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1. Introduction
The following document presents the results of the extensive measurement campaign at the Baltic Sea
waters conducted as a part of the Work Package 4 of the EU e-Navigation EfficienSea project. All the
activities described in this paper were carried out by the National Institute of Telecommunications (NIT) in
cooperation with other Polish EfficienSea partners, i.e.: Maritime Office in Gdynia – MOG and Gdynia
Maritime University – GMU.
The campaign took place in the second part of 2011 and consisted of four parts lasting from one to five
days, during which over 40000 measurement points have been collected.
The structure of the document is as follows: firstly the main purposes of the campaign will be briefly
explained, after which the measurement set and equipment that has been utilized will be introduced. In
the next section, the authors will present the detailed information about the campaign, and particularly will
indicate which geographic areas were covered during each of its parts and what kind of measurements
were taken. The main, and by far the most extended, part of the document will be filled by the
presentation obtained results, with their analysis and interpretation. Finally, a short conclusion will be
presented.
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2. The purpose and methodology of the measurements
Generally, there were four main goals of the measurement campaign:
1.

The analysis of the coverage, availability, type and quality of the 2G/3G data transmission services
offered by one of the Polish cellular providers at the Polish waters (particularly the Bay of Gdansk)
and one of the Danish/Swedish providers at the Øresund strait. The most important output of this
part of the measurements is a graphic illustration (e.g. in the form of a map) indicating which data
transmission service (EDGE, UMTS or HSPA) is available in the particular area of interest. Besides
that, there is a big number of additional information, such as: actual achievable throughputs (for
uplink and downlink), ping values, signal levels, Cell-IDs, etc. Obviously in order to make the
obtained results valuable and reliable, it was necessary to ensure that: (1) the measurement points
were spread across the whole interesting area (i.e. the Polish waters, Øresund Strait), (2) their
number was large, and (3) each neighbouring point was as close to one another as possible. On the
basis of the obtained measurement data, the interpolation and extrapolation have been
performed, thus providing an information for 100% of the analysed area.
It should be noted that analyses like this are generally rare and hard to obtain. Information about
the coverage offered by the providers usually applies strictly to land and only includes the
theoretical values of the throughput. The measurements described in this document have been
carried out according to quite an opposite approach: they were limited to the sea and the
presented throughput values were the actual (measured) ones, which gives a much better idea
about the transmission capabilities associated with a particular area than merely the theoretical
values (obviously, the fact that a given region is covered by e.g. HSPA 7.2/5.76, does NOT imply that
the maximum theoretical throughput is available at all times and at every single point of such
region).
The measurement set for this part of the campaign can be schematically depicted as in Fig.1.

2.

The measurements of the signal level transmitted by a TETRA base station, placed in the city of
Gdansk and operated by the Gdansk University of Technology. Those tests have been made in
several points throughout the Bay of Gdansk.

3.

The measurements of the signal level transmitted (in the downlink) by VHF Data base station,
placed in Lynetten, Copenhagen1.

4.

The estimation of the data transmission capabilities provided by one of the existing satellite
networks, Iridium.

1

The base station’s parameters are as follows: latitude: 55°41’50’’ N, longitude: 12°36’49’’ E; antenna mounting
height: 94 m AMSL (89 m AGL); nominal transmitter power: 25 W (but considering the transmission losses and
antenna’s gain, the EIRP is 8 W).
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Figure 1. The measurement set for 2G/3G systems tests

