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Abstract: One of the main problems of planning urban public transport systems is the 
calculation of demand. The simplest way to solve this problem is to 
perform a detailed passenger counting and questioner. Through the project 
“Új Magyarország” TIOP 1.3.1 the Department of Transport at the 
Széchenyi István University has got a new complex system to support 
passenger counting and passenger surveys. This article summaries the need 
for such a system, the operation and the first experiences with it. 
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1. The importance of the calculation of passenger demand for planning 
public transport 

Nowadays because of congestion and pollution caused by the rising share of private 
transport the need for an alternative form of mobility is higher than before. Such an 
alternative form of mobility is public transport. Public transport can only be a real 
alternative, competing against private transport if it is well organized as well as servers 
demand on an appropriate level and has long-term sustainable operation. 

Public transport has nowadays dual roles. The primary task is to ensure the basic 
mobility for those who have no other transport option (captive riders). However, in 
addition to this public transport has to offer a competitive alternative to private transport 
for those who have possibility to choose between modes (voters). [3] 

To fulfil the first task (basic mobility) there is a need for a minimal level of service on 
a reasonable price level but to serve task two (competitive alternative) it has to perform 
an optimal level of service. 

Difficulty of public transport system's planning lies on the problem that to plan both 
level of service there is a need for knowledge on both demand segments (captive riders, 
voters) travel demand in time and space. It can be said that the cornerstone of planning a 
public transport system is the knowledge of travel demand. Without this knowledge 
even the smallest measure on a public transport system is only the result of a guessing 
and the effect caused by this measure cannot be forecasted. [4] The methods for 
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discovering travel demand are naturally long time known [5] but their use is only 
limited possible. 

There are several well known methods to explore travel demand. Such a method is 
passenger survey or the application of a “check in - check out” e-ticketing system. 

The application of an e-ticketing system for this purpose provides very accurate and 
detailed day after day time-varying data. Contrary to this the establishment of such an e-
ticketing system is very costly especially for smaller bus operators. 

In contrast to this to organise a passenger survey is possible only temporally while it's 
human resource and financial requirements are high. In addition to this the reported 
results are not always detailed and reliable enough since sufficiently large and 
representative sample is very difficult to produce even if it is needed in several time 
period of the day. [1], [4] 

A possible method to at least partially eliminate these problems is the application of 
an IT system based complex counting and survey system. 

2. Difficulties with traditional surveying and counting methods 
The most obvious way to determine travel demand is to equip questioners with pre-
printed formulas. For many years this method has been the most common way to 
discover travel demand. If the aim of a study not only quantitative (cross-section 
counting) or qualitative (origin-destination survey) but both then we have to face more 
difficulties. 

2.1. Cross-section passenger counting 

To study a local public transport system the questioners has to travel on the busses; it means 
2-3 people per vehicles. It resulted in 80-100 persons for a shift in a small city with 30-
50.000 inhabitants. It means that such a study requires about 200 employees for a one day 
counting. Their task is to determine the number of passengers boarding and alighting in 
every stop through the whole day. To perform this task all of them get a set of sheets related 
to the number of runs they have to count. They have to count averagely 20 runs it resulted in 
800-1000 sheets for the whole crew for one day. If the preparation was sufficient they got 
their set of sheets in the right order. However given the fact that they have to work with these 
sheets on a moving vehicle they are not able to do other tasks, therefore they are spending a 
significant proportion of their working time idle travelling between stops. 

After completing the counting the fulfilled sheets has to be collected than ordered and 
finally type in into a database in a computer. 

2.2. Origin-destination survey 

Discovering travel demand's structure in time and/or space passengers has to be 
questioned. Classical method for this task is the use of pre-printed questionnaires by 
questioners, where questioners reading the questions and writing the answers manually. 
The method is very simple but to organize and carry out is not. To have sufficiently 
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large and representative sample lot of passengers has to be questioned. [2], [6] It means 
for a small city up to 2-3 thousand passengers to be questioned (due to need for some 
reserve up to 3-4 thousand questionnaires may be required). To work on a simple 
questionnaire (passenger sex, age, ticket type, motivation, origin and destination) does 
not need more than one minute. Assuming that the interviewers spending 50% of their 
working time with active questioning they need 4-6 thousand minutes to complete the 
sufficient number of questionnaires. Calculating with 10 hours working time per day 10 
interviewers could perform this task. Provided that: 

• One interviewer can found 200-300 passengers to be questioned 
• One interviewer carrying whole day about 200-300 sheet of questionnaires 

It is clear that such intensity of questioning is hard to imagine, moreover, the result of 
such a survey would provide very limited spatial coverage. To avoid these problems 
even in a small city the employment of 40-50 people is needed. The weather (wind, 
rain) could be another difficulty because under such circumstances their work is 
doubtful and the consistence of their sheets is unstable. 

