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ABSTRACT

Nearly every town faces the traffic problem caused by the continuous increase of the traffic volume. Traffic col-
lapses, congestions, accidents and a further negative impact on the environment are gradually becoming a common
part of our lives. Junctions are the most critical points of the road network, which usually determine the capacity of
the roads. Therefore, proper traffic organization at junctions is a necessity. This paper analyses the actuated control
in comparison to the fixed control at a signal-controlled junction. It also includes a case study of one problematic
junction in this paper. With the help of microscopic simulation in Aimsun, 2 solutions for this problematic junc-
tion were assessed, one of which is fixed control and other is actuated control. Actuated traffic control gives better

results than fixed control.
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INTRODUCTION

In recent years, there has been a large increase
in individual transportation due to the rising living
standard and systematic economic preference of
individual car transportation. Hence, the road net-
work ceases to satisfy in terms of capacity and per-
meability. Traffic collapses, congestions, accidents
and a further negative impact on the environment
are gradually becoming a common part of our lives
[1, 2]. In smaller towns (up to 100 000 of inhab-
itants) poor traffic conditions can often be solved
with simple solutions such as reorganisation of
traffic, building roundabouts, traffic lights etc. Ev-
ery kind of solution has its advantages and disad-
vantages, e.g. Gavulova [3] evaluated the capacity
of roundabouts in Slovakia, Lizbetin [4] proposed
roundabouts in selected area in order to optimize
transport and logistics services. Mateen [5] pro-
posed architecture of Agent/Based Autonomous
Controller, whereas Culik [6] compared various
types of traffic organizations at a selected junction.

Traffic responsive control began to evolve
since the mid-1980s. Likewise, almost every new

or repaired signal-controlled junction is designed
with traffic responsive control. These junctions
are able to adapt the lengths and order of the green
phase to the current traffic situation and thus can
speed up crossing the junction, especially when
the traffic load changes [7].

Pribyl [7] compared static control, actuated
control and fuzzy control. Their results showed
that the fuzzy control and actuated control are
convenient for low traffic at the junction. Fuzzy
control gave 20% better results and actuated con-
trol gave 16% better results compared to static
traffic control. If the traffic increases, fuzzy con-
trol becomes less and less convenient. Moreover,
in the high traffic, the fuzzy control is even worse
than static control. Actuated traffic control al-
ways gave better results than static control, but
the higher the traffic volume was simulated, the
smaller the difference between static control and
actuated control was obtained [7].

Moreover, study [8] concluded that “Adaptive
Traffic Control System increases the traffic flu-
ency when compared with other static traffic con-
trol systems*. Very similar results were reported
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in [9], which says that actuated traffic controllers
perform better than static ones. It is important to
notice, that the public transport vehicles are also
affected by many external factors including traf-
fic volume, organization and infrastructure [10].
As traffic organisation has an impact on the fuel
consumption, in this way actuated traffic control
can decrease the emission of greenhouse gases.
Another way of decreasing these emissions is
described in [11, 12]. Moreover, actuated control
with the combination of video systems could lead
to increase of traffic safety [13].

ACTUATED TRAFFIC CONTROL AS AN
EFFECTIVETOOL FOR DECREASING
DELAY TIMES IN THE SLOVAK CITIES

If the largest Slovak cities, i.e. Bratislava
and KosSice are not considered, the number of the
signal-controlled junctions is relatively low, e.g.
there are only 25 signal-controlled junctions in
Presov (88,000 of inhabitants), or 12 signal-con-
trolled junctions in Zilina (80,000 of inhabitants)
etc. Many times, these junctions are controlled
separately or only in coordination with each other.
The traffic lights have fixed or actuated control.
Few years ago, no other “higher level” of control
was used. This situation has been changed to the
certain extent at presentm as towns try to priori-
tize the public transport. For instance, there is a
public transport priority system at the 9 signal-
controlled junctions in Zilina; Presov is also plan-
ning to implement such kind of traffic light con-
trol at its junctions. It is only the question of time,
when other Slovak towns will also implement this
“higher level” of control in their territory. Till that
time, fixed and actuated traffic control will be the
most common solutions in Slovakia. More and
more towns want to have signal-controlled junc-
tions with actuated control so it can be assumed
that the ratio between fixed and actuated control
will change in favour of the latter.

