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 THE IMPACT OF ACTUATED CONTROL ON THE                
ENVIRONMENT AND THE TRAFFIC FLOW

Alica Kalašová, Ambróz Hájnik*, Stanislav Kubaľák, Ján Beňuš, Veronika Harantová
Department of Road and Urban Transport University of Žilina, Žilina 01026, Slovakia

In our paper, we have analyzed and compared fixed and actuated control at a chosen intersection, where we pointed 
out the importance of actuated control and its benefits. We have used traffic data from sensors in the roadway. The 
intersection was modelled in Aimsun, where we performed simulations. The research focused mainly on the impact of 
actuated control on the basic characteristics of the traffic flow, delay time and emissions. The outputs of simulations 
showed positive results of actuated control in all compared values. The environmental pollution topic is up-to-date 
and road transport has a significant impact on it. Furthermore, we want to continue with our research to investigate 
the impact of speed changes on emission production and the smoothness of the traffic flow under fixed and actuated 
control.
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INTRODUCTION

Road transport is still the most attractive mode of trans-
portion for majority of the population. The increasing flow 
of vehicles causes many issues, including congestion 
of traffic, noise pollution, accidents, longer travel times, 
etc [1-5]. Road network expansion is slow and often not 
possible [6]. Therefore, it is necessary to look for other 
solutions to ensure smooth and sustainable transport. 
A major problem of the road network is intersections - 
points where several traffic flows meet [7,8]. It is vital to 
enable actuated control (intelligent traffic management) 
at signal-controlled intersections, which will allow the 
maximum number to pass through and reduce the de-
lay time. There are several ways to solve the well-known 
traffic issues within cities. Increasing preference for pub-
lic transport is the first solution to current traffic issues. 
This preference means prioritizing public transport over 
individual automobile transport (IAT). For example, it is 
the preference at signal-controlled intersections or in the 
form of traffic signs (bus lane). However, this does not 
solve the problem with the growth of vehicle convoys, 
[9,10]. On the other hand, if more people were willing 
to switch to public transport from IAT, traffic becomes 
smoother (the volume of emissions produced will de-
crease as a direct result of the reduction of vehicles on 
the road) [11-13]. The preference is necessary to ensure 
the attractiveness of public transport [14]. Also, electrifi-
cation is an important way to increase the attractivity of 
public transport and reduce its negative impact on the 
environment [15,16]. In addition to public transport, it is 
necessary to build and maintain infrastructure for pedes-
trians and cyclists since they help reduce the number 
of vehicles [17]. The second way to solve the problem 
is widening roads (both increasing the number of lanes 
as well as building new roads), building multi-level inter-
sections and city bypasses that divert transit traffic out-
side the central part of cities or outside cities in general 

[18,19]. Though this is an effective solution because it 
is a very expensive one it is often viewed as unfeasible 
[6,20]. The third way is dynamic optimization of traffic 
management (actuated control). For example, enforcing 
a control system using light signalling devices at inter-
sections. Traffic management is the crucial way for the 
efficient managing of transport at intersections and roads 
in cities [22]. Actuated control is an effective way to man-
age intersections in many parts of the world [23-26]. 
"The key to ensuring the effectiveness of actuated con-
trol lies in the capability of timely updating the signal 
timing parameters responding to actual arrivals at en-
trances of the intersection. Conventionally, this can be 
achieved by adjusting actuated control parameters" [21]. 
These parameters include adjusting maximum pedestri-
an waiting times, cycle length, gap times, detector loca-
tions and minimum/maximum green time [27,28]. On one 
hand, there are various principles when optimizing traffic 
signal timing by combining data from connected vehicles 
on the loop detector data [29], using trajectory data of the 
connected vehicle [30], the floating car data [31]. Howev-
er, there are not enough connected vehicles in real-time 
traffic to collect adequate traffic data. Currently, it is pos-
sible to gather real-time data on urban traffic via sensors, 
detectors or mobile apps [32,33,6]. This data along with 
calculation methods can assist in significantly improving 
the dynamic of traffic management [34-41]. Various intel-
ligent traffic solutions are advancing in the world. These 
include intelligent transport systems and traffic manage-
ment data, which use the Internet of Things to improve 
transport and thus provide higher living standards to its 
people [42]. The study in Thessaloniki describes the in-
tegration of an intelligent transport system (ITS) "in ur-
ban mobility management with an achieved goal of bal-
anced (“sustainably smart”) use of transport networks, 
in compliance with the principles of sustainable urban 
mobility" [43]. Artificial intelligence is a way to manage 
traffic efficiently to ensure smooth traffic flow. At present, 
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there are several intelligent traffic management solutions 
and systems that are achieving positive results. One of 
these solutions is dynamic traffic management. Another 
solution is actuated control at intersections, ex. imple-
menting dynamic speed limits (DSL). These speed limits 
are mainly used on motorways [47] and ensure smooth 
traffic flow reducing traffic accidents, environmental con-
ditions, etc. [44-46]. The study [48] describes ITS solu-
tion of dynamic traffic management - the green naviga-
tion system. It helps drivers save fuel as well as have 
a positive impact on the environment (reduce pollution). 
A necessary prerequisite for the creation, implementa-
tion, assessment and subsequent optimization of ITS is 
traffic data. Traffic data includes collection information 
on the flow, speed, density, vehicle category, weather 
conditions, traffic accidents, etc. Smart and sustainable 
mobility systems are part of a smart city concept. They 
help to reduce the negative impact of transport [49,50]. 
Therefore, it is also important to support these low-emis-
sion systems in cities. [51]

