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Brief info about FFI 

FFI is a collaboration between the Swedish Government and the automotive industry to 

jointly fund research and innovation activities focusing on the areas of Climate & 

Environment and Traffic Safety. The investment involves operations for approximately SEK 1 

billion per year, of which public funds amount to just over SEK 400 million. 

  

There are currently five sub-programs; Energy & Environment, Traffic safety, and automated 

vehicles, Electronics, software and communication, Sustainable production and Efficient and 

connected transport systems. Read more at www.vinnova.se/ffi. 

http://www.vinnova.se/ffi


1  Summary  

 

Public transport vehicles have become increasingly complex as the number of IT systems 

has increased. The vehicle manufacturer, public transport authority, and operator often each 

have their own system that also communicates with the outside world using their own 

communication link. This entails lengthy negotiations to tailor systems for specific actors, at 

the same time as travelers risk being affected when a subsystem does not work. 

 

ITxPT is a member organization that manages technical specifications for hardware and 

software components. This means, for example, that components must be connected with 

the same type of cables and connectors or identify and exchange data with a common 

format.  

 

The project's work has mainly been conducted in four formats - through four concrete pilots 

who have developed and tested new services based on the ITxPT specifications, the 

development of an ITxPT lab at Lindholmen Science Park, regular monthly meetings and 

two seminars. 

 

Through the project, new digital services have been developed based on the ITxPT 

specifications. The development has been facilitated by the new lab at Lindholmen Science 

Park, which has given the parties an arena to test and demonstrate new services. The lab 

has also been part of the project's methodology, where the services were first tested in the 

lab and then demonstrated on two electric buses in regular operation in Gothenburg. 

 

The work has also resulted in new experiences in relation to procurement of IT systems and 

insights into how business relationships change when procurement is based on a common 

standard. In this way, the project has highlighted a less costly procurement process, which 

benefits both the private actors responding to the procurement and the authorities, and thus 

in the long run the taxpayers.  

2 Executive summary  

  

IT services within the public transport domain have become more complex and the number 

and scope of on-board systems continue to increase. The different systems owned by the 

vehicle manufacturer (OEM), the public transport authority (PTA) or the public transport 

operator (PTO) are typically confined in their own silos with limited or no system integration. 

To enable new services and shape a more efficient public transport system there is a need 

to share data in a standardized way, as well as facilitating new services without introducing 

new hardware. ITxPT - Information Technology for Public Transport - is an international 

association that promotes the implementation of standards for IT systems in the public 

transport domain. ITxPT also aims for an open data centric model where different actors and 

different systems can provide and access all relevant information efficiently for a wide range 

of purposes.  

 



In early 2017, Volvo Buses (OEM) and Västtrafik (PTA) together with Lindholmen Science 

Park initiated a collaborative project, RIVSILOn with the aim of accelerating the introduction 

of a standardized IT architecture as specified by ITxPT. This was achieved by a large-scale 

evaluation of the existing ITxPT specifications using the articulated electric buses on route 

16 in Gothenburg for test and demonstration, and to propose possible extensions for the 

future. The specific project goals for participating parties were to test and develop their 

products and services in relation to the ITxPT specifications. 

 

The RIVSILOn project has developed new digital services based on the ITxPT 

specifications. The development has been facilitated by a new ITxPT lab at Lindholmen 

Science Park, Gothenburg. The lab created an arena to test and demonstrate new services 

at the same time as Sweden has strengthened its position within the international 

standardization effort of public transport IT. The work has also resulted in new experiences 

in relation to the procurement of IT systems and insights into how business relationships 

change when the procurement takes place on the basis of a common standard. 

 

The project work has been conducted in four formats - through pilots in which new ITxPT-

compliant services have been developed and tested, through the development of the lab and 

through monthly meetings and seminars. The main work has been carried out in the pilots 

evaluating, developing and demonstrating new functionality for Plug’n’Play and virtualization 

of components, new business models for procurement, cloud services, and to some extent, 

cyber-security. The pilots were first tested in the new ITxPT lab before live demonstration in 

regular traffic. 

 

In addition to the initiating partners above, Actia, Consat, Ericsson, Triona (Fleetech), Hogia, 

Icomera, Keolis, Luminator Technology Group (former Mobitec), Pilotfish Networks, RISE 

Research Institutes of Sweden and Transdev participate in the project, in partnership with 

the ElectriCity cooperation in Gothenburg and ITxPT. 

3 Background 

Public transport vehicles have become increasingly complex as the number of IT systems 

has increased. The vehicle manufacturer (Original Equipment Manufacturer, OEM), the 

Public Transport Authority (PTA) and the Public Transport Operator (PTO) often have their 

own onboard networks, communicating with the cloud and back-office via a separate 

wireless communication link. Different OEM, PTA and PTO have different IT systems and 

the vehicles are therefore specified differently depending on who manufactures the vehicles, 

who is responsible for public transport and who carries out the traffic. 