ASSESSING THE CAPACITY OF
JUNCTION WITH ACTUATED TRAFFIC
CONTROL IN THE SLOVAK REPUBLIC

Traffic capacity assessment in the Slovak Re-
public is carried out according to the technical regu-
lations or with the help of microscopic simulations.
Regarding the signal-controlled junction, technical
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regulations can assess only static traffic control.
There is no process, no formula for accessing actu-
ated traffic control in this technical regulation [14].

In the Slovak Republic Traffic assessment
with the help of microscopic simulation is usu-
ally carried out by means of VISSIM software.
The advantage of microscopic simulation is in its
clarity for all stakeholders, versatility, ability to
implement into the calculation of the influence of
the surroundings, etc.

Although microscopic simulation in VISSIM
enables to assess the junctions with actuated traf-
fic control, this option is not very often used in the
Slovak Republic. The experience from the capital
indicates that traffic capacity assessment is car-
ried out for the static traffic control. It is always
assumed that actuated traffic control can only in-
crease permeability of the junction compared to
static traffic control. Thus, if the junction with the
static control is capable of managing the expected
traffic volume, then the same junction but with
the actuated control is also capable of managing
the same traffic volume [15].

IMPROVING TRAFFIC WITH THE HELP OF
ACTUATED CONTROL - CASE STUDY

One of the problematic junctions in the Slovak
republic is located in the city of Martin. The junc-
tion consists of the road /65 and 111/2144 and is
situated about 4 km from the Bystricka village (see
Fig. 1 on left). Most of the active working popu-
lation commute to work to Martin. The junction
entrance from Bystricka- left turn (from D to B in
fig. 1) is very hard to drive through and also there
are long delays on the entrance to the village, espe-
cially in the morning peak hour [1]. The situation
on the junction is very bad and still not solved be-
cause the junction consists of the roads that do not
belong to Martin, although they are on the territory
of Martin. This kind of problem is described e.g.
in [16]. At present, Martin intends to build traffic
lights at this junction. Martin prefers building traf-
fic lights with actuated control to fixed control.

In order to assume the future situation at the
junction, a microscopic simulation in Aimsun
was carried out. Three variants were investigated:
1) Simulation of the current traffic situation at

this junction.
2) Simulation of the traffic lights with fixed control.
3) Simulation of the traffic lights with actuated
control.
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Fig. 2. Traffic volume at the junction (morning peak on the left, afternoon peak on the right)

The input data for the simulation were traf- The traffic volume was obtained from the
fic volumes at the sections, turnings of vehicles at  traffic survey of the University of Zilina on 17%
the junction, public transport lines, characteristics September 2019 (see Fig. 2). The survey was car-
of individual vehicles, calculated signal plans of  ried out according to the technical conditions 102
the junctions and designed adaptive control. [14]. It was carried out as manual traffic count
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Fig. 3. Number of vehicles in 5 minute intervals counted by Sierzega SR4

Fig. 4. Model of the current traffic situation (left: traffic flows accord-
ing TP102, middle: subpath no. 1, right: detailed view of the junction)

with the combination of automated traffic count
with the help of the Sierzega SR4 device. Sier-
zega SR4 was placed on the main road at the en-
trance A (see Fig. 1 on right).

The morning peak was between 7:15 and
8:15, when 1975 vehicles entered the junction, as
it can be seen in Fig. 2 on the left. The afternoon
peak was between 15:15 and 16:16, when 1810
vehicles entered the junction, as shown in Fig. 2
on the right. As it can be seen at Fig. 3, the vol-
ume of traffic changes dynamically in short time
periods, while the intensity during the day seems
to be relatively equal. This indicates that actuated
control could be a good solution for this junction.
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MODEL CREATION, CALIBRATION
AND VALIDATION

At the beginning, the model for the current
traffic situation was created. In order to obtain the
data outputs as similar to the outputs of calcula-
tions according to Slovak technical regulations as
possible, 12 subpaths were created in the Aimsun
model. Each subpath represents 1 traffic flow de-
fined in TP102 (see Fig. 4).