MATERIALS AND METHODS

Actuated control systems began to develop in the mid-
1980s. At present, it is possible to find a signal-controlled 
intersection with actuated control in almost every town in 
Slovakia. As part of the research, we chose a signal-con-
trolled intersection in the town of Ružomberok (see Fig. 
1). Data at hourly intervals (24 hours) was provided to us 
by the company managing this intersection.

a) b)

Figure 1: Intersection – (a) Location in Ružomberok and  
(b) Detail of intersection [52]

The intersection is part of the main route that connects 
eastern and western Slovakia. A total of 40,551 vehicles 
were recorded at the intersection over the span of 24 
hours. The highest flow of vehicles entered the intersec-
tion between 15:10 and 16:10 - 2,763 vehicles. The low-
est flow of vehicles - 180 vehicles - entered the intersec-
tion from 02:10 to 03:10. In the following figure 2, you can 
see the routing of individual traffic flows and the number 
of vehicles for each of them. These numbers are in units 
"veh/h" (vehicles per hour). For our research, we used 
Aimsun, a traffic modelling software developed by TSS - 
Transport Simulation Systems. It is used to improve the 
smoothness of traffic flow along with reducing emissions 
and congestion, etc. Aimsun is based on the Gipps safe 
distance model, which consists of 2 conflicting  accel-
eration and deceleration requirements. Acceleration is a    

requirement of a vehicle to reach a given speed in a giv-
en section of road. However, this requirement is affect-
ed by the restrictions imposed by the previous vehicle. 
[53,54]. Aimsun simulated the emission values based on 
a study by Panis et al. (2006) [55]. Aimsun allows traffic 
planners the:
1. Ability to accurately represent the geometry of the

road network.
2. Detailed modelling of individual vehicles behaviour.
3. Definite reproduction of traffic management plans.
4. Output of the simulation runs - 2D and 3D anima-

tions, graphs, tables [56].
The basis for traffic planning and modelling is the analy-
sis of traffic flow data. Traffic modelling, whether micro-
scopic or macroscopic, is an effective method of assess-
ing and examining the current state in order to provide 
possible reccomendations or solutions for improvement. 
The traffic flow is usually analyzed from two perspectives 
mentioned above - macroscopic and microscopic model. 
[53,57-60].

RESULTS

Figure 2: Routing of vehicles throughout the intersection 
[authors]

The research conducted aimed at comparing the current 
state of the intersection by using fixed and actuated con-
trol variables. This intersection was modelled on a map 
background in Aimsun (see fig. 3), where we also insert-
ed an origin/destination matrix of a peak hour (see Table 
1), created a signal plan and detectors on entrances at 
the intersection. 

