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1. 	 Introduction

The current trend of growing individual transport can be 
observed in central areas of Slovak cities where congestion, 
causing delays of passenger cars, as well as public transport 
vehicles arises during the peak hours. In the case of foreign cities, 
the problem of increasing intensity of individual transport is 
solved by introducing preferential measures for public passenger 
transport. Those measures contribute to the smooth movement 
of public transport vehicles on the urban infrastructure, higher 
speeds and travel time decreases. While maintaining the same 
interval at a line, the measures may also contribute to a decrease 
of a number of vehicles dispatched and thus to lower operating 
costs. This can be reflected in the level of fares, which are one of 
the important factors influencing the choice of transport means 
when travelling [1]. 

By introducing the preferential measures, it is possible to 
increase punctuality and reliability of the vehicles on lines. This 
is particularly essential in the case of integrated transport systems 
where the great emphasis is put on the coordination of individual 
transport modes [2]. Based on the above mentioned facts, it can 
be concluded that public passenger transport preference increases 
the efficiency of public transport and it significantly contributes 
to the attractiveness and competitiveness of public transport in 
comparison to individual transport.

Preferential measures can be divided into direct and indirect 
measures. The direct measures are directly linked to vehicles and 
roads. In general, they are further divided into physical/spatial 
measures, preference at signal controlled junctions and integrated 
measures combining the previous two [3], [4]. 

2.	 Determination of the delay extent of public transport 
vehicles at signal controlled junctions

As a  great emphasis is nowadays put on the speed of 
transferring, public passenger transport appears as a slower way 

of transport and thus less attractive from a  passengers’ point 
of view. This is affected by the nature of movement of public 
transport vehicles, which must stop at the stops; therefore, their 
average speed is lower compared to passenger cars. Another 
negative factor affecting the speed of public transport vehicles 
represents the time losses, a  significant part of which is caused 
by the delays at signal controlled junctions. The extent of such 
delays increases with increasing intensity of passenger cars and 
decreasing capacity of junctions [5], [6], [7]. In the case of 
the road sections with high traffic intensity, the junctions are 
integrated into the coordinated traffic management with regard 
to the main directions. However, this does not allow the vehicles, 
which stop at the stops located at the sections between junctions, 
to smoothly pass through the road network. As a  result, time 
delays arise [6], [8], [9].

The delay time at a  signal controlled junction consists of 
various forms of delays (Figure 1) [10], [11]: 
•	 Delay due to stopping at a junction (D

1
),

•	 Delay due to the time needed to approach and exit a junction; 
it also includes time of stopping at the junction (D

2
), 

•	 Travel time delay, which can be considered as the total value 
of the incurred delay (D

3
).

Figure 1 depicts the differences between the delay times 
relating to stopping at a junction, approach and exit the junction 
as well as the overall travel time delay for one vehicle crossing the 
junction. The desired vehicle path (position in time) and the actual 
vehicle path are shown in this figure. The desired path represents 
the situation when a vehicle smoothly passes through a junction at 
the desired speed without any deceleration i.e. without any delay. 
The actual path represents the case in which a  vehicle crossing 
a  junction must reduce its speed or stop completely and then it 
must again achieve the required (previous) speed [10], [11]. Thus, 
the overall vehicle delay (CZ

v
) can be expressed as the sum of the 

above mentioned partial delays:

CZ D D D D Dv 1 2 1 3 2= + - + -^ ^h h 	 (1)
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3.	 Evaluation of delays and a definition  
of the relationships to determine the time savings  
for passengers

By carrying out the road traffic surveys, 964 public transport 
vehicles passing through the signal controlled junctions were 
evaluated. The data were acquired by using people (counters) 
placed directly in public transport vehicles, as well as camera 
records, which were subsequently evaluated.  Measured delay 
times are shown in Figure 2.

The individual points in the graph (Figure 2) depict the 
delay time measured for each vehicle under consideration. The 
horizontal solid line represents the average value of delay which 
was calculated as the arithmetic mean of all measured values. 
Based on the results, it can be concluded that each vehicle crossing 
the signal controlled junction must stop for 28 seconds on average. 
However, it should be noted that the extreme values of delays were 
also included into the mean value calculation. For this reason, 
the median was also used to determine the average value. This 
resulted in the average delay of 20 s  (shown by the dashed line 
in Figure 2).

