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Introduction
The maritime and shipping industry is facing a major change in the way ships and
transportation at sea is designed, built and operated. The ships have historically been very
independent, designed to be operated by a crew, headed by a captain, handling all operation,
navigation, routing, service and repairs while at sea. Now, the objective is to transform the
shipping industry to be flexible, autonomous and a highly reliable part of a global logistics
chain. There are several organizations doing research and development to achieve these new
objectives.
In the future, the vision is that the ships perform autonomous navigation, perform optimal
routing, perform self-diagnostics, order maintenance and repair when needed. Some ships
are designed to be completely unmanned, but can be supported by land-based operational
centres when required.
To provide autonomy at sea, communication is a key technological component. Without
communication, it is impossible to provide navigational support. In order to provide this
navigational support, to provide diagnostics data, to be able to exchange all kind of data
between ships and land, effective, reliable and low-latency wireless communication is needed.
The base set of communication technology for marine use has been analogue radio systems,
mainly Very High Frequency (VHF) for line of sight distances, and High Frequency (HF) radio
for almost global coverage. Later on, these systems have been supported by limited digital
services, like Digital Selective Call (DSC) and Automatic Identification System (AIS) in the
VHF system. Close to coastline, mobile standards like GSM, 3G and 4G are available,
providing data transfer. These have, however, high variance in capacity and latency. Satellite
based systems have been available for nearly global data coverage, but these have rather
high costs for large data transfers and large latency.
In this report the building and results of operating an Ultra High Frequency (UHF) band,
Machine to Machine (M2M), communication test network in the archipelago of Turku is
presented. The objective of building this network was to get information on reliability, latency,
signal propagation, and operational challenges in a marine environment characterized by the
archipelago. The archipelago, with its relatively narrow routes between a multitude of small
islands, puts challenges on the navigation, as the time for reaction to new situations is short.
Hence the reliability of the communication channel to unmanned ships in this environment is
crucial. The report covers the technical aspects of building the network, the information on the
network design, as well as some results on the performance from the approximately 6 months
of time the network has been operational.
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Partners in the test network
The following partners have contributed to the test network project.
● Novia University of Applied Sciences - Project coordination
● Satel - Main technology provider: Radio technology / on-site equipment
● Rosita Ltd - Eivor vessel (since February 2018 Saariston Meritie)
● Åbo Akademi University - Korpoström location / Data handling and analysis
● Finnish Transport Agency - Flatö location
● Vaisala - Provider of weather transmitter
● (Empower / Subcontractor) - Installation of equipment Eivor/Flatö/Korpoström

Test network setup
In the following section, we present the description of the test network. The test network was
planned to test radio communication in a mobile marine environment, supporting a ship-toshore communication scenario. The Turku archipelago provides a very unique environment
for these tests, as the archipelago consist of a large number of islands, where the propagation
channel is a mix of line-of-sight communication (over sea areas) and communication with
obstacles (small islands in between). The objective of the test network is to provide a scenario
where we could test how communication works in various environments.
The setup was planned to support the testing of a number of parameters for the test network;
general reliability, Received Signal Strength Indicator (RSSI), Signal to Noise Ratio (SNR),
mobility, latency, effect of weather, effect of time of day and time of year, radio parameters
such as transmission power, modulation and coding, error correction, and frequency band
used.
In the planning of the test network the challenge was to find the right location, with a basic set
of infrastructure. We were able to acquire access to the maritime vessel Eivor to be the mobile
station of the test network. The Eivor vessel is a key infrastructure component in the Turku
archipelago, providing transportation to the major islands in the southern Korpo archipelago.
Around the route of Eivor, we got access to the location for the base station and the repeater
station:
● Flatö (Repeater Station, BS2) - location with a mast operated by the Finnish Transport
Agency. Access to mast and electric power.
● Korpoström (Base Station, BS1) - Marine biologists from Åbo Akademi University has
a location in Korpoström with electrical power and fixed high-speed Internet
connectivity. Figure 1 shows a geographical overview of the base station (BS1, BS2)
locations and the approximate ship route (dotted red line).
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Figure 1 Overview of test network location

Schedule of the test network building / operating
The test network was planned in a set of meetings:
● 16.8.2017 Satel / Salo
● 1.9.2017 / Novia / Aboa Mare /Turku
● 15.9.2017 / Novia / Aboa Mare /Turku
● 17.10.2017 / Novia / Aboa Mare / Turku
● 18.12.2017 / Satel / Salo - Network operation review meeting
● 31.1.2017 / Novia / Aboa Mare / Turku
Dates for the construction of the network:
● 24.10.2017 Visit to Flatö / Korpoström to check installation locations
● 16.11.2017 Installation of equipment on Flatö Island
● 21.11.2017 Installation of equipment on Vessel Eivor
● 30.11.2017 Installation of equipment in Korpoström