A B C D
A - 661 111 7
B 601 - 138 162
C 120 117 - 40
D - 136 96 -

Table 1: Origin/destination matrix [authors]
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Figure 3 The modelled intersection in Aimsun [authors]
In Aimsun, 10 simulations were performed of the fixed 
control at the given intersection. An average of these 
simulations was gathered. Similarly, another 10 simula-
tions were performed for the actuated control, and  the 
average was gathered. Aimsun used detectors on all 
entrances for actuated control . The following figure 4 
shows the simulation in 2D and 3D view. All simulations 
were created during the span of 1 hour (peak hour). We 
have determined the peak hour (15:10 - 16:10) based on 
available data.

Figure 4: Simulation in Aimsun – (a) 2D view and (b) 3D 
view [authors]

a) b)

We were able to compare fixed and actuated control us-
ing calculated averages for both control methods. The 
produced emissions (CO2, NOx and PM), speed, flow 
and density were compared for cars, trucks and buses. 
The data gathered demonstrates positive results of actu-
ated control in all comparative values (see Table 2). The 
green percentage values demonstrate the improvement 
of the given value for actuated control. Based on the re-
sults, it is clear that actuated control is the most efficient 
and environmentally friendly way to manage intersec-
tions. On one hand, it has a positive impact on the basic 
characteristics of traffic flow to ensure smoother traffic. 
On another hand, it has a positive impact on emissions 
production and thus on the environment.

Flow 
(veh/h)

Density 
(veh/km)

Speed 
(km/h)

CO2 
(g/km)

NOx 
(g/km)

PM 
(g/km)

Car

Fixed 1 553,1 14,53 20,67 505 777,1 4 233,69 155,24
Actuated 1 578,1 8,05 27,57 444 168,8 3 238,16 135,45

Difference +1,6% -44,6% +33,4% -12,2% -23,5% -12,7%

Truck

Fixed 454,5 4,43 18,79 125 231,9 1 167,64 35,69
Actuated 471,3 2,64 25,23 111 081,3 907,12 31,03

Difference +3,7% -40,4% +34,3% -11,3% -22,3% -13,1%

Bus

Fixed 176,2 1,8 18,69 46 648,82 453,64 12,67
Actuated 177,8 0,98 24,76 39 005,66 327,16 10,23

Difference +0,9% -45,6% +32,5% -16,4% -27,9% -19,3%

Table 2: Comparison of fixed and actuated control for cars, trucks and buses [authors]

The delay time was also compared for both control meth-
ods. In figure 5, you can see the delay times for all road 
sections in colour and numbers. Some numbers overlap 
because we had to create several short road sections 
during modelling. Nevertheless, it is possible to see co-
lour differences in the delay times of both fixed (left) and 
actuated control (right). In both cases highest delay time 
was at entrance D. However, it is important to note that 
the actuated control, was lower by almost 250 s - a re-
duction of approximately 85%.

a) b)

Figure 5: Resulting delay times for fixed (left) and actu-
ated control (right) [authors]
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As mentioned above, the delay time decreased by al-
most 85% at entrance D during actuated control at the 
given intersection. Figure 6 shows the course of the av-
erage values of the delay time for all vehicle categories 
at this entrance in both fixed (yellow) and actuated (blue) 
control.

Figure 6:The course of the delay time at the entrance 
D – fixed and actuated control [authors]

Results at the Entrance D

The following figures 7 - 9 show a comparison of the 
fixed and actuated control variables for the basic char-
acteristics of the traffic flow at this entrance. It is best 
to see what changes brought by the actuated control at 
the intersection. These are average values for all vehicle 
categories together (car, truck, bus). Values are given for 
10-minute intervals (e.g., 15:10 - 15:20, 15:20 - 15:30, 
etc.). The course of the average speed is shown in Fig-
ure 7. The speed reached higher values during actuated 
control in comparison to fixed control. Thus, it can be 
said that the traffic flow was smoother during actuated 
control when the highest average speed at the entrance 
D was 12.94 km/h and the lowest was 10.71 km/h. In the 
case of fixed control, the highest value was 1.42 km/h 
and the lowest was 1.36 km/h.