  

A consequence of this is, for example, that the PTA has to invest large resources in 

specifying and negotiating with OEMs and PTOs, that OEMs have difficulty developing 

standardized services and that PTOs may have difficulty moving vehicles between 

procurement areas / regions for optimal resource utilization. Service developers therefore 

also need to invest resources in adapting their offerings to function not only within a PTA's 

area but also for all the OEMs and PTOs involved in realizing public transport in this area. 

Deploying extra vehicles for replacement traffic also becomes complicated as the vehicles 

need to be equipped with at least three different, but similar, platforms to be able to be 



included in the regular traffic. There is therefore a need to harmonize the vehicles' IT 

architecture in order to streamline public transport and promote service development. 

 

In the same way, there is a need to harmonize the information so that existing and new 

actors can easily find and in real time take part of all information that is relevant to them with 

the information divided and designed so that it can be easily used for different purposes.  

 

ITxPTi (Information Technology for Public Transport) is a non-profit member organization, 

located in Brussels, derived from the EU projects EBSF and 3IBS and with support from 

UITPii. ITxPT is a member organization that manages technical specifications for hardware 

and software components. This means, for example, that components must be connected 

through the same type of cables and connectors, identify themselves and exchange data 

with a common format, which allows Keolis or Transdev as PTOs to change antenna 

supplier without redirecting the cabling in the vehicle or that they can receive data from the 

on-board systems to the back-office in the same format regardless of vehicle model. At the 

time of writing, ITxPT has released four versions of the specification consisting of four 

different main groups - "Installation Requirements", Onboard Architecture "," Back Office 

Architecture "and" Over-the-Air Architecture ". In the next few years, the different parts are 

expected to be expanded and improved through the members' joint work.  

  

The harmonization of the IT architecture will in the long run open up public transport for 

faster service development by more players. A comparison can be made with how the app 

industry gained momentum when mobile phones got clearly defined interfaces for data 

access and thus could function as standardized platforms for service developers.  

 

The ITxPT organization has a large number of member companies. These include vehicle 

manufacturers (Volvo, Iveco, Scania, etc.), hardware and software suppliers for public 

transport (such as Pilotfish and Hogia) but also a number of PTOs (eg Keolis, Transdev, and 

Nobina) and PTAs (including Västtrafik, Ruter in Oslo and Transport for London). The latter 

work intensively with this issue and Ruter set requirements for ITxPT standards in the latest 

procurement iii.  

  

The ElectriCity buses, which were developed and made ready for traffic by June 2018, were 

equipped with an IT architecture according to ITxPT to test the concept and promote service 

development. In parallel with testing the ITxPT architecture in the buses, Västtrafik and 

Volvo together with the above-mentioned parties wanted to build an open lab where public 

transport services could be tested under real conditions before implementation in 

ElectriCity's new electric vehicles or other suitable public transport. 

  

Vehicle ICT Arena (VICTAiv) is a now completed initiative in Lindholmen to promote new 

mobility, mainly based on how digitalization has opened new business opportunities for the 

automotive industry. As part of the initiative, VICTA Lab was established as an innovation 

arena for testing and demonstration of software applications, functions and services aimed 

at the automotive industry. The ambition was to open new supply chains for information 

technology and communication technology in the automotive industry (ICT). The lab would 

give companies other than the traditional suppliers (without excluding them) the opportunity 

to perform tests in realistic environments and to perform demonstrations for the intended 



customer group. The lab was also intended to be used for research and education to 

develop new ideas and innovative solutions.  

  

In December 2017, the Västra Götaland region decided to fund a feasibility study to 

investigate the possibility of expanding the VICTA Lab with a part focused on public 

transport and with a special focus on ITxPT. The work was completed in August 2018. In 

March 2019, it was decided that VICTA would be closed when the overall goals of the 

initiative were achieved.  The work done within VICTA lab has been given a new life thanks 

to RIVSILON's work. 

4 Purpose and method 

4.1 Purpose 

The purpose of the project was to improve and streamline the management of IT systems for 

public transport and to strengthen the Swedish ability to innovate through cooperation with 

small and large companies, both regionally and internationally. 

  

A harmonization of the IT architecture of public transport was expected to contribute to: 

• a smarter and more attractive public transport for passengers, for example by making 

public transport more responsive to demand in the event of disruptions, by being able 

to quickly insert extra vehicles, and to use displays to inform about changes, eg for 

train replacements etc. 