The above mentioned average values represent the average 
vehicle delay when crossing the junction. However, the values 
do  not take into account the change of traffic intensity during 
a  day. Assuming that a  higher traffic intensity during the peak 
hours causes higher vehicle delays, it was necessary to determine 
the average value separately for each considered time interval. 
For this reason, the delays were divided according to the periods 
in which they occurred (peak or off-peak hours). The results are 
shown in Table 1.

During the peak hours, the average value of delay calculated 
as the arithmetic mean was at the level of 30 s and the median 
represented 23 s. This average value was calculated based on 
622 recorded values of delays. During the off-peak hours, the 
average value of delays was determined at the lower level i.e. 24 
s (arithmetic mean) or 14 s (median). The calculated results are 
shown graphically in Figure 3.  

Based on the results obtained, it can be stated that the average 
time of delay increases with the increasing traffic intensity (from 
24 s  or 14 s  up to 30 s  or 23 s, respectively). This represents 
a  25 % increase of delay time. Taking into account median, the 
increase of the delay time during peak hours represents 64 % in 
comparison with off-peak hours.

  

The extent of individual partial delays is influenced by the 
driving technique, driver’s experience, and vehicle technical 
condition (this relates mainly to delay time labelled as D

2
). On 

the other hand, traffic intensity and junction capacity also have 
an impact on the delay time. As a  part of the research work, 
the extent of vehicle delays was determined by using the road 
traffic surveys in cities Zilina, Povazska Bystrica, Puchov and 
Prievidza [12], [13], [14]. The measurements were focused only 
on determination of the delay time at junctions, labelled as D

1
. 

Taking into account all the above mentioned facts, it is 
possible to pose the following research questions: “What delay 
time of public transport vehicles does occur at junctions? Is the 
delay extent significantly influenced by the traffic intensity on the 
road network?” Further, we assume that the delay time during the 
peak hours is at least 10 % higher compared to delays during the 
off-peak hours.

Time values of delays were determined based on the 
predetermined methodological procedure during the road traffic 
surveys. The survey distinguished between the vehicles crossing 
the junction without delay and the vehicles crossing the junction 
with a certain delay. Each vehicle that had to stop at the junction 
was considered as a delayed vehicle. Further, the time intervals 
between stopping the vehicle at the junction and its moving again 
was measured and recorded. The difference between those time 
values represented duration of the vehicle delay. In the case that 
a vehicle could not cross the junction during a single green phase 
and it had to stop several times, the delay times were measured 
unless the vehicle passed through the junction. Therefore, the 
delay D

1
 was determined according to the methodological 

procedure as follows:

D CR CZi i

i

n

1

1

= -
=

^ h/ 	 (2)

where:
D

1
 	– delay due to stopping at a junction,

CR
 	
– time recorded when the vehicle starts to move,

CZ
 	
– time recorded at the moment when the vehicle stops at the  
   junction,

n 	 – number of vehicle stops at the junction.

A  vehicle that slowed down due to the red signalling while 
approaching the junction but it did not stop was considered as 
a vehicle crossing the junction without delay. 

 

Figure 1 Diagram of the delay time measurement principle, [10], [11]
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delay. Let us assume that the delay time D
1
 can be considered as 

assumed time savings of one vehicle crossing the junction:

D U1 1= 	 (3)

D Uds ds1 1= 	 (4)

D Udse dse1 1= 	 (5)

If we further assume delay elimination by applying the 
public transport preference, the assumed time savings of vehicles 

3.1 Definition of relationships to determine time savings 
for passengers  

Based on the obtained results, it can be concluded that public 
transport vehicles reach relatively large time losses at signal 
controlled junctions, in particular during the peak hours. The 
25 % increase of vehicle delay time was recorded during peak 
hours compared to off-peak hours. It is possible to eliminate 
the mentioned time losses by introducing the public transport 
preference, which ensures that a  public transport vehicle 
approaching the junction triggers the green signal and then it 
passes through the junction without delay or only with minimal 

Figure 2 Delay times measured during road traffic surveys

Table 1 Delays of public transport vehicles during daily periods 

Measurement Number of considered values Arithmetic mean [s] Median [s] Mode [s]

All values 964 28 20 0

Peak hours 622 30 23 0

Off-peak hours 342 24 14 0

Figure 3 Comparison of delays during the peak and off-peak hours
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time D
1
 represents 0 s). This means that every vehicle crossing 

the junction is considered as delayed when calculating the time 
savings. However, this does not have to correspond to the real 
situation, especially during the off-peak hours. The mentioned 
statement is confirmed by the road traffic surveys, the results 
of which showed that a part of the vehicles passed through the 
junction without any delay (Figure 2). 