Figure 7: The course of the average speed at the en-
trance D – fixed and actuated control [authors]

The flow also reached higher values in the case of actu-
ated control (blue colour). At entrance D, the maximum 
flow was 258 veh/h in the interval 15:40 - 15:50 during 
the simulation (15:10 - 16:10) with actuated control. With 
fixed control, the maximum was almost 209 veh/h (15:50 
- 16:00). The course of the average flow is shown below 
in Figure 8.

Figure 8: The course of the average flow at the en-
trance 

D – fixed and actuated control [authors]
Figure 9 shows the density course during actuated (blue 
colour) and fixed control (yellow colour). In this case, the 
actuated control reached lower density values, which 
is a favourable result. The total average density value 
was 29.2 veh/km. With fixed control, the overall average 
density was 141.37 veh/km.  Actuated control achieved 
approximately 79% lower average density than fixed 
control.

Figure 9: The course of the average density at the  
entrance D – fixed and actuated control [authors]

Furthermore, we also investigated the impact of actuated 
control on the environment in terms of produced emis-
sions (CO2, NOx and PM) in comparison to fixed control 
Fig. 10 shows the course of the average values of CO2 
produced during the simulation for the fixed (yellow co-
lour) and actuated (blue colour) control. The fixed control 
had a maximum of 146 687.04 g/km in the interval 15:50 
- 16:00. Whereas, the actuated control had a maximum 
of 62,606.15 g/km in the interval 15:40 - 15:50, which 
represents a decrease of approximately 57%.

Figure 10: The course of produced CO2 emissions at 
the entrance D – fixed and actuated control [authors]
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The highest average value of NOx emissions produced 
was 2289.19 g/km in the interval 16:00 - 16:10 during the 
fixed control (Fig. 11). In the case of actuated control, the 
maximum was in the interval 15:40 - 15:50 - 629.24 g/
km, which represents a difference of approximately 73% 
compared to fixed control.

Figure 11: The course of produced NOx emissions at 
the entrance D – fixed and actuated control [authors]

The course of the average values of produced PM is 
shown in Figure 12. The maximum value of produced 
PM under fixed control was 46.23 g/km in the interval 
15:50 - 16:00. During the actuated control, the maximum 
of 23.50 g/km was reached in the interval 15:40 - 15:50. 
The difference between these maximum values is ap-
proximately 49%.

Figure 12: The course of produced PM at the entrance 
D – fixed and actuated control [authors]

DISCUSSION

At present, new and innovative solutions are being pro-
posed to ensure efficient and sustainable transport. 
These solutions are designed based on available traffic 
data (number of vehicles in congestion, speed, density, 
flow, etc.). The availability of real-time traffic data is a 
prerequisite for a suitable solution to improve the current 
situation. IoT significantly helps to collect that data and 
propose suitable solutions. Sensors/detectors are the 
basis of actuated control and used in several transport 
systems. The traffic data collected at the various inter-
sections are analyzed to ensure intelligent traffic man-
agement [61-63]. We have modelled the intersection and 
performed several simulations in Aimsun. Then, an aver-
age was calculated from the outputs. Thus, we obtained 
the results that are described in the previous chapter. In 
Chapter 3 - Results, Table 2 shows the resulting com-
parison of actuated and fixed control for the intersection. 

The results show that actuated control had a positive im-
pact on the basic characteristics of the traffic flow (speed, 
flow and density) as well as on the emissions produced 
(CO2, NOx and PM). The flow increased on average for 
all vehicle categories by 2.1%. Vehicle density has de-
creased by more than 40% for each category and as a 
result speed increased by more than 30% for all vehicle 
categories. As mentioned previously, actuated control 
had a positive impact on the environment. CO2 produc-
tion of all vehicle categories decreased on average by 
13.3%, NOx production by 24.6% and PM production 
by 15% compared to fixed control. Figures 6-12 shows 
a comparison of all investigated values at entrance D. 
There were achieved the largest delay times during fixed 
control. We chose this entrance for the most significant 
impact of actuated control. A reduction in the delay time 
of up to 85% was achieved at this entrance. When com-
paring the highest average speed values, an increase of 
more than 800% was achieved during actuated control. 
The flow increased slightly and the density decreased on 
average by more than 79%. The CO2 emissions were 
reduced by more than 61%, NOx by more than 75% and 
PM by more than 54%.