• a better and simpler driver environment where, for example, current traffic 

information could be shown on a display shared by both PTO and PTA 

• a more efficient vehicle utilization, seen from both PTAs and PTOs perspectives, for 

example by being able to move vehicles more easily between areas of operation 

• increased durability through a reduced number of hardware components in the 

vehicles 

• reduced vulnerability and shorter downtime in the event of unplanned downtime 

thanks to reduced dependence on specific components or suppliers 

• strengthen the Swedish position within ITxPT by being the first to test and 

demonstrate ITxPT in regular scheduled traffic, and influence future ITxPT 

specifications based on the experiences and observations made within the project. 

4.2 Method 

The project partners represented a regional ecosystem within the IT system for public 

transport. Volvo (OEM) and Västtrafik (PTA) have been the main stakeholders together with 

Transdev and Keolis (PTO). Actia, Consat, Icomera, Luminator Technology Group (formerly 

Mobitec), Pilotfish and Triona (Fleetech) have been hardware and software suppliers and 

Ericsson and Hogia software suppliers in the project. RISE has been a research partner and 

Lindholmen Science Park was responsible for coordination, reporting and project 

management.  

 



In addition to the official project partners, ITxPT has also participated in the project by 

attending meetings and workshops throughout the project. After the VICTA-lab became an 

ITxPT-lab, they have also contributed though the daily operation and transformation of the 

lab from project form into an official ITxPT lab. They have also participated in the 

preparation, implementation and evaluation of the pilots carried out through RIVSILOn. 

  

The work has mainly been conducted in four formats - through the concrete pilots, the 

development of the lab on Lindholmen, the regular monthly meetings and two public 

seminars. 

 

During the project, 4 pilots were completed: 

  

1. Consat conducted a pilot for passenger information based on data from three 

systems - iTID (one of Västtrafik's onboard systems), Volvo Buses' FMS - Fleet 

Management System (to obtain information whether the bus was within an 

environmental zone) and MMS (Consats infotainment system). The application showed 

how, based on the ITxPT specification, it was possible to provide passengers with 

information on the on-board screen that the Göta Älv bridge is an environmental zone 

with limited speed for heavier vehicles. The screen also showed the speed of the bus in 

real time and the angle of the accelerator pedal (even if the driver accelerates, it does 

not go faster). In this way, data sharing could give travelers more information about the 

trip. At the same time, it was demonstrated how some of the parameters could be used 

in a traffic management application, for example, the traffic management could see the 

bus's battery status. (Skangic, 2020). 

 

2. Icomera and Luminator showed how Icomera's gateway could host Luminator's 

service that controls the content of both external and internal signage. The gateway 

could thus provide, among other things, position, time and communication from the bus' 

on-board network, while the service ensured that the signs showed the destination, the 

next stop and possible changes. Some of the information that was shown came from 

Hogia's cloud service. Everything built according to the ITxPT specification and with 

three collaborating companies (Karlsson and Nilsson, 2020). 

 

3.  Luminator also showed how their signs could be used to recommend which door 

boarders should use to avoid congestion at the stop and on board: This was done early 

in the project and the trial was limited in time. The service shows the possibility of 

creating new services in a network-based IT system on the vehicle, combining data from 

different components delivered by different companies and used in different subsystems 

in the vehicle. A service specifically of this type that has become topical in Corona times 

and may thus be worth developing further (Nilsson, 2020).  

 The same ITxPT services were also run on Luminator’s ICU602 in a test on a bus in 

operation. This shows that the services from Luminator could be virtualized and run on 

different platforms, see Figures 3 and 5 System overview.   

  

4. A major Plug'n'Play pilot was carried out where the goal was to replace the gateway 

in the network while the bus stood still at the end stop. Behind the pilot were Consat, 

Actia, Pilotfish, Luminator and Icomera with active assistance from ITxPT. The work was 

prepared in the lab by all actors producing a common test specification to ensure that 



the same functionality was available on each company's gateway. On the bus, the pilot 

was carried out by first logging the communication on the network with Actia's gateway 

in place. After the end of the cycle, the communication was logged with Pilotfish's 

gateway, then Luminator's solution and finally Icomera’s.  

  

Early in the project, it was decided to build a lab that could mimic the IT environment on the 

two EL16 buses within ElectriCity, that is based on ITxPT's standards and components. That 

would create prerequisites for testing devices and applications in a controlled environment 

and also ensure that we test in the same way every time. 

VICTA Lab was therefore expanded to handle ITxPT components and IT systems for public 

transport. When the decision to close down VICTA was made, the lab became an ITxPT lab 

by ITxPT deciding to establish the organization's second lab at Lindholmen. Today, ITxPT is 

therefore responsible for the lab's operation and development. 

 

Although the devices connected in the lab network are certified according to the ITxPT 

specification, the project wanted to verify that the implementations of services and basic 

functions were really compatible with each other, ie Plug'n'Play. 

 

Within the project, we have developed a process for approving a service or application 

because several of the parties who use and operate the bus cannot accept traffic stops due 

to signs and passenger information not working, Figure 1. When the lab test is OK, you can 

then install the service or application on the bus network. In addition to the tests, a template 

was created to document the test results. A more detailed description of test cases and 

documentation can be found later in the report. 

