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1. Summary (abstract)
The measure “Ticket vending machine diagnostic” is realized by DPMB, a.s. (Brno Public Transport
Company). After few months of operation the first phase of this measure was finished in August 2009.
The first 10 ticket vending machines (from the total number 152) were equipped with the system of
diagnostic in June 2009 and for 2 months (from 15 June to 15 August 2009) the system was tested
and evaluated in regular operation. The control centre was equipped with necessary system as well.
After the successful finishing the pilot project was evaluated and all observations from the pilot project
were sent to the supplier. They will be used for improving of the system which will be installed to the
rest of the ticket vending machines in the first half of 2010.

2. Introduction to the project
2.1. City of Brno
Brno lies in the central part of Europe, in the Czech Republic. At the same time, it represents the
centre of the South Moravia region. It is situated at the crossroads of ancient trade routes which had
connected the North and South European civilizations for centuries.
The city of Brno, with 370,000 inhabitants, is the second-largest city in the Czech Republic and the
largest in Moravia. It is the major urban centre of the Southern Moravian region, which has 1,132,563
inhabitants.
Brno is situated in a picturesque countryside, surrounded by wooded hills on three sides and opening
to the Southern Moravian lowlands on the south of the city. In the north, the city is guarded by the
foothills of the Drahany and Bohemian-Moravian ranges. The city itself lies in the basin of Svratka and
Svitava rivers, somewhat to the north of their conflux at elevations ranging from 190 to 425 meters
(620 to 1395 ft) above sea level and covers an area of 230 km2 (143 sq.miles). From east to west it
spans about 22 km (13 miles). The river Svratka cuts a 29 km (17 mile) path through the city and is the
main supply for the Kninicky Dam Lake, a popular recreation area in the city's northwest corner. The
Svitava River flows through the city for about 13 km (8 miles).

2.2. Brno public transport company (DPMB)
Brno public transport company (DPMB) is the dominant public transport operator in the city of Brno
and also in the Integrated Public Transport System of the South Moravian Region. It operates 750
vehicles in the city of Brno and surrounding area. From the total number of 750 vehicles 300 are
trams, 300 buses and 150 trolley-buses.
DPMB also operates 6 boats at Brno reservoir during the summer season. These boats are very
environment-friendly because they are all powered by the electric engines with accumulators.
DPMB together with the Brno City Municipality forms the local consortium in the city of Brno which is a
part of CIVITAS ELAN demonstration project.

2.3. Ticket vending machines in Brno
There are 152 ticket vending machines in the City of Brno and surrounding areas (Modřice, Šlapanice,
Ostopovice) operated by the DPMB. Ticket vending machines sell various types of tickets, which can
be used within the Integrated Public Transport System of the South Moravian Region as well.

5

Picture 01: Ticket vending machine

Picture 02: The systems inside the ticket vending machine
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3. Project of the system of the ticket vending machines
diagnostic
3.1. The system of administration and maintenance before CIVITAS
ELAN
Before the project CIVITAS ELAN, the system of administration and maintenance of vending machines
was based on periodical checks by maintenance workers or passengers’ announcements that the
ticket vending machines are out-of-order. These checks were carried out depending on the location of
the vending machines - e.g. daily in the centre but only once a week in some peripheral areas.
Thus DPMB, as a dominant public transport operator in the city of Brno, has no information about the
possible failures until the maintenance workers come for the regular checks. As a result of this system
of control, the machine can break down immediately after the maintenance workers leave and the
machine will be out of order until the next maintenance check.

3.2. The system after realization of the measure within CIVITAS
ELAN
The measure is part of the CIVITAS ELAN project which is being implemented in the city of Brno.
As part of this measure, DPMB intends to introduce a new system for the diagnostics of vending
machine operating conditions. A system of wireless modems will be installed into all vending
machines, then automatically and regularly sending the information about their status to the control
centre and thus inform on problems. This will enable maintenance workers to act more quickly and
efficiently, thus increasing the quality of the service provided to customers and improving customer
satisfaction.

3.3. The pilot project
The pilot project started on 15th June and lasted until 15th August. During this two-month period the
system of diagnostic of the ticket vending machines condition was tested, which was installed into 10
ticket vending machines. The control centre was equipped with the system as well, thus becoming
able to receive the information sent from ticket vending machines.
During the pilot project DPMB had collected data from the operation of the ticket vending machines.
The results of the testing operation will be used for the analysis and then become the base for
installation of the system to all ticket vending machines in the next period of the project.