The detailed methodology for each of the above four points is presented below.
Ad 1) The methodology of the measurement is as follows. In the NIT building in Gdansk, an external FTP
server (connected to the Internet via a very fast fiber connection) has been activated, and 13 test files have
been uploaded into it. Those files contain some random data and they vary in size (the possible sizes of the
test files are: 10 kB, 25 kB, 50 kB, 100 kB, 250 kB, 500 kB, 1 MB, 2,5 MB, 5 MB, 10 MB, 25 MB, 50 MB and
100 MB). The rest of the necessary measurement equipment is placed aboard the ship.
Probably the most important element of the measurement set is an application module. This software tool
(developed by the NIT for the purposes of this campaign) handles all the functions connected with control
over the equipment and FTP client, triggers the subsequent steps of the measurement algorithm, performs
efficiensea.org
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the necessary calculations and stores the results. It also has a very strong capability of detecting and
handling errors and unexpected situations, so consequently the whole measurement process is as
automatic as possible.
Using the GSM/UMTS/HSPA Module, a radio link between the ship and the External FTP server is
established. The module always chooses the best available service (EDGE/UMTS/HSPA), which gives us an
instant information about the service available in a given area. Having established the connection, it is now
possible to start bi-directional data transmission between FTP ↔ ship and to measure its duration. In order
to test the downlink transmission, the application module starts to download a file from the FTP server; to
test the uplink transmission, the same file is uploaded into the FTP. The size of the file that is being
transmitted in a given moment is not random, but selected by the application module according to the
special algorithm. If the available throughput is low, the file size is gradually decreased so that the duration
of a single measurement was not excessively long; on the other hand, if the throughput increases, it is also
possible to increase the size of a test file. So we might say that in this case the file size is changed
adaptively. After finishing the transmission, the software calculates the real throughput (separately for
downlink and uplink), which is done through dividing the (known) file size by the (measured) transmission
duration. The GSM/UMTS/HSPA modem allows to obtain some additional parameters as well, i.e.: signal
level (in dBm), number of the utilized GSM/UMTS channel and Cell ID. Through the ICMP protocol, the
value of the ping is also extracted.
Additionally, the application module is connected with the Anritsu MS2721B programmable spectrum
analyzer to enable the channel power measurements.
An integral part of the measurement set is a GPS module which provides a precise location- and timestamp for every single measurement record (additionally, the current speed in km/h, course in degrees and
altitude in m AMSL are obtained). Besides the dedicated GPS module, the spectrum analyser is also
equipped with an in-built GPS receiver.
After finishing a complete single measurement, the application module creates a record with the results.
Every record comprises the following information:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Date and time of the measurement;
Geographic coordinates (longitude and latitude);
Type of link (downlink/uplink);
Measured transmission throughput [in kb/s];
Measurement duration [in ms];
Amount of the transmitted data [in bytes];
Ping [in ms];
Available service [EDGE/HSPA/UMTS];
Signal level [in dBm];
Speed [in km/h];
Course [in deg];
Altitude [in m AMSL];
Cell ID;
Nr of GSM/UMTS channel;
Channel power [in dBm].
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Since the spectrum analyzer makes its own measurements as well, it also creates a log file with the results.
As it was already mentioned, the analyzer is equipped with an in-built GPS receiver, so every record in this
log file is marked with a time-stamp and precise geographic coordinates of the point where the current
measurement took place.
Ad 2) The measurements in this point are quite self-explanatory. The signal level of the TETRA station was
measured in several selected points of the Bay of Gdansk using the A.H. Systems antenna and utilising the
standard functions (i.e. channel power measurement) of the Anritsu spectrum analyzer.
Ad 3) The methodology of these measurements was as follows: in the first, preparatory step, software
simulations2 of the VHF Data station’s useful coverage (Fig. 2a) and interference range (Fig. 2b) have been
carried out; their results allowed to select (a) an optimal route across the Øresund Strait and (b)
measurement points’ locations (Tab. 1). In the second step, it was necessary to establish an uplink
connection using the VHF Data terminal (placed aboard the ship). After the base station responded, its
signal level was measured using the Anritsu Spectrum Analyzer and A.H. Systems antenna.
Ad 4) The methodology in this case was as follows: after connecting to the Iridium network, a http-based
net speed tester was launched, providing us with a rough estimation of uplink/downlink speeds and
latency.

Figure 2a. The useful coverage of the VHF Data station in Lynetten (obtained in the simulations) and the scheduled
th
route for the “Danish/Swedish” part of the measurement campaign’s 4 stage (solid red line).

2

These simulations have been made according to the procedure described in the document “AIS Coverage Analysis”
created by the NIT in the earlier stage of the EfficienSea Project.
efficiensea.org
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Figure 2b. The interference range of the VHF Data station in Lynetten (obtained in the simulations) and the scheduled
th
route for the “Danish/Swedish” part of the measurement campaign’s 4 stage (solid red line).