The average values of the delay time, calculated based on the 
previously mentioned procedure are at the higher level (Table 2), 
which results in the unrealistic value of time savings. Among the 
traffic survey results, we selected the vehicles that passed through 
the junction during the off-peak hours when the traffic intensity 
is lower. The reason for this was the assumption that the lower 
delays occur during that period or the vehicles passed through 
the junction without any delay during a single green phase (cycle). 

To eliminate the incurred error, it is possible to use 
coefficients, the value of which represents the percentage share 
of vehicles passing through the junction with delay during the 
peak and off-peak hours. The survey results showed that almost 
one third of the vehicles crosses the junction without stopping. 
By using the ascertained average delays and taking into account 
the vehicles with no delays, it is possible to calculate the assumed 
time savings according to the following formula:

PUV U PS p U PS p PPDR ds ds ds dse dse dse R1 1$ $ $ $ $= +^^ ^h hh 	 (8)

where:
p

ds
 	– 	coefficient expressing the proportion of vehicles crossing the  

	 junction with delay during the peak hours – 0.72, 
p

dse
	 – coefficient expressing the proportion of vehicles crossing  
	 the junction with delay during the off-peak hours – 0.66.

Based on Equation (7) for determination of the assumed 
time savings by using the value U

1
 and coefficients of the time 

savings, it is possible to calculate PUV
R
 according to the following 

formula:

PUV U PS k p PS k p PPDR ds ds ds dse dse dse R1 1 1$ $ $ $ $ $= +^ ^ hh 	 (9)
 

where the coefficients are as follows:
k

1ds
 – 	coefficient of the time savings during the peak hours – 1.03  
	 when applying the arithmetic mean and 1.06 calculated as  
	 median,

crossing the junction during the working days can be determined 
according to the following formula:

PUV U PS U PS PPDR ds ds dse dse R1 1$ $ $= +^^ ^h hh 	 (6)

where: 
D

1
 	 –	delay time of one vehicle when crossing the junction,

U
1
 	 – 	time savings of one vehicle crossing the junction  

		  regardless of the period during a day,
PUV

R
	–	assumed time savings of public transport vehicles per  

		  annum,
U

1ds 	
–	time savings of one vehicle crossing the junction during  

		  the peak hours,
PS

ds	
–	number of public transport vehicles during the peak  

		  hours per working day,
U

1dse
	 –	time savings of one vehicle crossing the junction during  

		  off-peak hours,
PS

dse 	
–	number of public transport vehicles during the off-peak  

		  hours per working day,
PPD

R
	–	number of working days per annum.

In the case that the values of assumed time savings, divided 
according to the period during a day (peak and off-peak hours) 
are not available and the average value of delay/time savings is 
calculated only based on all measured values, it is possible to 
determine time savings by using the coefficients, which take into 
account the daily periods. Coefficients were determined based 
on the results obtained from the road traffic surveys and thus the 
assumed time savings value can be calculated according to the 
following formula:

PUV U PS k PS k PPDR ds ds dse dse R1 1 1$ $ $ $= +^ ^ hh 	 (7)

where: 
k

1ds
 – 	coefficient of time savings during the peak hours is 1.07  
	 determined by using the arithmetic mean and 1.15  
	 calculated as a median,

k
1dse

	– 	coefficient of time savings during the off-peak hours is 0.86  
	 when applying the arithmetic mean and 0.7 calculated as  
	 a median.