Figure 13 Produced CO2 emissions – fixed and actuat-
ed control [authors]

Figure 13 shows a comparison of the CO2 emissions 
produced at the intersection for all vehicle categories 
together. During simulations with actuated control, we 
achieved a reduction in CO2 emissions of more than 
12%.

Figure 14: Produced NOx emissions – fixed and actuat-
ed control [authors]
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A comparison of the NOx emissions produced at the 
intersection for all vehicle categories together can be 
seen in Figure 14. Using actuated control, we achieved 
a reduction of more than 23% in the NOx emissions pro-
duced.

Figure 15: Produced PM emissions – fixed and actuat-
ed control [authors]

Figure 15 shows a comparison of the PM produced at 
the intersection for all vehicle categories. During simu-
lations with actuated control, a reduction of more than 
13% of PM produced was achieved. The achieved re-
sults show that the implementation of actuated control 
at signal-controlled intersections has a positive impact 
on the basic characteristics of the traffic flow as well as 
the environment. Environmental pollution and ways to 
reduce this negative phenomenon are topical problems. 
Transport has a great negative impact on the environ-
ment. Therefore, it is vital to look for solutions to reduce 
this impact. In our research, we compared fixed and ac-
tuated control not only in terms of environmental impact 
but also in terms of impact on traffic flow. In both cas-
es, we have achieved positive results and it is possible 
to conclude that the implementation of this control at all 
signal-controlled intersections can be a great benefit to 
road transport. There are still many intersections in Slo-
vakia that are not managed based on the current traf-
fic situation. Several studies describe actuated control 
at intersections from different views and compare them 
with fixed control. The study [63] describes the results 
of reduced delays and travel times by 36% and 17%, 
simulteanously. According to the study [65], the authors 
describes a 5 % reduction of delays and stop times. Also 
noted is a reduction of vehicular delays by 5-15 %. In 
the study [66], the authors developed CAPACITEL (a 
new mesomodel). They obtained a reduction in vehicle 
and bus delays in comparison to Akcelik (29% and 22%) 
and Webster (39% and 53%). However, these studies do 
not compare actuated and fixed control in terms of envi-
ronmental impact. Several studies deal with emissions 
production at signal-controlled intersections. According 
to the study [67], traffic lights cause an increase in CO2 
emissions because of traffic jams created during the red 
lights. A further increase in CO2 emissions is noted when 
the light turns green and vehicles begin to accelerate.
In addition to actuated control, it is possible to dynam-
ically manage traffic in the form of the DSL systems    

(see Introduction). These systems can help reduce con-
gestion and ensure a smoother traffic flow. According 
to the study [68], the investigated DSLs on motorways 
in Flanders (Belgium) helped to reduce injury crashes 
(18% reduction). Transport is one of the biggest polluters 
of the environment. Therefore, it is necessary to not only 
influence the production of pollutants through actuated 
control but also by supporting vehicles with an electric 
propulsion or other ecological energy sources (eg hydro-
gen, biofuel). Also, it is important to support smart mobil-
ity solutions. We want to continue our research by taking 
into account the impact of speed on fixed and actuated 
control - how increased or decreased vehicle speed will 
affect the flow of traffic and the impact on the environ-
ment.

CONCLUSIONS

Real traffic at intersections is a sophisticated phenom-
enon with several traffic participants. In fixed control 
methods, the systems operate on several predetermined 
signal plans. Traffic changes are not considered in such 
controlled situations. Therefore, the performance of this 
control under variable traffic conditions is inefficient. Ac-
tuated control systems are used to overcome this prob-
lem. Changes in green signal length and phase order 
can be dynamically updated. This provides the flexibility 
to increase the capacity and smoothness of the traffic 
flow at intersections as well as minimize time spent at 
traffic stops by all traffic participants. At present, great 
emphasis is placed on the impact on the environment. 
Thanks to the ensured smoothness of traffic, it is possi-
ble to achieve a reduction in emissions. Our simulation 
results also brought us positive results in terms of emis-
sions produced, where we compared fixed and actuated 
control at the intersection. Based on the results achieved, 
actuated control must be gradually implemented at all 
signal-controlled intersections, thus reducing emissions 
and increasing traffic flow.
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