TABLE 1
The geographic location of the locations of the measurement points

Measurement
point numer
1
2
3
4
5
6
7

efficiensea.org

Longitude

Latitude

12°53'50 E
12°50'02 E
12°43'44 E
12°38'47 E
12°40'55 E
12°41'31 E
12°37'36 E

55°37'15 N
55°44'40 N
55°56'03 N
55°52'51 N
55°42'04 N
55°30'35 N
55°19'05 N
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3. The utilized measurement equipment and software
In this part, some basic information on the hardware and software utilized during the measurement
campaign will be presented.
Measurement antenna – for the purpose of the measurement campaign, the highly-precise, calibrated
SAS-521F-7 antenna by A.H. Systems will be utilized. It is a biological (hybrid log periodic-biconical)
antenna, operating in a wide frequency range of 25 MHz ÷ 7000 MHz. Its impedance is 50 ohm, and the
maximum continuous power – 400 Watts. The physical dimensions of the antenna are as follows: height –
56.4 cm, width – 97.8 cm, length – 99.1 cm and weight – 2.04 kg. The recommended cable for this
particular antenna is a 3 metre SAC-211 (N-N cable) – also by A.H Systems; during the campaign two such
cables connected together will be utilized. This cable’s loss at 2000 MHz is 1.2 dB.
The antenna is depicted in Fig 3.

Figure 3. The SAS-512F-7 antenna

GSM/UMTS module – this element is made based on the Dev Kit platform by Sierra Wireless, which was
originally manufactured for testing telecommunication devices. This platform is equipped with a card slot
supporting both regular modems as well as professional ones for measurement purposes. On the Dev Kit
platform, a GSM/UMTS MC-8795V card was installed; it is a 4-band HSPA wireless module supporting data
transmission with rates up to 7.2 Mb/s (downlink) and 5.76 Mb/s (uplink) and also voice transmission. The
described modem uses such interfaces as: HSUPA, HSDPA, EDGE, GPRS, GSM and operates in the following
bands: WCDMA 850/900/1900/2100 MHz and GSM/GPRS/EDGE 850/900/1800/1900 MHz. The MC-8795V
card provides a very extensive support for the transmission of voice (HR, FR, EFR, AMR codecs, DTMF, echo
cancellation, noise suppression, automatic gain control). As it was mentioned, the module is installed on
the Dev Kit platform, which makes its configuration relatively easy and offers access to the most important
ports of the device. As far as GSM/UMTS module’s configuration is concerned, two options are possible:
using the AT commands or through the Application Programming Interface (API) provided by the producer,
Sierra Wireless company.

efficiensea.org
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The Dev Kit platform and the MC-8795V card are depicted in Fig 4a and 4b respectively.

a)

b)

Figure 4. a) Dev Kit platform, b) MC-8795V card

GPS module Holux M-215 – a wired GPS receiver equipped with a MTK chipset. It is connected to the
computer through a USB cable on which a virtual COM port is created. The element supports data
transmission protocol NMEA0183 v.3.01. Its sensitivity is -159 dBm and the cold-start time is 36 seconds.
This element is depicted in Fig. 5.

Figure 5. Holux M-215 GPS module

MS2721B Spectrum analyzer (by Anritsu) – is a high-performance handheld spectrum analyzer, operating
in the frequency range of 9 kHz ÷ 7.1 GHz. It is suitable for a great variety of RF, microwave or cellular signal
measurements, even in the harsh physical environment. Some of its most important features have been
gathered below:

efficiensea.org
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•
•
•
•
•
•
•
•

1 Hz to 3 MHz RBW range;
Very low phase noise;
Built-in preamplifier;
65 dB step attenuator;
Input protected to 20 Watts;
Low weight (3.1 kg);
2+ hours of battery life;
Built-in GPS receiver.

The front panel of the MS2721B spectrum analyzer is presented in Fig. 6.