 

 
 

Image 1 Description of steps in approval of implementation 

 

Monthly meetings were held on the last Thursday of each month. At these meetings, the 

overall coordination of pilots and access to buses and labs were discussed, along with 

practical issues that affected the entire consortium. The meetings were also used to discuss 



experiences from individual pilots and the relationship to the project's themes, such as 

virtualization, or to compare observations between the pilots, e.g. how the pilots highlight 

different aspects of virtualization. The meetings were also used to inform about and discuss 

what is happening in the outside world from an ITxPT perspective.  

  

At the end of the project, it was decided that the experience and insights from the project 

deserved to reach a larger audience. It was therefore decided to conduct an open seminar in 

April 2020 to demonstrate what the new lab can be used for and how the two ITxPT buses 

can be used to demonstrate new functionality. Unfortunately, Corona restrictions on travel 

and meetings got in the way and the seminar was conducted online. Instead of a study visit, 

the need for standardization came into focus because the new format of the seminar made it 

difficult to demonstrate the lab and the buses, but instead made it possible for more people 

to participate. In addition, RIVSILOn and ITxPT as well as the project results so far were 

presented. In total, about 45 people from more than 25 organizations participated, including 

Samtrafiken, The Swedish Public Transport Association, Ruter and Region Stockholm. The 

seminar was so appreciated that it was decided there and then to organize another in June 

2020. At the second seminar on June 25, the results from the various pilots were presented 

in more detail. Pilotfish also presented opportunities and challenges with virtualization. About 

20 people from about 15 organizations participated in this workshop.  

5 Goal  

The overall goal of the project has been to carry out a first, large-scale evaluation of the 

existing ITxPT specifications, as well as to propose new interfaces for future ITxPT 

specifications.  

 

Specific project goals for participating parties have been to test and develop their products 

and services in relation to the ITxPT specifications. This has been done by four pilots who 

have examined specific interfaces and issues. Since not all parties participated in all pilots, 

we chose to have five common themes that we used to structure the discussion around the 

experiences - business models, Plug'n'Play, virtualization, cloud services and cybersecurity. 

See the table below where the project's original goals are compared with the program's 

Effektiva och Uppkopplade Transportsystem, (EUTS) (Translates to Efficient and Connected 

Transport systems) and FFI's objectives.  

 

RIVSILOn EUTS FFI / Society 

Data sharing 

between actors  

Satisfy people's mobility 

requirements by making public 

transport more efficient for 

travelers and supporting drivers 

in their new work routines 

Reduces the environmental 

impact of road transport by 

making public transport more 

attractive 



Digitization of 

services and 

products  

Enable new services for 

electrified vehicles and analysis 

of shared data 

Reduces the environmental 

impact of road transport through 

more efficient handling of 

vehicles, vehicle fleets and 

passenger transport 

Plug'n'Play of 

components  

Improved public economy and 

business economy by 

streamlining maintenance, which 

simplifies for OEM and PTO and 

provides a more efficient use of 

tax funds 

Reduces the environmental 

impact of road transport through 

new services and opportunities 

for electrified mobility 

Large-scale 

evaluation of ITxPT 

In-depth understanding of public 

transport requirements for IT 

infrastructure in the form of 

interfaces for data sharing, 

business models and traffic 

management 

Strengthens Sweden's 

international competitiveness 

within public transport 

Business models Experiences and insights for 

easier contract management 

between several actors 

  

  IT support for traffic adaptation 

to sensitive environments and 

more efficient coordination of 

vehicles in the same transport 

network  

  

6 Results and goal fulfillment 

This chapter presents results from the pilots carried out within the project as well as results 

from the thematic work packages covered by the project. The project has led to several 

tangible results, but the collaborative nature of the project and the test-bed character has 

also contributed to other, less direct results that are equally important. The knowledge that 

has been shared and the exchange of experience that has taken place within the project and 

from the project onwards has been appreciated by the project parties.  

6.1 Plug'n'Play 

Within this work package, the approach was to use the ITxPT specifications and 

demonstrate the possibilities for interchangeability of hardware with retained functionality. 

Within the IT world this is called "Plug'n'Play". Actia, Consat, Icomera, Luminator and 

Pilotfish - all suppliers of gateway hardware - participated in the work.  

 



As there were no ready-made test cases to ensure that a supplier's hardware was 

successfully replaced by a competitor, the work began with developing the test criteria for 

the pilot. In order to determine whether the various test cases were approved, one to two 

computers were used to create data traffic within the network to determine that the right 

producer had sent the right information to the right recipient, a distribution that the gateway 

should enable. An example of a test result can be seen in Figure 2. 

