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Tämä dokumentti kuvailee Turun kaupungin Älyföri testbed -hanketta ja sen alustavaa spesifikaatiota. 
Dokumenttiin liittyvä markkinavuoropuhelu järjestetään 25.2.2020 dokumentin lopussa olevan kutsun 
mukaisesti. Projektin sopimuskielenä on suomi, mutta projektin tekninen ja tieteellinen dokumentaatio 
tehdään englanniksi.  
 
This document is a description and preliminary specification of the Älyföri testbed project of the City of 
Turku. A public information session will be arranged on 25.2.2020 in Turku, in accordance with the call 
shown in the Appendix in Finnish. The contracts for the project will be made in Finnish, but the technical 
and scientific documentation will be in English. 
 
Summary 
 
The City of Turku is growing toward the mouth of the Aura river on both sides of the river. Efficient city 
planning is hampered by the lack of ways to cross the river near the rivermouth. One solution that is be-
ing studied for the end of the 2020’s is an autonomous urban ferry, an updated version of the historical 
Föri chain ferry that has operated upstream since 1904.  The autonomous concept is known as Älyföri 
(“smart Föri”).   
 
Before any decisions can be made, more needs to be known about the potential problems that will be 
caused to an autonomous ferry by the harsh weather and icing conditions in Turku.  The Älyföri Testbed 
project (2020-2022 to) will instrument the existing Föri and collect data on the conditions and traffic near 
it. It will create a situational awareness system that identifies potential threats to navigation. The meth-
ods and risk analyses developed in the project can be used to speed up the development of an auto-
mated ferry after 2022, if a decision to build one is made.  
 
 

1 Rationale for the project 
 

1.1 Need for ferry solution 
 
The City of Turku is divided by the Aura river, and currently there are seven bridges that cross the river. 
The southernmost bridge, Martinsilta, is located more than 2 km from the mouth of the river. The current 
bridges are low (at most 6 meters high) and hinder the development of water-based services such as 
water buses. There is heavy water traffic downstream of Martinsilta, and new bridges would be a highly 
questionable option.  
 
Both sides of the river are being developed heavily, and an efficient city structure will require some way 
to cross the river downstream of Martinsilta. At the moment, the historical Föri ferry serves this purpose 
about 600 meters from Martinsilta. It is a chain ferry that has operated since 1904, and has been electri-
fied in 2015. It is a popular service (with approximately 1 million people crossing annually) and has 
demonstrated that a ferry solution can be useful in an urban setting of this type. Based on good experi-
ence with the Föri, it is sensible  to consider a similar ferry further downstream. 
 



 

 

 
1  Existing Föri cable ferry in Turku 

 

 
2  Location of the current Föri and proposed general location for new Älyföri. No decisions have been made on the exact place-
ment. 

 
 
 
 
 

1.2 Need and timeline for automation 
 
The main driver for automation is cost control as well as extension of service times. The operating costs 
of a manned ferry are high, especially if nearly 7/24 operation is desired. 
 
To achieve the desired cost savings, full automation will be needed for the final product (SAE L5 or IMO 
MSC degree four,  where remote monitoring is only needed in case of anomalous behavior, similar to 
elevators).  This is a very challenging aim with the present state of the technology. 
 
Even in optimal weather conditions, it is not known how long it would take to collect enough data to cre-
ate a truly reliable object recognition system. Edge cases cause the largest risks, and by definition occur 
extremely rarely. This means that data needs to be collected for a long period of time (two years are 



 

 

planned). It also means that campaign-type field tests with various objects are almost certainly neces-
sary. 
 
The ferry must also be capable of operating in all conditions in which the existing Föri can operate, since 
no degradation of service can be accepted. This means that the sensor system must be capable of work-
ing reliably in all almost all weather conditions that can occur in Turku, including heavy snowfall, sleet, 
and freezing rain. The ferry must also be capable of operating in ice at least up to 30 cm in depth (which 
is the operating limit of the existing Föri).  
 
Because the distance across the river is only about 100 meters, very significant cost cuts can be 
achieved for the sensors if commercial off-the shelf (COTS) sensors are used, and in particular sensors 
that are used for autonomous land vehicles. Sensors that are used in marine operations are an order of 
magnitude more expensive, and offer no real added value in this use case (perhaps aside from robust-
ness). It is thus strongly recommended that the project utilize only COTS sensors.  
 
Because automotive COTS sensors are not necessarily designed to perform and survive in all the envi-
ronmental conditions that the Föri faces, the robustness and reliability of the sensor systems will be an 
important study topic. All problems with the sensors must be documented and analyzed, and corrective 
actions proposed. 
 
