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Abstract: This paper presents the importance of travel time researches in urban 

public transport. There were discussed the precision, scope and potential 

effects of the information, possible to get by different methods of 

measurements carried out with GPS receivers. Particular attention has been 

given to the author’s method of measurements. This method bases onto 

division of travel time (line or transport corridor) for detailed traffic 

processes: running time between two following stops, time of waiting for 

possibility of taking a position at the stop, alighting and boarding time and 

time of waiting for possibility to departure from stop. This kind of 

approach enables an overall evaluation of the public transport line quality. 

Application of the method was presented as an example of the public 

transport corridor in Cracow. 
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1. Introduction 

Operation of urban public transport requires constant quality control of provided 

services. It is only with complete knowledge about the condition of urban public 

transport when efficient continuous improvement activities can be carried out. For this 

reason, urban transport quality research should be conducted in a manner possibly 

continuous in order to enable evaluation of not only current quality indicators but also 

efficiency of measures taken [10]. The scope of measurements is diversified depending 

on the purpose of research results and intended accuracy of obtained data. Results of 

measurement may be used both for current evaluation of public transport system, 

verification of its offer, but also for planning future changes in line scheme [5]. Urban 

public transport quality measurements usually include [8], [11]: 

• registration of occupancy of urban transport vehicles, 

• measurement of duration of individual movement processes of urban transport 

vehicles on routes, such as: running time of a section between stops, travel time 

of transport corridor or the entire line, stopping time at stops, 

• measurement of punctuality and regularity of running, 

• registration of the number of alighting and boarding passengers, 
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• research of transport behaviours, 

• research of passengers’ preferences and satisfaction. 

Measurements can be carried out in determined points of network which usually are 

bus or tramway stops and in vehicles servicing a line. The first ones have application 

mostly in research of general nature or in corridor studies. They enable to obtain 

information about numerous vehicles crossing measurement points in a relatively short 

time, however data about vehicles location between these points are lost. What is more, 

they are also prone to observation errors as an observer has little time to register 

measured variables, which is especially difficult in case of vehicle occupancy 

registration, in particular when more than one vehicle approach a public transport stop 

at the same time.  

Whereas measurements carried out in urban transport vehicles allow to obtain 

accurate and reliable data on the change of vehicle location in time and space along with 

the size of passenger streams in a vehicle with an observer. Yet, they require 

involvement of a greater number of observers (in each vehicle) or engagement of 

advance measurement tools.  

If the measurements of travel time can be efficiently used to improve the quality of 

transport services and at the same time to increase attractiveness of public transport 

largely depends on the quality and precision of the taken measurements. Quality and 

precision of obtaining data is dependent on the measurement devices applied. Various 

kinds of meters (including the very accurate ones, radio controlled) can be used both for 

measurements at network points and in urban transport vehicles. Currently however 

GPS receivers are gaining greater application as they enable to precisely control 

location of urban transport vehicle in time and space. As opposed to standard 

measurements carried out with the use of meters, the GPS receivers ensure reliable 

operation and great precision of obtained results. 

2. Travel time measurements with application of manual GPS receivers 

GPS technology is nearly created for measurements on vehicles, while its application 

in stationary network points is hardly efficient due to the loss of information on vehicle 

location [5], [7]. Two main types of GPS receivers used in urban transport vehicles 

measurements can be distinguished: 

• stationary receivers ([3], built-in vehicle receivers), working without the need 

for an observer to interfere, being a part of vehicle equipment – useful for 

current, permanent registration of urban public transport system, particularly for 

schedule optimization, 

• manual receivers [2], manned by measurers who additionally take 

measurements of vehicle occupancy; particularly important in corridor research 

and for individual lines, mostly useful in case of searching the reasons of 

disturbances on the public transport lines or corridors. 

Measurements with the use of manual receivers usually require engagements of many 

people, yet especially in detailed research focused on reflecting movement processes 

they are as a rule more efficient than fully automated measurements (registering 

specified in advance scope of results). The greatest advantage of the latter in turn is 
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nearly unlimited scope of obtained up-to-date information on many lines, restricted 

exclusively by the number of vehicles equipped with the measuring devices. 