4. Planning
We started to plan the project in 2008. During the preparation of the project, we decided to divide the
project into the two phases:
1. Pilot project, when 10 vending machines will be equipped with the system; during this first phase it
would be possible to test the system and discover possible deficiencies, which can be redressed
before second phase will be started;
2. The rest of the machines (142 3 ) will be equipped with the system. Only the system of the diagnostic
will be co-financed from the project CIVITAS ELAN.

5. Description of the system
The system of the ticket vending machines diagnostic is based on transfer of the data between ticket
vending machine and control centre using GPRS technology. In the control centre, the data are
displayed on the computers with special software.
3

Originally there were 140 ticket vending machines, nowadays there are 142 vending machines operating by the DPMB. The
increase of the number of ticket vending machines is a part of the improving of quality of the service for customers. The
installation of the new ticket vending machines is paid by DPMB.
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Ticket vending machines are equipped with modules with modems. The modules include
communication modems, equipped with SIM cards from the private mobile operator enabling
communication with the workstation (computer) in the control centre. Modules communicate with all
parts of the vending machine and collect data which are sent on-line to the control for further analysis
(See the picture 03.)
The collected data displayed on the computer include information about:
•

tariffs

•

all transactions made,

•

service data,

•

data on amount of cash in the vending machine,

•

condition of the cashbox, and

•

error reports.

Blokové schéma systému BackOffice
Rev1
BackOffice pro
správu automatů
GSM/GPRS
operátor
Internet

AVJG

intranet DP

FareOn
Aplikační server

FTP server

Pracovní
stanice

FareOn
DB server

Picture 03: The block schema of the system of the transfer information from the ticket vending
machine to the control centre
AVJG = ticket vending machine
Pracovní stanice = workstation - computer

The control centre (see the picture 04) where the data about condition of the ticket vending machines
are collected is situated in administrative building of DPMB.
Servers and 3 workstations are installed in the control centre. One server is used for the
communication with ticket vending machines and on the other one the applications of the system are
running.
These servers are part of the measure; they were purchased in order to implement the system of the
diagnostic of the ticket vending machines.
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Picture 04: The Control centre
On the three workstations it is possible to check the current condition of the ticket vending machines.
In picture 05, you can see the output of the whole system. There, the status of the 10 ticket vending
machines from the pilot project is displayed. Green colour indicates that everything is in order, yellow
colour indicates that ticket vending machine is still running but some problem occurs. There can also
be red colour indicating that the ticket vending machine is not running.
Detailed information about problem is included in the message which is the part of data transferred
from the ticket vending machines.
The operator in the control centre interprets the received data and in case of the major problem which
caused the failure of the ticket vending machine, the operator will immediately send a serviceman to
resolve the problem.
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Picture 05: Example of the output of the software for the diagnostic of the ticket vending machine
status.
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6. Realization
6.1. Plan – Tender requirements for the system of the diagnostic
Just after CIVITAS ELAN contract was successfully signed, tender requirements for delivery of the
system of the diagnostic were prepared. These requirements were prepared based on the common
operation of the ticket vending machines and expected outputs of the future system.
Provider had to fulfil several basic technical requirements. These were:
•

On-line data transfer into and from ticket vending machine a the control centre (GPRS
technology),

•

Data, which are transferred, have to include information about all transactions, service data, data
on amount of cash in the machine, error reports and information about the status of the cashbox,

•

On-line monitoring of condition of machines has to be possible,

•

Control centre will be installed and equipped.

•

The system will be delivered in the two phases. First one include pilot project of the 10 ticket
vending machines. After the pilot project, the rest of the ticket vending machines will be equipped
in the second phase.

The tender was prepared according to the Czech law, commenced on 27th January 2009 and was
successfully finished on 6th March 2009. The final price of the system was slightly below our
expectations.

6.2. Contract for the system of the diagnostic
The contract was signed with the company Mikroelektronika, s.r.o on 25th March 2009. According to
the signed contract, Mikroelektronica s.r.o. should deliver the system in two phases: in the first 10
ticket vending machines (pilot project) should be equipped with the system till 15th August. The rest of
ticket vending machines should be equipped in the second phase over the first half of year 2010.
The signed contract included condition that all ticket vending machines and control centre will be
equipped with the system, but the telecommunication services were excluded from the contract.
Telecommunication services were demanded only for the pilot project. This separation of the tenders
was made because of the prices of the telecommunication services. It is expected that separate tender
enable to get the lower prices for the telecommunication services.