Another possibility of determining the assumed time savings 
is that the vehicles that are not delayed when crossing the 
junction are not taken into account into calculations (the delay 

Table 2 Number of vehicles crossing the junction with or without delay and the average delay time 

Measurement Delay Number of considered values Parameter

All values

without (0 s) 291 Share – 30  %

with 673
Average delay 40 s

Median 34 s

Peak hours

without (0 s) 175 Share – 28  %

with 447
Average delay 41 s

Median 36 s

Off-peak hours

without (0 s) 116 Share – 34 %

with 226
Average delay 36 s

Median 29 s
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during the peak hours and 40 vehicles with the average occupancy 
of 20 passengers pass through the junction during the off-peak 
hours. One year is considered to include 250 working days. The 
results of time savings are shown in Table 3.

Values of the assumed annual time savings were determined 
separately for vehicles and passengers. To calculate these values, 
the relationships defined in the previous section were used. The 
values are also graphically shown in Figure 4. 

4.	 Conclusion 

The issue of public transport vehicle delays cannot be 
considered only as a delay of some vehicle at the junction but it 
is necessary to perceive the delay time mainly as the time losses 
of passengers.

Based on the survey results, it can be concluded that each 
public transport vehicle is delayed for 28 s  on average when 
passing through one signal controlled junction (or 20 s if applying 
a median). However, this delay time does not take into account 
the traffic intensity changing during the day. For this reason, 
the average values of delay time during the peak hours (30 s or 
23 s) and the off-peak hours (24 s or 14 s) were also calculated. 
Furthermore, the assumption that the delay time increases by 
more than 10 % during the peak hours was confirmed. The delay 
time during the peak hours increases by 25 % compared to the 
off-peak hours. When comparing the values calculated by using 
a median, this increase represents 64 %.

If we consider the average delay time as the assumed time 
savings and we use the relationships defined in this paper for 
the calculation, the assumed annual time savings for passengers 
will exceed 10 000 hours. Taking into account the average hourly 
salary, this can result in enormous financial losses. 

k
1dse

 –	coefficient of the time savings during the off-peak hours –  
	 0.9 when applying the arithmetic mean and 0.8 calculated  
	 as median.

At present practice, the determination of the benefit from 
introducing the preferential measures in public passenger 
transport usually includes only the calculation of time savings 
for the vehicles passing through junctions. However, the public 
transport preference is primarily introduced for current, as well 
as potential passengers, in order to shorten travel time spent 
by commuting, travelling to schools etc. The travel time plays 
an important role in a  decision-making process, and therefore, 
we recommend calculating the time savings with regard to 
passengers, as well, as follows:

PUC U PS PC U PS PC PPDR ds ds ds dse dse dse R1 1$ $ $ $ $= +^^ ^h hh 	(10)

where:
PUC

R
	–	assumed time savings for passengers per annum,

PC
ds

	 –	average number of passengers in a  public transport  
		  vehicle during the peak hours per working day,
PC

dse
	 –	average number of passengers in a  public transport  

		  vehicle during the off-peak hours per working day.
The assumed time savings for passengers can be determined 

also by using the previous Equations (7), (8) and (9) into which it 
is necessary to add the average number of passengers.

3.2 Application of the defined relationships

The assumed time savings can be calculated by using the 
mentioned relationships and under consideration of the following 
assumptions. During the working day, 120 vehicles with the 
average occupancy of 50 passengers pass through the junction 

Table 3 The assumed time savings of vehicles and passengers per a year

Indicators

Public transport vehicles Passengers

Arithmetic mean 
[hours/year]

Median  
[hours/year]

Arithmetic mean 
[hours/year]

Median  
[hours/year]

Assumed time savings (6) (10) 316.7 230.6 13 833.3 10 361.1

Assumed time savings (7) 316.6 230.6 13 821.1 10 361.1

Assumed time savings (8) 312.0 269.2 13 620.0 11 863.3

Assumed time savings (9) 313.2 269.2 13 680.0 11 871.7

Figure 4 The assumed time savings of vehicles and passengers
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of public transport preference. The most appropriate method 
is a  combination of spatial preference and preference at signal 
controlled junctions as well as introduction of the priority in 
driving for public transport vehicles.

By applying preferential measures, it is possible to eliminate 
delays and thus to provide significant time savings for vehicles, 
as well as for passengers. However, the preferential measures 
must be applied scrupulously in order to maximize the effects 
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