Equipment in the test network
All 3 locations (Mobile station vessel Eivor, Repeater Station, Base Station) in the network
were equipped with the same set of basic equipment. All stations were similarly equipped,
consisting of a cabinet with a UHF radio modem (Satel), a 3G/4G radio system, an industrial
grade PC, running with the Linux operating system, and antennas for UHF and 3G/4G
communications. The mobile station was additionally equipped with a GPS and a weather
3

station (Vaisala WXT520-series), producing location, speed, heading and weather information
to be used as telematics information to be transferred.
The UHF IP network was used solely by m/s Eivor to measure the ping time and transfer speed
(bits per second) between the mobile station and the land stations. Received Signal Strength
Indication (RSSI) and Signal-to-Noise Ratio (SNR) information was gathered from the UHF
radio network. All UHF network measurement results were stored locally on an SSD along
with weather and location data, which were acquired every 5 seconds. The combined data,
which now had both timestamp and location information, was sent over the 3G/4G network to
the server to be analysed. The 3G/4G network was also used for remote monitoring and
controlling of all stations.

Installation on the vessel Eivor
The equipment was installed on m/s Eivor November 21, 2017 while berthed in Pärnäs /
Nauvo. In this installation the equipment cabinet and antennas for the UHF modem and 4G
communications was installed. Additionally the Weather Transmitter and the GPS receiver
were installed. The installation was performed by the subcontractor Empower (installation
shown in Figure 2, Figure 3, Figure 4 ).

Figure 2 Equipment cabinet on m/s Eivor
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Figure 3 Antennas on m/s Eivor

Figure 4 Equipment installation on m/s Eivor.
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Equipment on Flatö
The Flatö site is on a small island next to in the route that m/s Eivor travels. There is a
communication mast (Figure 5) on the island, on which we added the antennas for UHF and
4G. This process is shown in Figure 6.

Figure 5 Antenna mast on Flatö island

Figure 6 UHF / 3G antenna installation in mast on Flatö

6

Equipment in Korpoström
Skärgårdscentret (Figure 7) in Korpoström1 resides on the Korpo island and provides
exhibitions, accommodation and other services, and is partly operated by Åbo Akademi
University. In these facilities the base stations, with fixed Internet connection were installed
(Figure 8).

Figure 7 View of Korpoström skärgårdscentrum (picture by YLE/Linus Hoffman)

Figure 8 Antenna installation in Korpoström

1

https://skargardscentrum.fi/
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Type /role

Equipment

Eivor

Mobile Station

Equipment
15 m
cabinet+GPS+w
eather
transmitter

21.11.2017

Flatö

Fixed repeater

Equipment
cabinet

30 m

16.11.2017

Korpoström

Fixed
station

20 m

30.11.2017

base Equipment
cabinet+fixed
intern access

Antenna height

Installation date

Table 1. Overview of test network sites

Overview of the test network
The goal of the test network was to get information about the reliability of UHF links in an
archipelago environment. For this purpose, devices were installed into three sites:
Korpoström, which acted as a base station, Flatö, which was a relay station and m/s Eivor,
which was a mobile vessel station (Table 1).
In each station, there was a Satellar UHF IP radio, which was used to deliver test data between
ship, relay station and base station. There was also a 3G/LTE modem, which was used to
deliver measured data and to remotely control devices. The remote control was also possible
through a UHF radio link - this was verified several times during the testing. On the mobile
vessel station, there was also a GPS receiver and a weather station, in order to get precise
location and weather information.
During the test, the mobile vessel station was sending test data through the UHF radio link to
the relay station, forwarding it to the base station, and measuring the bandwidth and latency
of the radio link. The radio link quality was reported both to the AWS data cloud (for further
analysis) and to the Zabbix server (for generating instant graphs). The location of the mobile
vessel station and weather conditions was sent periodically to the AWS. An overview of the
signals in the network is illustrated in Figure 9.
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Figure 9 Overview of test network and signals

Measurements and analysis
After setting up all the equipment, we started doing the measurements. The time interval for
these was between 20.11.2017-9.4.2018. We recorded the output of all the measurement
subsystems every 5 seconds during this period. The speed of this data transfer was on
average 17 kb/s. The measurements from the sensors themselves bear no relevance to the
topic of this research, but the reliability of receiving these measurements on the server is an
important part of the project. In this chapter we are going to show the reliability of the system
and possible reasons for the loss of data.
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Signal strength heatmap
To get an overview of the signal strengths recorded during the measurements, a heatmap was
produced. In this heatmap, the Received Signal Strength Indicator (RSSI) values recorded are
plotted at corresponding recorded GPS positions. The heatmap of the complete route is shown
in Figure 10, and a zoom-in in Figure 11.