 

1.3 Key requirements 
 
The user needs create very strict requirements for the final ferry. 
 

• Electrical operation 

• Possibility to operate almost continuously and nearly 7/24. A nighttime break of some hours for 
charging may be possible, but in principle the ferry should be capable of operating at all times. A 
quick-charge system will be necessary. 

• Ability to operate in almost all weather conditions in Turku.  

• Ability to recover quickly if weather conditions cause a need to suspend operations. 

• Ability to operate in ice. The current Föri only shuts down when ice depth exceeds 30 cm, which 
has happened about twice a decade. The älyföri must be capable of at least this level of opera-
tion, preferably more. 
 

 

1.4 Reasons for using a chain ferry 
 
The combination of these requirements points to a clear conclusion: the Älyföri should be a chain ferry 
operating on a fixed path, like the current Föri. Full L5 automation of such a system is more feasible in 
the given time frame than automation of a freely navigating ferry.  
 
The operation of the ferry is particularly simple to measure and model, since it is in practice an object 
that moves in one dimension only. At any moment, the operator on the Föri analyzes the traffic condi-
tions as well as the number of passengers on shore and on the ferry, and makes a decision to either 
start a crossing or not start a crossing. The acceleration and speed can also be controlled. Thus, for any 
given situation, the state of the ferry is fully defined by at most three parameters (location,speed,acceler-
ation). It is thus particularly simple to compare the decisions made by an AI system to the decisions 
made by the operator. 
 
A chain ferry also has physical advantages over a freely navigating ferry. The efficiency of such a system 
can approach 90%, while freely navigating ferries have much lower efficiencies. A chain also provides 
passive security: if the ferry breaks down, it simply stays fixed to the chain rather than being at risk of 
floating away.  
 
The final decisions made by the City of Turku may be different, but the advantages of a chain ferry are 
currently considered so significant that the testbed project will proceed on the assumption that the Älyföri 
would most likely be a chain ferry. 
 



 

 

 
 

2 Description of the testbed concept 
 
 

2.1 Physical location 
 
The testbed will be built around the current Föri. Details will be determined during the project, but it is 
currently assumed that navigation will require five sensor systems: one on the Föri itself, two on the piers 
on which Föri berths, and one system upstream and one downstream (about 100 meters away).  
 
In addition to these river-monitoring sensors, both piers will require a passenger counting system in or-
der to understand the decision-making process of the Föri driver. The Föri does not operate on schedule 
but on demand, and the number of passengers waiting to board determines when a crossing is made. 
An AI system that tries to emulate the behavior of the Föri cannot be valid unless the number of waiting 
passengers is known. 
 
Note that a real operating ferry will also need to monitor how many people are on board the ferry. This 
sensor will be left as optional in the current project, but will be implemented if a partner is able to imple-
ment it at low cost. 
 
The technology of the passenger-monitoring sensors is left open at this stage. 
 
 

 
3 Likeliest locations for river-monitoring sensors 

 
 
 
 

2.2 Data collection system (physical architecture) 
 
Before the start of the project, the following components were considered to be critical. However, the ar-
chitecture may still change based on findings in the early stage of the project, and this architecture 
should be considered tentative. The setup may also change if new findings are made during the project 
(although the need for long-term data means that major changes would ideally be minimized after data 
collection begins). 
 

• Sensor systems S1-S5 track objects in the river.  
o S3: sensors on the Föri itself 
o S2,S4: sensors on or very near the pier where Föri lands. 



 

 

o S1,S5: remote sensors upstream and downstream of Föri, meant to monitor threats   
 

• Sensor systems N1-N3 count or estimate the number of passengers on the pier or on the Föri. 
 

• The Weather sensor monitors the weather conditions. River conditions (e.g. flow velocity, wave 
height, icing) will also need to be monitored, either in this sensor system or separately. 
 

The technologies needed are kept open at the start of the project. It is assumed that a combination of 
LIDAR, camera, and IR camera could be optimal, but other options are also possible.  It may also be 
possible to leave some sensors out altogether; in particular, if the shoreline is instrumented well, it is not 
clear if the Föri itself needs to have sensors at all. 
 

 
4  Role of the multiple sensors 

 
 A possible passage of a threat (for example a canoe) is  shown in the graph. Solid lines show when a 
sensor first detects the object. Dotted lines show a sensor continuing to monitor the object. 

• S1 first observes the object and begins to track it. 

• S2 is the first shore sensor to observe the object. 

• Sensors S3 and S4 observe the object. The object is now being tracked by four sensors. 