 

 
 
Image 2 Examples from test report produced within the project 

 

The experiences from tests in the lab are as follows: 

 

• Documentation of hardware and software versions is important, something that was 

not included in the ITxPT specification. It is now included in the discussions for the 

next version 

• The units included in the test were all ITxPT certified, but implementations and 

interpretations varied 

• It is possible to reach Plug’n’Play level on an ITxPT system with today's 

specifications, but some work is required, to ensure that everyone interpret the 

specifications in the same way. 

 

After testing each gateway in the lab, it was time for tests on board one of the buses with 

ITxPT network. We started by installing Pilotfish's logging equipment so we could see the 

status of the network. In this way, we could see if the services were available and if the 

allocation of connectivity worked as intended. We carried out the test by logging a looped 

route with each gateway, changing to a new gateway at the end stop before next loop.  

  

Physically changing the gateway was quite easy. Sometimes we needed a splice cord to 

reach all the way from the existing space to the correct socket in the technology cabinet or to 

switch from one approved connector to another approved connector. Not knowing in 



advance where there is room for a new unit meant that we had to improvise solutions with 

each change, but there was room, even if on one occasion we used other surfaces than the 

one provided by the technical cabinet. And just to be clear - we never had to install new 

connectors in the technology cabinet for the new devices but could reuse connectors that 

were already in place.  

  

However, each gateway needs to be configured with a specific tool that must be installed 

with the right powers, which means that a network technician needs to have access to each 

provider's tool chain and the right skills to use them. On the bus, this was solved by staff 

from ITxPT and Pilotfish being on site while Icomera was able to configure its gateway from 

the office. Luminator had participating staff both on the bus and in the office.   

   

Goal completion: For P'n'P to work smoothly in practice, both a specification for physical 

connectors and digital data formats are needed, as well as an organization and tools for 

maintaining and further developing a dynamic system configuration. The first is something 

that ITxPT can solve, the second is an issue that clients and contractors must solve locally, 

but ITxPT could possibly support with tools and a general methodology. 

6.2 Digitization / Virtualization 

Virtualization, or digitization as it is also called, can be described as "To add on-board 

services without adding hardware", which makes it possible to install, update and uninstall 

services without having to be there physically. It also simplifies service monitoring and thus 

logging and debugging them. Since the services are virtual, they are also easier to provide 

with digital restrictions. Therefore, if their range in the network is to be changed, there is no 

need for new cabling or that a cord is pulled out of its socket. And in the same way, it is 

easier to reconfigure the services when needed. Virtualizing services that today exist in 

separate dedicated hardware thus opens up new opportunities for a simplified organization 

around public transport's IT systems (Qvist, 2020).  

 

Icomera's gateway can host a virtual machine. In this way, it can host another vendor's 

software while the software believes it is in its normal environment. This in turn provides the 

ability to deliver software services without packaging them as hardware. It enables cheaper 

purchasing, installation, and maintenance. It can also be used to tailor solutions for specific 

customers. The use and configuration of the gateway is managed through a cloud service so 

that you can activate the third-party services from the office. 

 

The virtualization test was performed in the following way: Icomera hosted services 

developed by Luminator. Since both hardware and software were following the ITxPT 

specifications, the service could find the on-board services it depended on and publish itself 

so that consumer services could take advantage of Luminator's service.   

 



 
Image 3 System description of Luminator's pilot carried out with support from Hogia. 

Consat also conducted a pilot to demonstrate what was possible based on ITxPT and virtual 

services. Their pilot visualized the route together with any disturbance information and 

displayed connecting travel options for each stop along the route. The graphic outline was 

developed together with Västtrafik to harmonize with the other information on the onboard 

displays.  

 
Figure 4 shows how the left half of the screen informs that the bus is in an environmental 

zone and that the speed is therefore limited to 40 km / h. At the same time, the angle of the 

accelerator pedal and the current speed of the bus are displayed. All information is collected 

from Volvo's vehicle system and integrated with the IT system, which shows that ITxPT can 

coexist with established formats for vehicle data. To the right of the screen, the route is 

shown, and you can see that some stops are canceled due to road work.  

 

 

Image 4 Photo from Consat's pilot with simultaneous display of speed-limited zone, current speed and throttle as 
well as stop information including information about the canceled stop. 

 



Goal completion: A successful demonstration of virtual services that both consume and 

produce data on the common network. The services found each other regardless of if they 

were located in the virtual machine, directly on the gateway or in other nodes in the network. 

They could also co-exist with established systems for vehicle data or route information, 

which opens for a gradual transition to ITxPT as the older systems are phased out. All in all, 

this leads to cheaper purchasing, installation and maintenance of the vehicles' IT systems. 

At the same time, the pilots showed opportunities to develop ITxPT's specifications, for 

example, since it today is assumed that a service runs in its dedicated hardware, which the 

RIVSILOn project has shown is not necessary.  