Calibration

The model was calibrated on speed at the en-
trance A. The measured data for this calibration
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Table 1. Validation of the model on number of simulated vehicles.

Traffic flow/ Si_mulated Standard deviation Measured data Difference Difference (%)
subpath vehicles (veh) (veh) (veh) (veh)
1 17 4 17 0 0,00%
2 681 31 679 2 0,29%
3 38 37 1 2,70%
4 7 7 0 0,00%
5 39 38 1 2,63%
6 155 13 156 -1 -0,64%
7 204 14 200 4 2,00%
8 549 19 554 -5 -0,90%
9 78 11 76 2 2,63%
10 114 1 113 1 0,88%
11 59 56 3 5,36%
12 43 42 1 2,38%
Sum 1984 1975 9 0,46%
Model calibration
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Fig. 5. Calibration of the model on speed at the entrance A

was obtained from the Sierzega SR4 device. (see
fig 5). Average speed of the vehicles in the model
was 46.08 km/h and average speed of the vehicles
counted by Sierzega was 45.54 km/h. The main
reason why the speed decreased also to 0 km/ h is
that vehicles coming from the main roads (arm A)
needed to turn left to the arm D. In this case, the
vehicles had to give way to the opposite vehicles
(from arm B). The second reason is that these
vehicles sometimes gave way to the vehicles be-
coming from side roads. Without this “friendly”
giving way, it would be very hard to pass through
the junction for the vehicles from side roads. In
the Aimsun model, this behaviour of vehicles was
achieved mainly by setting “Maximum Give Way
Time”. It can be seen that during 1 hour Aimsun
gave this kind of priority 6 times and Sierzega
showed that this occurred 4 times.

Validation

Validation was carried out by comparing the
number of the simulated vehicles and measured
vehicles. The maximum difference between the
number of the measured and simulated is 5 (see
Table 1.)

TRAFFIC LIGHTS

After calibration and validation of the traffic
model for the current state, the model for traffic
lights was created. The project of traffic lights
designed some adjustments for this junction
(see Fig. 6).

— Phase 1: min green: 21 sec, max green: 73

sec, extend detectors: D2 and D7,
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Fig. 6. The project of the traffic lights (on left) and traffic model of the traffic lights (on right)

— Phase 2: min green 8 sec, max green 18 sec,
call detectors: D1 and D5, extend detector
D6,

— Phase 3: min green 8 sec, max green 18 sec,
call detectors: D3 and DS, extend detectors
D4, D8 and D9,

— Phase 4: call detector — pedestrian calling,
min green §, max. green 18 extend, extend
detectors D4, D8 and D9.

Fixed control was designed according to tech-
nical regulations of the Slovak Republic TP102.

For the morning peak the parameters were de-
signed as follows: cycle length 80 sec, Phase 1:
42 sec, Phase 2: 14 sec, and Phase 3: 13 sec.

In turn, for the afternoon peak the designed
parameters were: cycle length 60 sec, Phase 1: 31
sec, Phase 2: 9 sec, and Phase 3: 9 sec.

As it can be seen from the figures 4 on the left
and figure 7, K1 is a combination of the subpaths
10, 11 and 12, K2 is a combination of the subpaths
8 and 9, K3 is the subpath 7, K4 is a combination
of the subpaths 4 and 5, K5 is a combination of
the subpaths 2 and 3 and K6 is the subpath 1.

The phases were designed as shown in Fig. 7.
Phase 1

Phase 2

Phase 3

TN

K5

& e

K1

Fig. 7. Phases for the fixed traffic control
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Phase 1 Phase 2

Phase 4 Phase 3

Fig. 8. Phases for the actuated control

Actuated control was designed for 4 phases,
the difference between phase 3 and phase 4 is
only green at pedestrian crossing (see Fig. 8).

RESULTS

Simulation of the current traffic
situation at this junction

Simulation of the present state confirmed very
high delays for the cars entering the junction from
Bystricka (entrance D, see Table 2). These delays
can be up to 10 minutes (601 sec) in the morn-
ing peak. Moreover, very high delays occur at
the direction C — D (from side road from Martin
to side road to Bystricka), where average delay

Table 2. Microscopic simulation results. Delay times.

time is up to 116 sec. The situation is also very
bad during afternoon peak. The delay times from
Bystricka are shorter compared to morning peak,
but still very long (up to 157 sec at average).
With the help of microscopic modelling of
current situation, it can be stated that the traffic
exceeds the capacity of an uncontrolled junction.