After the fieldwork of the counting and questioning the data on the sheets should be 
recorded on computer for further processing. The time demand of this recording can be 
as high as the counting's one was, because of the quality of the sheets caused by the 
weather and other circumstances. 

After all it can be decided that to discover travel demand (cross-section and origin-
destination) even in a small city it is necessary to have several weeks of preparation, up 
to five thousand sheets to copy and about 250 people to work on the field. After the 
field work sheets should be collected, ordered and process them by computer. 

3. IT system based complex counting and survey system 
Nowadays it is possible to perform the tasks mentioned above with the help of IT 
solutions thanks to the fast development communication and mobile computing 
technologies. 

3.1. Cross-section passenger counting 

The task to be performed is identical to the passenger counting done with traditional 
methods. The difference is that there is no need to print out about thousand sheets and 
the post processing is also faster. Till the recording of counting sheets for 4000 runs 
needs about 30 till 60 hours, the data exchange between 80 to 100 mobile data collector 
equipments needs about 6-10 hours. Another advantage of hand-held equipments is the 
automated communication without any operation done by humans therefore this 
communication is absolutely error free but the traditional data recording from sheets can 
have errors done by the operator itself. 

A cross-section counting is not limited to counting of passengers but also can include 
other tasks like monitoring the service (eq.: accuracy to timetable...). At an IT-based 
data collection system it is possible to collect data about all departure and dwell time in 
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each stop. In this way it is possible to have very detailed picture on the movements of 
the vehicles on the whole public transport network. Parallel to this all of the hand-held 
data collectors includes GPS receiver to post monitoring the job of the counter. This 
feature helps to check the archivated data on time and place of the counting. 

3.2. Origin-destination survey 

The task to be performed is also the same as the survey done with traditional methods. 
There is a big difference related to the traditional method because there is no need for 
printing hundreds of questionnaires which dependent on the length of the questionnaire 
could be as much as 3-8 thousands pages. Since questioners do not have to carry lot of 
paper under various weather conditions, their job will be much easier than before. 

The questionnaires are pre-edited with dedicated software. It can include into the 
questionnaires conditional jumps or branches which will appears automatically the 
questioner do not have to think it over. Therefore number of errors could be decrease (or 
eliminate) and speed of the questioning could be increase. Speed is an important feature 
but not only at this stage but at the data reading into the computer's database. Since at 
such a complex system data reading is automated but at traditional methods data reading 
needs up to 15-30 hours. 

In contrast to traditional counting and questioning methods there is revolutionary new 
feature that since counting and questioning are done with the same equipment counters 
are able to fulfil questionnaires between two stops. With this new opportunity the 
number of questioners could be decrease (since they are substituted by counters) or the 
size of the sample could be increase. Taking the sample shown before: 200 counters 
counting each 20 runs with averagely 11 stops, the possibility to ask a passenger is 200 
times 20 multiplied by 10, which resulted in 40.000 sections (link between two stops). If 
a counter can ask averagely in every second section a passenger, it takes a sample with 
20.000 passengers (!). If we calculate with a success factor of 1 to 4 (1 passenger on 4 
sections) it takes 10.000 passengers. This last number is also much higher than the 
sample size of the traditional method (2-3 thousand passengers) without extra 
employees. Very important to remark that this is only a theoretical assumption because 
length of the sections does not allow in all cases to ask a passenger and the appearance 
of the passengers is also not uniform. 

After all it can be determined that a new IT system based complex counting and 
survey system has several advantage compared with traditional methods. It can work 
faster and more accuracy without (or with small) demand on printed sheets. Additional 
to this it can collect more and detailed data than a traditional method. Because of 
increase of tasks done by one labour the demand for human resource can be lowered but 
the staff have to be more motivated and qualified than before. 

4. Structure of an IT system based complex counting and survey system 
The structure and operation of an IT system based complex counting and survey system 
can be divided into five steps: 
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• collection of base data in digitalised form 
• preparation of data, building the base model 
• collecting traffic (travel) data 
• working up and cleaning of the collected data 
• data export (if needed) 

These five steps follow each other linearly and produce a complex structure. This 
structure can be seen on figure 1. 

 

 
Figure 1. Operation of an IT system based complex counting and survey system 

The key of the operation of an IT system based complex counting and survey system is 
the traffic model. This is the centre of the system therefore the first step is to collect the 
data needed to build up the traffic model (network - routes, stops, lines, timetable, 
vehicles...). These base data can be accessible either as digital data or only as data 
“existing on paper”. If the data is in digital form the job is to import it. In the case there 
is no digital data it has to be digitalized. After collecting all the needed data the traffic 
model can be built in a transport planning software like PTV's Visum in our case but it 
can be also other products like Cube, TransCAD etc. This traffic model is the base for 
the counting system; it is the data source for the counting system's database. The 
questionnaires are completing this database for a whole. If the whole database structure 
and content is ready it can be exported to the mobile equipments. 
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The most critical point of the whole process is the counting and interviewing. If it is 
well prepaid and organised without any disturbance the data is collected into the hand-
held equipments. After these the data should be read from these equipments into the 
database. As next all the data has to be checked as a logical but also as a mathematical 
structure. 