6.3. Tender for telecommunication services
Telecommunication services are needed for the transfer of the data from ticket vending machines to
the control centre.
Tender for the telecommunication services for data transfer was running in June 2009. We addressed
all three major mobile operators in the Czech Republic: T-Mobile, O2 and Vodafone, to submit an offer.
The contract will last for 2 years and include an equipment of all of the 152 ticket vending machines by
the on-line transfer data by GPRS technology.
The results of the tender were surprising. The final price of the service was 80 per cent lower than it
was expected! Expected monthly fee for the telecommunication services of one ticket vending
machine was approx. € 7, but according to the final price it will be no more than € 2. These relatively
cheap operating costs are good news for other operators of the ticket vending machines.
The winner of the tender is T-Mobile. Because the future operation expenses will be lower than
expected, we were able to equip more ticket vending machines (152 instead 150 - 2 more ticket
vending machines were installed at the beginning of year 2009).

6.4. Contract for telecommunication services
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The contract for telecommunication services for data transfer was signed with the T-mobile company
for the next two years on 11th August 2009 with effect as of 1st September 2009.

6.5. Pilot project
According to planned activities and signed contract, the first 10 ticket vending machines and the
control centre were equipped with diagnostic system. The pilot project was running from 15th of June
to 15th of August 2009. All observations from the pilot project were sent to the supplier; it will be used
for the development of the system for the rest of the ticket vending machines.
Table 01: The list of ticket vending machines within the pilot project:
No. of ticket
vending machine

Internal
number

Place

1

1

Hlavní nádraží

2

4

Hlavní nádraží

3

5

Hlavní nádraží

4

17

Řečkovice smyčka

5

19

Komárov smyčka

6

24

Štefánikova – Kotlářská

7

105

Koniklecová

8

124

Klusáčkova

9

134

Hrnčířská

10

146

Kořískova
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Picture 06: The map with the locations of the ticket vending machines in the pilot project
Not all of the ticket vending machines from the pilot project are located within the CIVITAS corridor
(red oval on the map – picture 06). The reason why were the ticket vending machines outside the
corridor chosen is that the CIVITAS corridor is situated in the city centre. As was mentioned above, in
this area the ticket vending machines are checked daily but at peripheral areas the ticket vending
machines are sometimes checked no more than once a week. To obtain various data for the next
development of the whole system it was necessary to include also the ticket vending machine outside
the CIVITAS corridor in the pilot project (ticket vending machines no. 19 and 105).
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Picture 07: The installation of the system to the ticket vending machine
Training of DPMB staff took place during the pilot project on 9th June 2009. This training was focused
on maintenance of the ticket vending machines equipped with the system of the diagnostic and on
usage of the system.

Picture 08: Training of the staff
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7. Results
Generally speaking, the pilot project was successful. After it was finished (15th August 2009), began
the evaluation of the testing operation - Assessment of the Pilot Operation – Completion Certificate
Annex 01. The Completion Certificate was signed by DPMB and sent to the supplier.
Strictly speaking, the functionality of the system is satisfactory, but some changes will be carried out
nevertheless.
Results of the pilot project (translation of the Completion Certificate Annex 01)
• the system was delivered according to the signed contract and technical conditions– with certain
reservations – annex
• Pilot project was running for 60 days according to the signed contract
• Pilot project was running without breakdowns for at least 20 days according to the signed contract