6.3 Cyber security 

Icomera conducted a study on risks and threats with a shared IT infrastructure on public 

transport vehicles. The focus was on the common network that connects internal and 

external screens, the driver's tools, the computer that keeps track of the vehicle's route and 

timetables, etc. (Lundberg, 2019). On the other hand, the individual components were not 

included in the analysis, nor were the systems with which the vehicle in turn communicates 

about the PTOs' traffic management or PTA's travel planning, etc.  

  

The risks and threats were compiled based on interviews with a representative ITxPT 

member and an analysis of the relevant ITxPT specifications. The risks and threats were 

then classified based on how likely they were and their possible effect, and mapped against 

ISO 27005, which is an international standard for cyber security. The work was presented to 

ITxPT's members and at a project meeting within RIVSILOn. Cyber security was also a topic 

of discussion at the last seminar in June. 

  

The analysis shows potential risks, the consequences of the risk if it occurs, how the effect 

would affect various actors in the ecosystem, how likely it is that the risk occurs and possible 

measures to reduce the probability that the risk occurs and / or the consequences of it 

occurring. 

 

As an example, there is the risk that software that introduces incorrect or malicious behavior 

(intentionally or unintentionally) could affect more devices on the common network than the 

device that originally introduced the risk. Then it can be difficult for different suppliers to 

guarantee the functionality and integrity of their own system. This would have secondary 

consequences, such as incorrect information being displayed to passengers or the driver. 

More work is needed here, partly to differentiate scenarios depending on the type of 

deviation that occurs, and partly to identify suitable routines for the services when they 

present themselves on the network so that the integrity and functionality of each service can 

be assessed. 

 

The fact that so many of the devices on the network have their own backdoors to be 

configured remotely enables faster and cheaper software updates, but also poses a risk if 

unauthorized persons can access the network backwards.  

 



Goal completion: Large-scale evaluation of the ITxPT specifications from a security 

perspective. The results were presented to ITxPT at one of their supervisory board meetings 

with international support and discussed at the final seminar in June. 

6.4 Cloud services 

The pilot carried out by Luminator, Icomera and Hogia showed how new services could be 

introduced on vehicles without additional hardware. It also showed how cloud services could 

be integrated with onboard services to give travelers a more informed experience of the trip. 

Hogia's cloud service was in turn connected to the current PTA's cloud service to get current 

data that was recast, processed and presented in a way that was in line with the ITxPT 

services on board.  

 

 
 

Image 5 System overview of the cloud service. Luminator's service is located on Icomera's hardware but can 
communicate with surrounding systems on the vehicle (eg internal and external signage) as well as cloud 
services (extended route information from Hogia). 

 

 
 

Image 6 Luminator’s service controls the information on the internal signage so the traveler sees the route and 

the exchange options at the next stop. 



 

 
 

Image 7 If Hogia's aggregated information indicated traffic disruptions or route changes, that information could 
also be displayed on Luminator's TFT screens. 

 

                
 

Image 8 The same information shown in Figure 7 could also be visualized on the driver's MADT (Multi Application 

Driver Terminal). The image shows two different views. 

 

Goal completion: The pilots exemplified the dynamic information updating for the bus' 

service schedule, connections at the next stop, delays, and disruption data from cloud 

services. The services themselves do not necessarily have to be innovative, the important 

thing from RIVSILOn's perspective was to explore whether the ITxPT specifications would 

negatively affect the introduction of new services or facilitate that kind of development after 

the bus has left the factory. From our work, we can see that the specification did not hamper 

the development work and that it made it possible for several actors to collaborate for the 

development of the service. It opens for digitization and new business models. 

6.5      Business models 

The roles and responsibilities change when you leave a silo architecture where each actor 

takes responsibility for their system from beginning to end and instead switch to a common 

architecture with shared resources, see Figure 9. Then the demand for a common view of 

the details is more prominent.  

 
Image 9 Silo-based vs network-based architecture.  



One lesson from the project is that there is now a need for one Integrator which takes overall 

responsibility for the IT system. This is something that ITxPT will highlight in its reporting 

from the project. The Integrator role can be upheld by any of the suppliers, regardless of 

which subsystems they deliver themselves. As an integrator, you ensure that everyone 

makes the same interpretation of the specification and that all components have the same 

naming throughout the system so that producers and consumers find each other on the 

common network. 

The costs for PTA to specify the IT system are reduced when you can refer to the ITxPT 

specifications and focus the work on additions or exceptions. At the same time, tenderers 

can do the same. Their answers then focus on the additions and exceptions, thereby saving 

the work of describing how they deliver the functionality that is already described by the 

ITxPT specifications. It will thus be cheaper to both lose and win the tenders at the same 

time as the tenders will be cheaper to organize from PTA's side. 