• The object drops out of range of S1. Sensors S2-S4 may be occasionally blocked by the Föri, 
but at least two sensors monitor the object most of the time. The object is moving toward the 
route of the Föri. 

• The object is moving away from the route of the Föri. 

• The object moves out of range of S2. It is now tracked by just two sensors. 

• S5 first detects the object, with S3 and S4 observing at least intermittently. 

• The object drops out of range of S3-S4, and is tracked by S5 alone.  
 
 
 
 

2.3 Data processing system (software architecture) 
 
Since especially LIDARs and cameras output a huge amount of raw data, data must be compressed sig-
nificantly at all stages of the process.  
 



 

 

 
5   Main blocks needed in the backend 

 
 
 
 
 
 
 
 

3 Outputs of the project (tentative) 
 

3.1 Schedule 
 
To enable tracking of the long-term performance in extreme conditions, the project should collect data for 
24 months. If data acquisition can begin at the end of 2020, the project should thus close at the end of 
2022.  
 
Funding from Smart and Wise Turku is only available until the end of 2021. At the end of 2020, a plan for 
finalizing the project in 2022 will be made.   
 
 

3.2 Outputs during the project 
 
 
A near-real-time Web-based software product that displays the state of the river and Föri, and tags and 
monitors any threats that have been identified. The proposed concept for the software is “See what the 
AI sees”, allowing any users to see the outputs from the various sensors, and the combined information 
that tags and identifies threats and objects. 
 
When the network is operational, test campaigns of the object recognition software will need to be run 
using various kinds of objects in different weather conditions.  
 
 
 

3.3 Outputs at the end of the project 
 



 

 

3.3.1 Obligatory outputs 
 
These reports will need to be provided by the consortium. 
 
Technical reports. 
 

• An evaluation of the reliability of the object recognition software. Separate reports for the test 
campaigns and long-term followup. 
 

• A report on the robustness and survivability of automotive COTS sensors in the harsh environ-
mental conditions of the Föri. 
 

 
 
A proposal for an optimal architecture, hardware, and software for the navigation of a real älyföri.  

 

• An analysis of the level of sensor network redundancy that will be needed in a real Älyföri. A real 
älyföri may or may not need all five onshore sensors that are required for this project; however, it 
will almost definitely need some of them.  The data collected in the project must be used to esti-
mate the minimum number and also optimal placement of additional sensors. 
 

 
 
A documented and annotated learning data set, and an interface to the data set. 
 

• A well-documented AI system which is able to accurately emulate and predict the operative be-
havior of the current Föri cable ferry in Turku.   

 
 

3.3.2 Optional outputs 
 
Some additional outputs could be directly derived from the previous results, but may require separate 
funding decisions.  
 
Risk analysis 
 

• A comprehensive risk analysis will be needed to satisfy safety regulations for an autonomous 
ferry. The documentation must be sufficient to significantly speed up the development of a future 
autonomous ferry. 
 

• The navigational parts of the risk analysis can be studied in detail based on data from this pro-
ject, and mitigation actions proposed. 
 

 
 
 

4 Administrative issues 

 
 

4.1 Project personnel and steering 
 
 
 
At the City of Turku, the project personnel consists of a fully allocated project manager (Jakke Mäkelä), 
supported as needed by others in Smart and Wise Turku and other city units. Practical operations will be 
outsourced to two main partners: Turku University of Applied Sciences (overall infrastructure and hard-
ware) and Åbo Akademi (overall software architecture). 
 



 

 

The project is funded by Smart and Wise Turku / Transport and Mobility (SAWT/TM), and top-level deci-
sions will be made  by the SAWT/TM steering group. 
 
Internal steering of the project is done by the Älyföri internal steering group, which in January 2020 con-
sists of: 

• Sirpa Korte (chairperson; head of Turku Mass Transit Authority Föli) 

• Tapio Järvenpää (head of Smart and Wise Turku) 

• Stella Aaltonen (Transport and Mobility project manager, City of Turku) 

• Topias Pihlava (development manager, Föli) 
The internal steering group meets at least monthly, and guides the practical activities of the project. 
 
 
External steering of the project is done by an external advisory board, consisting of: 

• Mirva Salokorpi (chairperson; Aboa Mare) 

• Timo Huttunen (Turku Science Park) 

• Juha Hyyppä (NLS) 

• Johan Lilius (Åbo Akademi) 

• Jarkko Paavola (Turku University of Applied Sciences) 

• Aleksi Uttula (Traficom) 

• Ismo Vessonen (VTT) 
 
The external advisory group meets as needed, and reviews the plans and progress of the project. It 
gives guidance to the project manager, and provides an independent evaluation of whether the actions 
planned in the project appear to be fulfilling the targets of the project. 
 