The paper focuses on the measurements carried out by observers equipped with 

manual receivers for road and sea navigation. Garmin GPSMAP62 receiver (also 

Garmin 60CSx, Garmin GPSMAP 62s) can serve as an example of such a device. It has 

a built-in button “mark” which can be used for marking all important moments and 

points of a journey (Figure 1). 

 

 

 

 

 

„Mark” button 

 

 Figure 1. Garmin GPSMAP 62 receiver [12] 

Each pressing of the “mark” button causes immediate registration of the indicated 

point in time and space. This point is called “WAYPOINT”. At this moment the number 

of indicated point is defined along with its geographical coordinates and current date 

and time (hour, minute, second). Application of this type of device for measurements in 

urban transport vehicles involves pressing the “mark” button at all previously defined 

essential moments of subsequent events on the line. The device allows to register time 

to an accuracy of one second, and to register distance to an accuracy of several meters. 

In case of settled routes it is fully sufficient. Example of information on the screen is 

shown on the Figure 2. 
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(WAYPOINT) 

 

 Figure 2. View of marked point on the screen of Garmin 60CSx receiver  
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What is important, thanks to regular connections with the satellite system, the 

probability of error of registration of moments and locations of events occurring on the 

route – is minimized. Exceptions are places of limited GPS signal reception, for 

instance in an area of intensive high urban development. In turn, the device’s work in 

tunnels is basically restricted only to registering time. Nevertheless – except metro 

systems – such places are very scarce in city transportation networks.  

Apart from the information registered with observers’ “clicks”, the device can 

automatically track route at time and space intervals set by the user [3]. On the basis of 

long experience it has been established that the most efficient registration is every 2 

seconds, which on the one hand is sufficient to estimate the vehicle velocity and at the 

same time does not burden the device memory unduly. 

3. Scope of information obtained during measurements 

High measurement precision offered by the GPS system is unluckily not always used 

appropriately. Still, in many cities measurements are limited only to the departure times 

from subsequent public transport stops.  

Such measurement method has been called traditional method. The result of 

measurements carried out in this manner are completion times of individual modules: 

“between stops section” – “stop” including running time and stopping time at the stop 

located at the end of this section, called: stop-to-stop travel time (Figure 3).  
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 Figure 3. Moments of time registered in traditional method 
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Hence, these are not running times, even though they are so frequently called in 

Polish conditions, which is often the reason for erroneous interpretations of 

measurement results. On the grounds of times of departure from stop, one can establish 

the time span between individual stops forming the basis for constructing time tables 

and the values of stop-to-stop speeds, as well as calculate punctuality and regularity 

indicators. It is however not possible to indicate reasons for potential disorders on a line, 

as the information about the time between departures does not give any insight into the 

structure of travel time between following stops – how much time of it is the running 

time and how much is dwell time. As a result it is difficult to estimate if extended time 

of module completion on a line is caused by difficult traffic conditions on a section or if 

it is the effect of exceeding traffic capacity of a stop or increased numbers of alighting 

and boarding passengers.  

Specification of traditional method is measurement involving registration of moments 

of opening and closing doors at bus stops. For the needs of this paper this method has 

been called opened door method (Figure 4).  
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 Figure 4. Moments of time registered in simple method 

From the perspective of an observer on a vehicle, such measurement is also easy to 

carry out; the moments of door opening and closing are easy to capture. Situation gets 

slightly complicated when door opening is induced by a passenger, then the basic 

principle needs to be followed – at each public transport stop, the moment of the first 

door starting to open is registered and the moment of the last door starting to close. 

Nevertheless, further doubts arise, how to specify the time between vehicle door closing 

and the moment of their subsequent opening at the next bus stop? It is not a “pure” 
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travel time as just after closing door the vehicle might still be at the stop for instance 

waiting for green signal (when stop is located nearside signalized intersection). A 

similar dilemma refers to the time between following registered moments of opening 

and closing door. It is not a “pure” dwell time as it is a common that buses stand with 

door open even though alighting and boarding have already finished. It seems that the 

most adequate term is “time of door opening” which, however, does not have any 

practical application. It can be acknowledged then that results obtained in such a way 

may serve to evaluate public transport line operations on a quite general level as they do 

not give any information about time loosing at stops. 