 

In the long run, the bus will be a data provider with actuators where the logic is in one or 

more clouds. In such a scenario, connecting traffic at the next stop, any delay or change of 

route (in case of temporary route changes) will be calculated outside the bus based on its 

current position, route, speed, etc. and then displayed on internal displays, the driver's 

MADT (Multi Application Driver Terminal) m.fl. system. The pilot that Luminator and Hogia 

did within virtualization showed how this can be done based on the ITxPT specifications. At 

the seminar in June, this was something Ruter highlighted as well in their presentation, see 

image 10.  

 

 
Image 10 ITxPT opens towards more and more of the onboard systems move to the cloud. 

In the area of Business Models, Pilotfish also showed how to combine existing IT systems 

(eg ticket and payment systems) with a new ITxPT system [Qvist, 2020]. In this way, you do 

not have to throw existing and proven solutions away when you switch to an ITxPT solution, 

on the contrary, they can coexist and share data with each other.  

 

In parallel with a methodology for how new services can be developed and demonstrated, 

first in the lab and then the bus, a template was also developed for how new passenger 

services would be designed and what requirements they should meet so that they could be 

demonstrated on the ITxPT buses. The template achieved two things - to harmonize the 



appearance of the new services so that passengers felt that the services were part of the 

regular display on the screens, and a checklist to clarify the criteria for Västtrafik to allow a 

new service to coexist with regular services on the vehicles. In this way, the handover 

between actors in the ecosystem was formalized so that Västtrafik could take responsibility 

for the passengers' experience while traveling. The completed template also served as a 

reference material internally at Västtrafik when the function and usefulness of the service 

were to be presented to other departments.  

 
Goal completion: RIVSILOn aimed to create "Experiences and insights for easier contract 

management between several players". In addition, we have also shown how established IT 

systems can interact with new ITxPT systems on the same vehicle, both from a technology 

perspective and as a methodology, which enables a gradual transition to a new IT 

architecture.  

7 Dissemination and publication 

7.1 Dissemination of knowledge and results 

The project has been presented outside the project group both in connection with 

conferences and other external activities: 

 

● The project presented preliminary results at a poster exhibition at the global UITP 

summit in Stockholm in June 2019, see Figure 11. 

● The project was also presented at the FFI-EUTS conference in Stockholm in 

December. 

● In April, a webinar was held with about 45 participants from many different 

organizations, including public transport authorities (PTAs), operators (PTOs), 

suppliers, interest groups (Swedish public transport and Samtrafiken) and research 

institutes. The webinar was recorded and is available via ElectriCity's website where 

it is also possible to download the presentations, 

https://www.electricitygoteborg.se/nyheter/workshop-kring-itxpt. The workshop was 

appreciated, partly for its content and partly as a forum. Therefore it was decided to 

arrange a follow-up workshop on the theme of virtualization / digitization at a later 

date. The workshop was held on 25 June and a main theme was, in addition to 

virtualization, a more detailed description of the pilots that were carried out on the 

buses.  

● The project has also been in direct contact with travelers and drivers in connection 

with tests on buses in real traffic. 

● ITxPT will tell about the project on their website based on what they learned. This 

activity occurs after the completion of the final report https://itxpt.org/news/rivsilon-

case-study/. 

● A contribution has also been sent to Transportforum 2021. We will be informed in 

October if we get a slot in the program to present RIVSILOn. 

 

https://www.electricitygoteborg.se/nyheter/workshop-kring-itxpt
https://itxpt.org/?post_type=news&p=2709&preview=true
https://itxpt.org/?post_type=news&p=2709&preview=true


 
 
Image 11 Poster for presentation of RIVSILOn at UITP's international conference in Stockholm, 2019. 

 

How has / is the project result 

to be used and disseminated?  

Mark with X Comment 

Increase knowledge within the 

field 

X The project has established new knowledge 

Pass on to other advanced 

technical development projects 

X The knowledge from the pilots has been 

passed on within each company  

Pass on to product 

development projects 

X Some of the pilots have gone on to product 

development 

Introduce to the market X Design of IT systems and procurement of this 

type of technology is ongoing. Technology 

demonstrated during the project is or will be 

available as a customer offer shortly  

Used in investigations / 

regulations / permit matters / 

political decisions 

X Feedback to various committees and 

development of test and ITxPT specification, 

with further connection to other 

standardization bodies  

  

  



7.2 Publications 

Håkan Burden and Gunnar Ohlin, Real-Life Observations from Full Electric City Buses 

Utilizing the Information Technology for Public Transport Specification, Poster presented at 

UITP Global Public Transport Summit, June 2019, Stockholm, Sweden. 