The last step has two stations. Firstly the data can be visualised as lists but also as 
figures, secondly they can be exported back to the transport planning software. In the 
planning software it is possible to build up e.g. a demand model based on the 
questionnaires to help evaluate new plans. 

4.1. Hardware requirements of the system 

The hardware requirements of the system can be divided into four parts parallel to the 
process shown before: 

• data input 
• data processing 
• data collection 
• visualisation 

It is possible to divide all four topics into sub-topics. First element of the hardware 
system is the data input because of the timeline of the process. The aim of the data input 
equipment is to digitalize map information existing only as traditional map. 

 
Figure 2. Handheld, rugged computer 

The centre of the hardware system is a desktop PC or even a server computer. It could 
be completed with mobile computers (laptop) to make post-processing and field work 
more efficient. For communication between the elements either wired or wireless 
communication can be used. The most comfortable way to have wireless 
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communication is to establish a Wi-Fi network between the desktop PC, the laptops and 
handheld computers. 

One of the most important elements is the handheld computer itself. There are two 
major questions: what kind of handheld computer do I need? How much handheld 
equipment do I need? 

There are lot of handheld computers; the spectrum is varying from the simplest 
customer equipment till the most expensive industrial standard computer. Based on field 
experiences an average industrial standard equipment is good enough because its ability 
to resist against water, dust and drop. The other interesting question is the number of the 
equipments. Based on the size of the public transport system in small or medium cities 
in Hungary 80 to 90 equipments could be enough for most of the cities apart the 6-8 
biggest ones. In these biggest cities (other than Budapest) this fleet is enough although 
the counting would last up to 3 days. 

Last element of the system is for visualise results, mostly graphical results like 
figures. For this purpose a plotter is the most common solution although some graphical 
printer in bigger size (up to ISO A1) could be enough. 

4.2. Software requirements of the system 

The operation of the above specialized hardware elements is completed by a well 
prepaid software background. The coordination of these elements is done by central 
software. The operation of this central software requires the processed data of the traffic 
model done by the transport planning software. This central software fills the main 
database of the whole system by processing the traffic model. Other feature of this 
central software is the questionnaire module which allows creating or editing 
questionnaires. 

 

Transport planning 
system (Visum)

Base data

-Map, timetable...

Pre-processing system for 
counting and surveying

Counting and  
surveying software

Post-processing system

Transport planning
system (Visum)

Desktop PC Handheld 
Computer

 
Figure 3. Logical structure of the system's elements 
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The whole data structure or better the relevant part of the database can be than exported 
to the handheld computer. On the handheld equipment runs another software product 
especially for counting and interviews. The aim of this software is to help the counting 
and the surveying to be quick and precise or rather the structured data storage. 

After data collection all the data will go back to the main database for a logical check. 
After this check it is possible to have a quick, first look evaluation of the collected data. 
Afterwards data can be exported to the transport planning software for further analysis. 

5. First results 
First test counting and surveying was done in Győr in spring 2011. Through the 
afternoon rush hour runs of a line from the most used lines was counted and the 
passengers were interviewed. The test included 20 runs from the line "11" where 
parallel two groups of counters worked. Figure 4 shows the differences between 
traditional and IT based counting. 

 
Figure 4. Counted numbers of passengers there and back on the line "11" 

In the picture one can see that there is no or minor differences between traditional 
method and IT based method. 

Another interesting evaluation is the running times between stops. (Figure 5. and 
Figure 6.) It can be seen the timetable (dotted line) and the running times of each 
vehicles worked in that time period. 
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Figure 5. Running times of vehicles on the route line 11 compared to timetable (dotted 

line) direction: from the city 

There is another figure in the opposite direction. It is nice to see that vehicles running 
forward but stacking in the jam close to the downtown. 

 
Figure 6. Running times of vehicles on the route line 11 compared to timetable (dotted 

line) direction: to the city 

It is now possible to check the whole line route network to find the bottlenecks. 

6. Conclusions 
The above shown IT based complex counting and survey system's first test which ended 
in spring 2011 has shown that this system can fulfil the expectations but has some risks. 
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One of the risks is the coherence of the used database and the authenticity of the base 
data because they must be syntactically and logically correct. Another risk is the staff. 
The staff has to be more motivated and well trained compared to traditional methods. 
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