulations in the 
eco-cruise control
Automated vehicles have an impact on the entire traffic 
flow through their influences on the surrounding vehi-
cles. Due to the increasing ratio of the automated vehicles 

in the traffic flow, this effect has a cumulative property. 
Consequently, the function R1 must be designed to con-
sider the requirements on the traffic flow. In this section 
the results of the macroscopic simulations are summa-
rized and then, the contributions are built in the speed pro-
file design of the automated vehicles.

The following conclusions can be defined by using the 
impact of κ and qin on the traffic flow, see Section 3.

The increase in the traffic flow  can lead to the reduction 
of the traction forces of the conventional and the eco-cruise 
controlled vehicles simultaneously. However, it increases 
the traveling time of the vehicles due to the dense traffic.

If the ratio κ of the eco-cruise controlled vehicles 
increases, it is slightly disadvantageous for the motion 
of the eco-cruise controlled vehicles, but it improves the 
force reduction of the conventional vehicles.

The variation of qin and κ has benefits on the entire traf-
fic flow. It is necessary to find a balance between the con-
tradictory effects, which is achieved by the selection of 
R1, see (Gáspár and Németh, 2019). Since in the selection 
strategy of R1 various safety and economy requirements 
have already been incorporated (see Section 2), the effects 
of qin and κ are considered in the determination of R1,max. Its 
advantage is that the safety constraints of the eco-cruise 
control are not influenced by the modification of R1,max.

The appropriate selection of R1,max the effect of the high 
qin on the traffic speed can be reduced, because the speed 
of the automated vehicle is closer to that of the conven-
tional vehicle. As a result, the adaptation of the eco-cruise 
control vehicles to the conventional vehicles leads to an 
increase in the traffic speed. Furthermore, if κ has a high 
value, the motion of the conventional vehicle can be sig-
nificantly inhibited, which can be avoided with the limita-
tion of R1,max. The assumptions of qin and κ are formulated 
in a function, such as:

R qin1,max
, ,= ( )f κ 	 (3)

where f is an appropriately chosen function.
f depends on the current road section and the traffic 

requirements. Fig. 7 shows a polynomial function exam-
ple, which is generated through the numerical results of 
the simulation scenarios in Section 3. In the example func-
tion R1,max is formulated as a polynomial 5th order in  and 
2nd order in qin. The selection method of the parameters of 
the polynomial is based on the results of the macroscopic 
simulations. There are several combination of κ, qin and R1 
pairs which are proposed to be reference values for R1,max. 
Then, the parameters of the polynomial are calculated 
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based on least squares method, which guarantees that the 
resulting values of R1,max fit on the reference values. The 
function indicates that at low κ and qin values the high 
R1,max value is preferred, which results in saving energy. If 
κ or qin values increase, f is reduced. However, the inequal-
ity R N

1
0

,max
, ,> ∀κ  must be guaranteed to improve the 

energy efficiency of the traffic flow.

4.1 Simulation example on the automated vehicle
In the final simulation example, the automated vehicle 
travels along a 30 km long section of the German highway 
A8 between Ulm and Stuttgart. The terrain characteristics 
of the road are based on the data of Google Earth as it is 
illustrated in Fig. 8(a). The purpose of the simulation is to 
show that the variations of qin and κ are able to influence 
the speed profile of the vehicle through R1,max.

Fig. 5 Scenario 3: qin = 3000 veh/h, κ = 50%, Scenario 4: qin=5000 veh/h, κ=20%; (a) Traffic flow 
volume (Scenario 3); (b) Traction force (Scenario 3); (c) Traffic flow volume (Scenario 4); (d) Traction 

force (Scenario 4)
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The traffic flow at the entrance of the section is illus-
trated in Fig. 8(b). The simulation presents a scenario, 
which is the beginning of the rush-hour on the highway 
and the mean of the inflow volume increases continuously. 
The ratio of the automated vehicles on the highway section 
slowly varies in the simulation. The value of κ is updated 
in every 50 s as it is shown in Fig. 8(c). The values of qin 
and κ influence R1,max based on the previous rules, see its 
variation in 8(d). It has impact on the current speed of 
the automated vehicle (Fig. 8(e)). For example, between 
300 s ... 370 s the value of κ is decreased by approximately 
10%, which means that the eco-cruise control can prioritize 
energy saving. Thus, R1,max is increased, which enforces 
the reduction of the fuel consumption. The speed profile 
is adapted to the terrain characteristics, which leads to the 
slight reduction in speed. Moreover, qin also has impact 
on the speed profile. In the time sections 100  s ... 150  s 
and 800  s ... 850  s the ratio κ has the same value, while 
the mean of qin is increased with 1000 veh / h due to the 

rush-hour traffic. The avoidance of the significant traf-
fic volume reduction requests increased speed profiles at 
higher qin. Thus, R1,max must be reduced, whose reduction 
has the value around 0.07. It leads to 5 km / h ... 10 km / h 
increase in the speed profile, see Fig. 8(e).

5 Conclusions
In the paper the impact of automated vehicles using eco-
cruise control system on the traffic flow has been ana-
lyzed. The task is examined from both microscopic and 
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macroscopic point-of-views. Different simulation scenar-
ios are performed using the VISSIM traffic environment, 
in which the motions of the eco-cruise control vehicles 
and the conventional vehicles are traveling together. The 
volume of vehicles in the traffic network and the ratio of 
eco-cruise control vehicles in the traffic vary during the 
analysis. It is shown that these factors have significant 
impact on the traffic flow. Furthermore, an improved eco-
cruise control strategy is built into automated vehicles, in 
which their impact on the traffic flow is incorporated. The 
method guarantees an energy-efficient motion of the auto-
mated vehicles in the traffic, while an extreme variation of 
the traffic flow volume can be avoided.
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