In the author’s method of conducting measurements with the use of manual GPS 

receivers an approach has been presented which is based on accurate registration of 

events occurring at public transport stops, excluding time of passengers alighting and 

boarding and also the remaining time a vehicle spends at the stop (Figure 5).  
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 Figure 5. Moments of time registered in author’s method 

In this method registration includes the moments of beginning and finishing of 

alighting and boarding passengers and also moments of departure from stops, which are 

registered independently from the moments of opening and closing of the vehicle door 

[1]. Additionally, registration also covers moments of stops just before the stops, in 

situations when a public transport vehicle is not able to take a position as the stop is 

occupied by another vehicle. Maximally, within one stop – four moments of event 

occurrences are registered and if a vehicle does not stop before the stop, these are only 3 

moments. Still, thanks to use of a device with built in “mark” button it is not 

troublesome. As a result of application of the author’s method, one can isolate: time of 
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waiting for the possibility of taking a position at the stop, dwell time (also called as: 

alighting and boarding time), time of waiting for the possibility to departure, and travel 

time of a section between two following stops. Such an approach entitles to draw 

binding conclusions on operation of a line and enables to identify the causes of potential 

disorders. Even if we have very detailed data, if it is needed, it is also possible to use the 

stop-to-stop approach, like in traditional method. 

In the extended author’s method, the group of moments registered at each stop 

includes additional moments of stopping and starting on the section (between public 

stop areas), for instance at the inlet of signalized intersection or in case of congestion at 

the section (Figure 6). 
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 Figure 6. Moments of time registered in author’s method 

It gives the possibility to isolate time losses of public transport vehicles at the 

following elements (sections, stops) of the line or corridor. Comparison of travel times 

with and without losses can be helpful in analysis of introducing separated tramway 

tracks or bus lanes and priorities for public transport vehicles in traffic lights. Such a 

measurement method gives more accurate description of public transport operation. 

Each measurement with participation of a human is at risk of errors. Most often they 

involve lack of “clicking” at a moment of occurrence of one of events, or too frequent 

marking events. Then results of automatic registration of vehicle trace come handy, 

thanks to them it is possible to complete the missing data (or removing excessive). The 

result of measurements is a set of public transport characteristics including duration of 

particular movement processes and reached velocities of a vehicle and transportation 
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velocities. It is also possible to calculate various quality indicators, including 

punctuality and regularity indicators [9]. 

4. Exampled measurement results 

Application of manual GPS receivers and the author’s method of measurement gives 

the possibility to carry out very precise analyses of public transport corridor or an entire 

public transport line. This is the only way to accurately diagnose potential problem 

causes on a line.  

Results of such studies form solid ground for taking specific actions. Nevertheless, 

due to the necessity to operate the device by a man, introduction of such research on a 

large scale is virtually impossible. In case of repeatable research it is necessary to install 

permanent receives, automatic, fixed in vehicles. In this chapter, the example of bus 

corridor evaluation is presented.  

4.1. Description of public transport corridor 

Trzech Wieszczów Avenue (shortly: ATW) is one of the most important transport 

corridors in Cracow. It is located on the western side of Cracow’s close city centre, as a 

part of the second urban ring road. This corridor has significant meaning for individual 

and public transport. For the purposes of the paper, there were taken into consideration 

only results from the part of this corridor, from stop “Nowy Kleparz” to stop “Jubilat” 

(Figure 7). 

 

 Figure 7. Public transport corridor: Trzech Wieszczów Avenue in Cracow 
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On the whole length of this part of corridor (2,4 [km]), right curb bus lanes were 

separated (both directions), but priorities for buses in traffic lights still in the planning. 

On the inlets of intersections, separated bus lanes are also used by all vehicles turning 

right. All stops are located far side signalized intersections, except stops “Grottgera” 

and “AGH” in South direction, located near side junctions. More than 40 urban buses 

(and about 70 private microbuses) use this corridor during one morning and afternoon 

peak hour, in one direction. 

4.2. Measurements’ results and their utility 

Measurements were conducted on average working days, in the morning period (6:00-

10:00 a.m.) in public transport buses operating at ATW, according to author’s method. 