Figure 10 Heat map of signal strength along m/s Eivor’s route
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Figure 11 Details of heat map close to Flatö island

Modulation techniques
During the measurements, two different modulation techniques were used. In the beginning
of the experiment, fixed modulation techniques were used. Around the beginning of February,
an adaptive modulation technique was introduced which changes dynamically according to
radio link conditions. It was seen, that there was benefit from dynamically adjusting modulation
scheme: the data throughput was constantly more stable, even on weak signal conditions. On
the fixed modulation, the data throughput on good signal conditions was better than when
using adaptive modulation, but when the signal quality weakened, the data speed dropped.
This can be seen from Figure 12, where the average RSSI was higher before the modulation
was switched and lower afterwards, but dropped mid-march, when the signal was bad.
When an adaptive modulation scheme was used, the average latency of the UHF radio link
between mobile vessel and the base station, when the signal jumped over the relay station,
was around 400 milliseconds. The signal quality of the radio link did not affect the latency very
much. During the first part of the test, when the modulation was set to be fixed, the average
latency was the same, but on very weak signal conditions, when the mobile vessel was far
from the relay station, the latency was sometimes up to 980 milliseconds. This was due to
data re-transmissions.

Data bandwidth
The achievable data bandwidth in a wireless communication system is dependent on a
multitude of parameters. These parameters include transmitter power level, modulation
technique, error correcting used, RF bandwidth used, and antenna systems. This test network
was designed for transferring telemetry-type data, and the data rate was in the range 50-100
kbit/s, depending on modulation used.
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Figure 12 Weekly average RSSI during the test

Reliability
After receiving the data in the server, the first thing we did was to check the amount of data
that we received and compare it to the amount of data that had been sent. With the exception
of the gps-sensor (the general-purpose sensor was not designed for maritime use and it was
not working on 2 separate occasions, so accuracy dropped), we received more than 99.14%
of all the planned measurements. The sample count is shown in Table 2, where the expected
number of samples is the number of 5s-intervals in the measurement period.

Expected # of samples

2 403 638

Subsystem

% of samples received

# of samples

Weather station

99.18%

2 384 046

Satellar

99.14%

2 383 051

GPS

72.87%

1 751 624

Table 2. Table for the amount of samples received
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Effect of weather

Figure 13 Effect of ice cover on signal strength

During the test period presented in this report, we had a very special winter with the sea
covered with level ice for a period of more than two weeks. Figure 13 shows a histogram of
the RSSI while the vessel is moving in no-ice conditions compared to level ice conditions,
where the ice conditions are from February 24th 2018 until Match 10th 2018. The histogram
shows a significantly higher probability of high RSSI in the presence of ice, which very well
could be due to reflections of the radio waves from the level ice surface.

Effect of humidity
We also used the data to analyse the effect of humidity. In Figure 12 the probability of RSSI
when the vessel is stationary (in harbour) is plotted for high relative humidity (>90 %) and
lower humidity (<90 \%). From the figure we can see that humidity generally decreases the
RSSI, as the density of the histogram has moved to lower RSSI for high humidity.

13

Figure 14 Effect of humidity on signal strength

Further Analysis
To help improve the system in the future we tried to analyse the data further and figure out the
reasons why we didn’t get all of our planned measurements. We can analyse where we have
lost samples by looking at the time between the samples we got. The measurements were
planned to take place with 5s-intervals, which leads us to look at samples where the interval
is higher than this. The question is how 0.86% of the measurements were lost. For this purpose
we plotted the delay between consecutive measurements of data on the server as shown in
Figure 15. This allowed us to see latency at each point in time.
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Figure 15 Latency in seconds during the measurement interval

At first look there was one region with high latency intervals in the beginning of March when
there were multiple times that latency was high. Other than that period, there did not appear
to be any visible regularities. We tried to see whether these high-latency periods were
dependent on weekday, time of day or weather, but there was no indication for there to be any
relation to that.

Figure 16 Relationship between time of day and RSSI

In Figure 16 we plotted the relationship between the RSSI strength and time of day when the
ship was stationary. We can see that RSSI is low most of the time that the ship is berthed, but
during daytime, the RSSI oscillates higher and lower. It is also during this time that the
sampling interval jumps noticeably. This regularity forces us to make the conclusion that
weather conditions were not the cause for these spikes.
The majority of the samples when m/s Eivor is berthed, are measured in the Pärnäs harbour.
From Figure 16 above can be observed that there are more variability in the signal during
daytime. During the daytime, there is activity in the Pärnäs harbour, which could affect the
signal strength.
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Conclusion
A test network was built in the Turku archipelago, to investigate how UHF radios can be used
to support the operations of autonomous vessels. The UHF network consists of three nodes.
Two nodes have a static position on Flatö and Korpoström. The third node is mounted on the
Eivor vessel, which is part of the transportation infrastructure transporting people and goods
between islands in the Turku archipelago.
Weather, position and signal strength measurements were collected from m/s Eivor using the
network, during the period 20.11.2017-9.4.2018. We were interested in how the observed
signal strength would vary depending on the parameters we measured. However, we could
not observe that the sometimes even harsh weather conditions in the archipelago would
distribute the data collection. On the other hand, we observed that there is more variability in
the signal strength during the day, even when m/s Eivor is berthed. We do not, at this moment,
know the reason for this variability, and we believe that the reason must be found outside of
the measured parameter set.
The network is still operational at the time of writing, and there are plans to continue the
measurements to get observations from all seasons. In the measured data set we see ice
conditions and storms, but we lack measurements from the summer where sun radiation is
stronger and human activity plays a larger role.
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