Figure 6. Anritsu MS2721B spectrum analyzer (front panel)

Iridium OpenPort – a user equipment of the Iridium Satellite network. As it is commonly known, Iridium’s
satellite constellation consists of 66 low-earth orbiting satellites that operate as a fully meshed network
and are supported by multiple in-orbit spares. The Iridium network has gateways in Arizona and Hawaii and
additional telemetry, tracking and control facilities in Alaska, Canada and Norway.
The Iridium OpenPort set that was utilized during the measurements is comprised of two main elements:
•
Above Decks Equipment (ADE) – which provides the communications between Below Deck
Equipment (BDE) and Iridium Satellites. This element has been depicted in Fig. 7a.

efficiensea.org
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•

Below Decks Equipment (BDE) – an appliance to which a user can connect their telephones and
computers. It can serve three POTS/RJ11 telephone set and one Ethernet data connection. The BDE is
shown in Fig. 7b.
Additionally, the BDE comprises the necessary cables, AC Power Supply Unit, two POTS handsets and
the SIM card.

The Iridium OpenPort works in the frequency range of 1616 – 1626.5 MHz.

(a)

(b)

Figure 7. a) Above Deck Equipment b) Below Deck Equipment of the Iridium OpenPort Set

VHF Data terminal – an onboard terminal of the VHF Data system (a wireless communications network on
maritime VHF frequency created by the Norwegian telecommunication carrier, Telenor). The VHF Data
system has base stations covering all coastal areas in Norway up to 70 nautical miles from the coast line, as
well as on most of the Norwegian oil installations in the North Sea. It enables a very stable and effective
long range communication. Generally, the system has been designed exclusively for maritime purposes.
VHF Data is easy to install and can be connected to the existing on-board networks. It can also
automatically switch between different communication carriers like Satellite or GSM modems.
Consequently, it can be considered a viable solution for a wide range of vessels, regardless of their size and
function.
The VHF Data terminal is presented in Fig. 8. It is equipped with the VHF Data Narrowband Radio Modem
MR160 which offers bit rate of 21,68 kb/s in the 25 kHz channel. Its sensitivity is −107 dB (at Bit Error Rate
of 10-3) and transmit power is in the range of 0.1 W – 25 W.
The VHF Data terminal utilises halfwave coaxial dipole antenna with vertical polarization. Antenna’s gain is
2,15 dBi (0 dBd) and WSVR < 1,5.
The transmission during the tests was conducted using the 63rd channel of the maritime VHF (downlink
frequency: 160,775 MHz, uplink frequency: 156,175 MHz).

efficiensea.org
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Figure 8. VHF Data on-board terminal

Application module – a software tool that is a central and most important element of the measurement
set. As it was mentioned before, this tool has a capability to trigger all the functions required by the
measurement algorithm and to store the obtained results. It communicates with GSM/UMTS/HSPA
module, FTP server, spectrum analyzer and GPS module and ensures the proper operation of these entities.
The software is able to detect most errors and unusual situations that might occur during the
measurements and to handle them accordingly. One the most important goals was to create a software
tool that will make the measurement process as automatic as possible, so that the required interaction
with a user was minimal. The trial tests that have been conducted before the actual measurement
campaign show that this goal was fulfilled.
The user interface of this application is in Fig. 9. In this picture the main functions of each of the modules
were indicated.
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Figure 9. User interface of measurement software tool
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4. The measurement campaign characteristic
As it was mentioned before, the whole measurment campaign was divided into four stages. The most
important information about each of the stage, including their dates, have been gathered in Table 2.
TABLE 2
The most important information on the measurment campaign

Stage

Date

Vessel1

1st

28.06.2011

Tucana

2nd

10.11.2011

Tucana

3m

Southern part of
the Bay of Gdansk

• 2G/3G Polish cellular
networks measurements
(services
availability,
throughput, ping, etc.)

3rd

17-18.11.2011
(2 days)

Horyzont II

10 m

Middle and East
part of the Bay of
Gdansk

• 2G/3G Polish cellular
networks measurements
(services
availability,
throughput, ping, etc.)
• Iridium satellite network
measurements

4th

5-9.12.2011
(5 days)

Horyzont II

10 m

• The Polish coast
from Hel
Pennisula to
Swinoujscie
• The Øresund
Strait along the
coast of
Denmark and
Sweden

• 2G/3G
Polish
and
Danish/Swedish cellular
networks measurements
(services
availability,
throughput, ping, etc.)
• VHF Data signal level
measurement

1)

2)

Receiver The covered area
antenna
height
3m
Western part of the
Bay of Gdansk

What was measured2

• 2G/3G Polish cellular
networks measurements
(services
availability,
throughput, ping, etc.)
• TETRA
signal
level
measurement

Tucana – ship operated by the Maritime Office in Gdynia; Horyzont II – ship operated by the Gdynia Maritime
University.
The specific and detailed information about the measurements have been provided in chapter 2 of this
document (pp. 4-8).
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In Table 3, the number of measurement points recorded during each stage of the campaign have been
gathered.
TABLE 3
The number of measurement points gathered during the campaign.