 

Håkan Burden, Gunnar Ohlin, Anders Fromell and Fredrik Darin, Rivsilon - experience of 

product and service development with ITxPT, abstract submitted to Transportforum to 

January 2021, Linköping, Sweden 

  

Jakob Lundberg, ITxPT - WG08 Status update on the work done so far, Presentation 

produced by Icomera for ITxPT’s cyber security working group, 20190131, Gothenburg, 

Sweden 

 

Mattias Karlsson and Patrik Nilsson, Icomera and Luminator ITxPT Virtualization Pilot, 

presentation by Icomera and Luminator, June 2020, Gothenburg, Sweden. 

  

Patrik Nilsson, Plug & Play test Public transport: RIVSILON - ITxPT test, presentation by 

Luminator, June 2020, Gothenburg, Sweden. 

 

Amir Skangic, RIVSILOn Pilot project, presentation by Consat, June 2020, Gothenburg, 

Sweden. 

 

Anders Qvist, Use cases for virtualization - The next step in on-board ITS commoditization, 

presentation by Pilotfish, June 2020, Gothenburg, Sweden  

 

8 Conclusions and further research 

8.1 Conclusions 

During the work within RIVSILOn, competitors have often sat together to define common deliverables 

where the explicit goal has been to make it easier for them to replace one with the other. It has not 

always been a frictionless way of working. But thanks to the parties' desire to succeed with their pilots, 

and with the new lab and the new buses as a meeting place, opportunities have been created to 

present themselves both nationally and internationally. The fact that ITxPT chooses to place its 

second lab on Lindholmen has also given the project partners new opportunities to certify and 

demonstrate their services locally. But in the long run, this also constitutes a stable basis to drive 

international work forward based on the experiences made in Swedish public transport.   

 

The establishment of the lab and the establishment of a regional office for the ITxPT organization at 

Lindholmen Science Park are therefore the project's most tangible but at the same time indirect 

project results. Through ITxPT's presence, the opportunities to continue to meet the objectives of the 

EUTS program and FFI increase.  

 

Through the project, new digital services have been developed based on the ITxPT specifications. 

The development has been facilitated by the new lab at Lindholmen Science Park, which during the 

project has been operated and paid for by ITxPT. In this way, the parties have had an arena to test 



and demonstrate new services at the same time as Sweden has strengthened its position within the 

international public transport co-operation bodies.  

 

The work has also resulted in new experiences in relation to procurement of IT systems and insights 

into how business relationships change when procurement is based on a common standard. In this 

way, the project has highlighted a less costly procurement process, which benefits both the private 

actors responding to the procurement and the authorities, and thus in the long run the taxpayers. The 

new services also show how public transport can be made more attractive. And the more people who 

choose to travel by public transport, the easier it will be to achieve the transport policy goals. 

8.2 Continued research 

We see four main tracks for a continuation of RIVSILOn. The first is to examine how the ongoing 

electrification of vehicle fleets can be reflected in the specifications. A possible continuation project is 

therefore to investigate how the emerging interfaces, both digital and physical, between vehicles and 

infrastructure can be used for new services while harmonizing with existing ITxPT specifications. The 

goal would then be to provide new services that are not tied to specific suppliers but work in 

environments where several suppliers coexist and together enable the transformation to a more 

sustainable travel. Within ITxPT, work has begun to collect the needs for data from PTO and PTA and 

the availability of both a lab and an electrified vehicle data makes Gothenburg a good place to 

investigate how the new services can be realized. 

 

The second approach is similar to the first in that it would examine which vehicle types other than 

buses could be affected by ITxPT's specifications. Here one can imagine developing services where 

bus data is combined with data from other vehicle types, such as ferries or commuter trains. In this 

way, we can identify any gaps that arise and strategies for overcoming them.  

 

A third continuation of the project would be to investigate what data is needed for self-driving vehicles. 

This involves both operation and maintenance as well as communication with other road users. Such 

a continuation would be more exploratory as the experiences are fewer and usually come from small 

pilots with smaller vehicles. Transforming those experiences into new interface proposals and then 

realizing them through lab tests and pilots with real vehicles would provide valuable insights into the 

industry as a whole and accelerate work on standardization that would facilitate the introduction of 

new mobility services. 

 

Cyber security has received a little less attention in RIVSILOn but was given a lot of space at the 

seminar in June. An issue that is important to bring up in the future. Within ITxPT, the issue has also 

received more attention recently. 

 

RIVSILOn has contributed to an established collaboration within the ecosystem, where customers and 

competing contractors work together for both more efficient procurement and maintenance of IT 

systems. It is a solid foundation to build on for the future. But also, an opportunity in itself for new 

research - what is it that makes it possible for the players to compete for the same business and at 

the same time collaborate and share resources?  
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i http://itxpt.org/en/home 
ii http://www.uitp.org/ 
iii http://itxpt.org/en/news/ruter-will-request-all-it-vendors-to-comply-with-itxpt 
iv https://vehicle.lindholmen.se/ 