Simulation of the traffic lights
with fixed control

Simulation of the traffic lights with fixed con-
trol showed a significant decrease of the delay
times of problematic junction entrances. The delay
times from entrance D (from Bystricka) would be
much shorter and would be, on average, up to 46
sec (present state 601 sec). Additionally, entrance
C (side road from Martin) would have much short-
er delay times (up to 36 sec, present state 116 sec).
The only worsening compared to the present state
is at the entrance A (delay times could increase by
9 — 13 sec). However, this can be considered as a
common increase of the delay times, as the traffic
flow with all priority will have also red light.

From these results it can be stated that the
traffic lights with fixed control and designed ad-
justment of the junction could solve the bad traf-
fic situation at the junction.

Simulation of the traffic lights
with actuated control

As it was mentioned before, Martin prefers
building traffic lights with actuated control to

Morning peak Afternoon peak
Entrance TFIE:)f\:ilc Ul:r;glc;ntrglled Fixed control Actuated control Uncontrolled | Fixed control Actuated control
y time Delay time Delay time (sec) Delay time Delay time Delay time (sec)
(sec) (sec) (sec) (sec)

1 29 37 41 10 28 34

A 2 24 21 2 16 16

3 22 20 2 15 15

4 82 43 36 52 29 32

C 5 116 34 31 66 26 26

6 26 6 5 9 3 3

7 96 46 41 37 52 34

B 8 84 21 18 29 16 16

9 34 20 17 6 16 15

10 582 46 35 137 36 29

D 1 601 44 32 157 33 26

12 567 40 28 134 31 23
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Fig. 9. Comparison of the fixed control and actuated control (morn-
ing peak on the left, afternoon peak on the right)

fixed control. Fig. 3 showed that traffic changes
dynamically between every 5 minutes interval.
This indicates that actuated control could be con-
venient for this junction.

Microscopic simulation showed that the de-
signed actuated control at the junction can addi-
tionally decrease the delay times by 14% in the
morning peak and by 12% in the afternoon peak
(see Fig. 9 and Table 3). The most significant de-
creases can be noticed on side roads (up to 29%).
Traffic flow no. 01 indicates increasing of delay
times when actuated control is used. A detailed
look at microscopic simulations showed that this
increase is caused by the vehicles waiting on red
in row of vehicles of the traffic flow no. 02. As it
can be seen in Fig. 6, traffic flow no. 1 has own
lane for left turn to Bystri¢ka, but this lane is not

very long. When actuated control is used, phase 2
is only on call. Many vehicles waited in row dur-
ing phase 1 and activated phase 2 (detector 1) in
the time when phase 3 was in operation. Then they
had to wait the rest of phase 3 and the whole phase
1 till phase 2 was activated. When fixed control
was used, they did not have to wait this time.

CONCLUSION

Nearly every town has to face the problems
which results from constantly increasing traffic.
Properly designed traffic control at junction has
a significant impact on traffic fluency. Smaller
towns, up to 100 000 of inhabitants, usually can
solve these problems with simpler solutions such

Table 3. Decreasing of delay times with the help of actuated control for particular traffic flows.

Entance Traffic flow Morning peak Afternoon peak

01 1% 20%

A 02 -10% 1%
03 -10% -1%

04 -15% 10%

C 05 -10% 3%
06 -22% -4%
07 -12% -34%

B 08 -13% -3%
09 -14% -2%
10 -25% -20%
D 1 -27% -20%
12 -29% -25%
Total -14% -12%
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as uncontrolled junctions, roundabouts or signal
controlled junctions. When a signal controlled
junction is needed, actuated traffic control usu-
ally gives better results compared to fixed con-
trol. This has been proven in various studies [7,
8, 9] and this is also the case of the town of Mar-
tin. Microscopic simulation showed better results
for actuated control compared to fixed control by
14% during morning peak and by 12% during af-
ternoon peak. It is possible to assume that during
low traffic, the results would be also in favour of
actuated control.
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