Observers in vehicles (with GPS receivers) on every stop on the corridor have been 

marking moments of: 

• stopping just before the stop (only when all stop positions were occupied), 

•  start of alighting and boarding process, 

• end of alighting and boarding process (even if door are still open), 

• departure from the stop. 

As the result of measurements, large group of waypoints and additional automatic 

traces was gathered. Exampled measurement results from only one bus, were presented 

on the Figure 8 (short figure – detailed view from stop AGH). Waypoints are marked by 

blue flags, black lines consist of automatic locations measured automatically with 2 

seconds accuracy. 

In general, 33 journeys were registered in each of two directions. On the basis of 

marked waypoints, for every module, was possible to calculate [2]: 

• running time [s] (sometimes [min]) – defined as time interval between a bus is 

starting from one stop and stopping just before following stop, 

• time of waiting for possibility of taking a position at the stop [s] – defined as 

time between the moment of stopping just before the stop and the moment of 

start of alighting and boarding at the stop, 

•  alighting and boarding time [s] – defined as time period between two 

moments of start and end of alighting and boarding passengers, even if door are 

still open, 

• time of waiting for possibility to departure [s] – defined as time between the 

moment of end of alighting and boarding passengers to the moment of physical 

departure from the stop, 

• running speed [km/h] – is the average speed bus achieve from leaving one stop 

to arriving at the next one’s area, 

• stop-to-stop speed – defined as the average speed of travel between moments a 

bus leaves two adjacent stops (includes running time and dwell time at the 

second at the section). 
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 Figure 8. Example of measurement results collected by GPS receiver 

The analysis was stared from the point of view general information about the corridor. 

On this level of accuracy – the results achieved through the application of author’s 

method of measurement – are the same like in case of traditional method. Only 

moments of departure are used. Minimum and maximum and average values, standard 

deviations of running times and running speeds at several sections of the corridor are 

presented in the Table 1.  

Table 1. Stop-to-stop travel times and speeds at the selected ATW sections 

Section 
Stop-to-stop travel time [s] Stop-to-stop speed [km/h] 

Min Max Average St.dev Min Max Average St.dev 

Direction: “Jubilat” – “Plac Inwalidów” 

Jubilat – Cracovia 66 152 99 22 9,2 21,3 14,9 3,4 

Cracovia – AGH 60 142 98 23 12,9 30,6 19,7 4,6 

AGH – Pl. Inwalidów 89 195 128 22 11,3 24,7 17,6 2,9 

Pl. Inwalidów–Grottgera 58 216 97 33 6,0 22,3 14,8 4,3 

Grottgera – N. Kleparz 80 210 120 25 9,3 20,3 16,8 3,0 

Direction: “Plac Inwalidów” – “Jubilat” 

N. Kleparz – Grottgera 75 156 103 19 10,8 22,6 16,9 2,8 

Grottgera–Pl. Inwalidów 87 183 132 23 8,5 17,8 12,1 2,2 

Pl.Inwalidów – AGH 88 205 143 29 12,1 28,2 18,2 4,1 

AGH – Cracovia 62 143 99 20 11,8 27,3 17,7 3,6 

Cracovia – Jubilat 57 128 72 14 8,7 19,6 16,0 2,5 
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Although the benefits of bus lanes are commonly acknowledged, it could be seen, that 

on the analysed sections, stop-to-stop speeds are not satisfactory. Especially, on the 

stop-to-stop section “Grottgera” – “Plac Inwalidów” average stop-to-stop speed is only 

12,1 [km/h]. On the sections: “Jubilat” – “Cracovia” and “Pl. Inwalidów” – “Grottgera” 

is less than 15 [km/h]. Several standard deviations of stop-to-stop speed are bigger than 

4 [km/h] – they indicate a large dispersion of speeds. What are the reasons? What 

should the transport operator do to improve these results?  

Credible answer on this question is possible only on the basis of more detailed 

approach, taking into consideration specified division for four processes on every stop-

to-stop section. Basic characteristics of running times and running speeds at several 

sections are shown in the Table 2. Similarly, average values and standard deviations of 

processes take place in stops’ areas are presented in the Table 3. 

On the slowest stop-to-stop section “Grottgera” – “Plac Inwalidów”, running speed is 

only 18,2 [km/h], even though buses use separated lane. But also very long alighting 

and boarding time on the stop “Plac Inwalidów” (34 [s]) has strong influence onto very 

low stop-to-stop speed. Because it is very important transfer point on the map of 

Cracow, this stopping time should be accepted.  