 
 

4.2 Funding 
 
Exact work packages and division of labor will be defined in February-March 2020.  The project will not 
be tendered, since the traditional tendering process is not suited for this type of project. Instead, the City 
of Turku will utilize the R&D exception of the Act on Public Procurement and Concession Contracts (see 
hankintalaki (1397/2016) 9 § 1 momentti 13 kohta, in English here).  The exception allows direct pur-
chases in the case of R&D projects which have multiple partners. The City of Turku has budgeted an ab-
solute maximum of 400,000 EUR for the project. 
 
A consortium will be gathered in February-March 2020 under a framework agreement (yhteistyösopimus) 
and specific work packages will be defined within the consortium. The opening session (vuoropuhelu) to 
form the consortium will be on Feb 25, 2020.  
 
All contracts needed in the project will be done in Finnish. The internal documentation of the project will 
be in English, to facilitate international cooperation. 
 
 
 

5 LIITE: KUTSU MARKKINAVUOROPUHELUUN 

Tämä on kutsu markkinavuoropuhelutilaisuuteen, joka koskee Turun kaupungin Smart and Wise Turku -
kärkihankkeen Älyföri Testbed -projektia. Tämä ilmoitus ei ole hankintailmoitus eikä tarjouspyyntö, vaan 
kutsu markkinavuoropuheluun. Tämä kutsu ei sido kutsun antajaa tai kutsuun vastanneita.  

 Turun kaupunki suunnittelee tutkimus- ja tuotekehityskonsortiota selvittämään mahdollisuuksia rakentaa 

2020-luvun aikana Turun olosuhteisiin sopiva täysin autonominen jokilautta Aurajoen alajuoksulle. Kon-
sortio ei suunnittele lauttaa, vaan keskittyy vuosina 2020–2021 instrumentoimaan nykyisen Föri-lautan 
ympäristöä ja luomaan järjestelmän, jolla joen tilannekuvaa voidaan analysoida reaaliaikaisesti.  

  

https://www.finlex.fi/fi/laki/ajantasa/2016/20161397#O1L2P9
https://www.finlex.fi/en/laki/kaannokset/2016/en20161397


 

 

Hankinta suoritetaan hankintalain tarkoittamana tuotekehityshankkeena (vrt. hankintalain (1397/2016) 9 
§:n 1 momentin 13 kohta), eikä hanketta kokonaisuutena kilpailuteta. Hankkeen toteutustapa edellyttää, 
että osa konsortion osallistujista sijoittaa hankkeeseen omaa rahoitusta tai muita resursseja. Konsortion 
perustamisen yhteydessä solmitaan erillinen yhteistyösopimus. Hanke strukturoidaan pienemmiksi työ-
paketeiksi, joihin sovelletaan joko suorahankintaa konsortion sisällä tai avointa kilpailutusta. 

Markkinavuoropuhelun tarkoituksena on selvittää konsortion perustamiseen liittyviä asioita. Tavoitteena 
on kartoittaa mahdollisia osallistujia konsortioon sekä saada kattavasti tietoa toteutusmahdollisuuksista. 

Alustavasti on suunniteltu, että varsinainen konsortio käynnistetään maalis–huhtikuussa 2020, ja testbe-
din mittausten tulee alkaa viimeistään vuoden 2020 lopulla.  

Markkinavuoropuhelu järjestetään 25.2.2020 klo 12.30–16.00 Turussa Turun linnan Bryggman-salissa. 
Pyydämme kaikkia hankinnasta kiinnostuneita ilmoittamaan halukkuutensa osallistua markkinavuoropu-
heluun ja mahdolliset erityisruokavalionsa sähköpostitse osoitteeseen mikko.harteela@turku.fi sekä esit-
tämään mahdolliset kysymykset tarjouspalvelu.fi-portaalin kautta 17.2.2020 klo 11 mennessä. Kysymyk-
set käsitellään tilaisuudessa. 

Lisätietoja Älyföri Testbed -projektista ja tilaisuudesta antaa projektipäällikkö Jakke Mäkelä (+358 40 141 
7478, jakke.makela@turku.fi) 

Hankintayksikkö ei sitoudu toteuttamaan hankintaa markkinavuoropuhelukutsun tai markkinavuoropuhe-
lun perusteella, eivätkä esitetyt kuvaukset/määritykset sido Tilaajaa. 
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