8. Observations
During the pilot project there was observed that the system fulfiled previous expectations. No
substantial problems or defaults occurred during the pilot project.
Though the system was working without problems, in order to improve the system DPMB decided to
negotiate certain changes with the supplier.
List of changes follows (translation of Annex 02):
Reservations and requirements for modification of Firmware and Software JA-GPRS, FareOn and
USV24 based on pilot project.
1) Ticket vending machine
a. to add item “Checking ticket Nr.2” to the menu of the software with the list of all printed
tickets (date, time, type) including the possibility of printing selected number of records
(10,50,100,200) or printing summary of printed tickets in defined interval.
b. to solve (remove) the issue of frequent (short-term) restarts of application in ticket
machines. Due to these restarts there is a lot of needless communication between
ticket machine and server, leading to unnecessary stress of the system. This may
become important when the number of on-line monitored ticket machines will be
increased to 152 in 2010.
c. to solve the issue of not generating “TCP resp. – no connection” message.
2) Service manual – ticket machine with GPRS module
a. Request for upgrade of the list of operation messages – to explain the context and
causes of these messages and include in the manual the procedures of removal of
such conditions.
3) FareOn application
a. Request for automatic check and listing of all the ticket machines which didn’t send a
message in a set time.
b. Request for displaying of personal identification of anyone who enters the service
menu or choice.
c. Request for adding of simple sorting methods of breakdown messages from ticket
machines (e.g. according to the checking routes).
d. Request for implementing of possibility to display the condition of ticket machine in
application FareOn at any moment.
e. Request for implementation of an option to send data to ticket machine.
f. There are too many messages concerning a ticket machine restart (printer doesn’t
communicate, terminal doesn’t communicate, ticket machine is operational). These
messages are redundant because the whole reboot process does not take more than
30-40 seconds.
g. Request for possibility of using the map with locations of the vending machines in
FareOn application.
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h. Request for modification of the summary of breakdowns according to the proposals of
DPMB. Certain data are not displayed correctly.
4) Application USV24: Brno
a. User-unfriendly interface of ticket machines.
b. To remove items for buses.

9. Evaluation
After the finishing of the project first evaluation of the measure was prepared. In addition to subjective
observation (where result is that the system is useful) there were also done certain exact comparisons
of usefulness of the system.

9.1. Before the pilot Project
Period “before data collection” was defined as two months from 15th April till 15th June 2009. During
these two months 82 messages (errors) were recorded. The average time necessary for elimination of
fault was 20 hours and 18 minutes.

9.2. Pilot project
The pilot project lasted two months as well, from 15th June till 15th August 2009. During the pilot project
66 messages (errors) were recorded. The average time necessary for elimination of fault was 14
hours and 20 minutes. This time includes time needed for repairs in cases where there were no
spare parts available immediately. Moreover, the system is not attended for 24 hours a day; the
operator can read messages only during working time that means from 6 am to 2 pm.

9.3. Conclusion
Despite the limiting factor of the working hours in the control centre, the average time necessary for
the elimination of the failure of the ticket vending machine was during the pilot project approx. 6 hours
shorter than before the implementation of the new system.
According to the subjective observation the system is very useful in providing service of selling of the
tickets in ticket vending machines. It will be even better after some changes are carried out.
The measuring also confirmed that the situation after the implementation of the pilot project is better
than it was before it. In the second phase of the project even more significant results are expected due
to the expanding of the software tool to yet another working place and to the prolongation of the
working hours in the control centre.

10. Dissemination
An article about this measure was published in the “Šalina” magazine. “Šalina” is distributed for free in
all tram vehicles. In this magazine the important information about operation of the public transport are
provided to the customers.
Article was focused on presentation of the pilot project to the public. There was short description of the
project and of reasons why it is realized. Information that this project is part of the CIVITAS ELAN
project was included as well.
The project was also presented in September during the European Mobility Week at CIVITAS
Information Point.
During the European Mobility Week, when the CIVITAS ELAN was presented to public, DPMB was
contacted by the PhD student of the Jan Perner Transport Faculty of University of Pardubice. Together
with Transport Faculty in Pardubice, DPMB and Brno City Municipality are preparing a lecture about
CIVITAS and its measures, especially this one, for students from Transport Faculty. This lecture will
take place in spring 2010.
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CIVITAS ELAN logo was installed on all the ticket vending machines connected during the pilot
project.

Picture 09: Ticket vending machine with Brno CIVITAS logo operation
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Picture 10: Scanned page from the „Šalina“ magazine containing the article about the measure

11. Next steps
According to the signed contract and because the pilot project is considered a success, the rest of
ticket vending machines will be equipped with the system of ticket vending machines diagnostic over
the first half of the next year (2010).
After the installation of the system on all the ticket vending machines, another data collection phase
will take place. Collected data will be used for the analysis and evaluation report. Pilot project results
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show that the time necessary for repair of ticket vending machines (the time between the
announcement of the failure and ending of the repair) is much shorter than before CIVITAS ELAN
project.
We also plan to improve the system by expanding the software tool to another working place with
extended working hours.
Apart from previously mentioned points the pilot project showed that operational costs are lower than it
was expected.
Relatively low operational costs of this system, improving the quality of the services for the public
transport users, might make it suitable for other cities as well.
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Annex 01: Assessment of the Pilot Operation – Completion Certificate
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Annex 02: Annex to Assessment of the Pilot Operation (Annex 01) sent to supplier (Mikroelektronika
spol. s r.o.)
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