Standard deviations indicate the occurrence of cases stopping buses just before the 

stops. At the bus stop “Pl. Inwalidów”, time of waiting for possibility of taking a 

position at the stop is the average of 5 [s]. This is too much, considering that such a loss 

of time are particularly criticized by passengers. On the other stops average values of 

time of waiting for possibility of taking a position at the stop are lower. Values of time 

of waiting for possibility to departure in some cases, are too long (8 [s]), while the 

acceptable value is 5 [s].  

Table 2. Running times and running speeds at the selected ATW sections 

Section 
Running time [s] Running speed [km/h] 

Min Max Average St.dev Min Max Average St.dev 

Direction: “Jubilat” – “Plac Inwalidów” 

Jubilat – Cracovia 42 94 67 19 10,6 29,9 22,5 5,4 

Cracovia – AGH 45 118 70 18 15,6 40,8 27,7 6,3 

AGH – Pl. Inwalidów 68 110 97 22 14,0 32,3 23,7 5,1 

Pl. Inwalidów–Grottgera 40 113 75 32 7,2 32,4 20,0 7,2 

Grottgera – N. Kleparz 65 115 93 23 11,2 28,2 21,9 4,3 

Direction: “Plac Inwalidów” – “Jubilat” 

N. Kleparz – Grottgera 51 140 76 20 12,1 33,2 23,5 5,2 

Grottgera–Pl. Inwalidów 56 131 89 20 11,8 27,6 18,2 4,2 

Pl.Inwalidów – AGH 67 164 113 27 15,1 37,1 23,4 6,3 

AGH – Cracovia 48 113 73 18 15,0 35,3 24,6 5,7 

Cracovia – Jubilat 31 71 49 12 15,7 36,0 23,8 5,3 
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Table 3. Stopping times at the selected ATW stops 

Bus stop 

Time of waiting for 

possibility of taking 

a position at stop [s] 

Alighting and 

boarding time [s] 

Time of waiting for 

possibility to 

departure [s] 

Average St. dev. Average St. dev. Average St. dev. 

Direction: “Jubilat” – “Plac Inwalidów” 

Cracovia 2 7 24 13 6 3 

AGH 3 9 21 11 6 4 

Pl. Inwalidów 5 9 20 8 7 6 

Grottgera 3 8 14 7 5 2 

N. Kleparz 3 7 18 7 8 7 

Direction: “Plac Inwalidów” – “Jubilat” 

Grottgera 1 5 18 6 8 6 

Pl. Inwalidów 1 7 34 13 8 6 

AGH 3 8 20 8 7 4 

Cracovia 2 6 18 7 7 5 

Jubilat 1 4 13 4 8 8 

However, values of dwell time are most often on the sufficient level, can therefore be 

conducted that small values of stop-to-stop speeds should be increased by improvement 

of traffic conditions on the sections. Especially – on the inlets of signalized 

intersections, by separating lanes for vehicles turning right, outside the bus lanes. 

5. Conclusions 

Thanks to the implemented in the author’s method, time stratification into its 

components it is possible to specify the actual strengths and weaknesses of a researched 

line or its part. Occurrence of instances of waiting for the possibility to drive into a bus 

stop may prove low traffic capacity of the bus stop or excessive number of vehicles 

using the bus stop. In turn long times of waiting for the possibility to departure from a 

bus stop (after finishing passenger exchange) may result from the location of a bus stop 

at an entrance to traffic light cross road and lack of priority in the traffic lights, or they 

might result from frequent cases of selling tickets by drivers (when ticket machines are 

not available). Low speeds of running of a given section (extended running times) may 

by evidence of significant influence of other vehicle traffic on the movement of public 

transport vehicles or too liberal time tables forcing slower driving despite favourable 

traffic conditions. Indicating the sources of disorders creates the foundation for 

implementing efficient means of improvement such as separated lane, introducing 

traffic lights priority or correction of time table. Even exchange of fleet may be the 

cause for shortening dwell times for the same sizes of passenger streams. However, any 

actions must be based on reliable information about line conditions. 
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