Campaign stage
1st (28.06.2011)
2nd (10.11.2011)
rd
3 (17-18.11.2011)
4th (5-9.12.2011)
Total number of
measurement points:

Number of measurement points
1875
1151
10561
27537
41124

In Table 4, the number of measurement points is presented again, but this time the values are indicated
separately for 2G and 3G systems and for different receiving antenna heights (3 m and 10 m).
TABLE 4
The number of measurement points gathered during the campaign for different systems and different antenna
heights.

System

UPLINK
DOWNLINK
TOTAL

2G
2G 3m
antenna
368
363
731

3G
2G 10m
antenna
6750
6745
13495

3G 3m
antenna
1145
1150
2295

3G 10m
antenna
12301
12302
24603

Below, in Figs 10-12, the actual ship’s route during the first three stages is presented.
/The last, fourth, stage of the campaign lasted five days and covered various areas of the Baltic Sea;
consequently it was very difficult to depict the whole route in a single picture. For this reason, this route has
been presented in a series of 12 maps that can be found in Appendix 1./
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st

Figure 10. The Tucana’s route during the 1 stage of the campaign on 28.06.2011 (solid red line)

nd

Figure 11. The Tucana’s route during the 2 stage of the campaign on 10.11.2011 (solid red line)
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Figure 12. The Horyzont II route during the 3

rd

stage of the campaign on 17-18.11.2011 (solid red line)

In Figs. 13-21, several pictures that document the measurement campaign, have been presented.
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Figure 13. Tucana – the ship utilized for the first and second part of the measurement campaign (the MOG ship)
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Figure 14. Measurement equipment aboard Tucana
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Figure 15. The SAS-512F-7 antenna mounted at the Tucana’s roof

Figure 16. Additional antennas mounted on the upper part of the Tucana
efficiensea.org
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Figure 17. Horyzont II – the ship utilized during the third and fourth stage of the measurement campaign (GMU ship)

Figure 18. Measurement equipment aboard Horyzont II
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Figure 19. The Above Deck Equipment (ADE) of the Iridium OpenPort set, mounted at the Horyzont II

Figure 20. Signal level measurements at the Horyzont II
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Figure 21. Additional antennas mounted on the Horyzont II
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5. Tests and measurements results
The following chapter presents the results obtained during all four stages of the measurement campaign.
The chapter is divided into three parts; the first one covers the results gathered for 2G/3G systems, the
second one deals with the VHF Data test and the last one is dedicated to TETRA and Iridium measurements.
At the end of each subchapter the most important conclusions and observations are provided.

5.1 Coverage and availability of 2G and 3G systems
The measurements of the 2G/3G cellular systems were by far the most important part of the whole Polish
campaign conducted during the e-Navigation EfficienSea project. The main aspects covered by the tests
included quality and coverage analysis of the data transmission services available on the Polish waters, as
well as in the Øresund Strait. Below, we present the obtained results.
In Figs. 22-23 the sample screenshots from the spectrum analyzer are shown. These screenshots have been
taken during the measurement of the signal level in the physical GSM and UMTS channels, respectively
(they were obtained in the 1st part of the measurement campaign, on 28 June 2011). The term “physical
channel” refers in this case to the channel that was utilized for the measurement of the most important
quality parameters in the given time and localization.

Figure 22. Screenshot from the spectrum analyzer taken during the signal level measurement
in the GSM channel
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Figure 23. Screenshot from the spectrum analyzer taken during the signal level measurement
in the UMTS channel

In Figs. 24-39 a set of 16 charts has been presented. The charts illustrate the following quality parameters:
transmission speed (for the uplink and downlink), ping (round-trip time) and signal level. They were drawn
separately for 2G and 3G systems and for two possible values of the receiving antenna height (i.e. 3 m and
10 m). Each chart has been presented as a function of distance; additionally, in order to visualise the
character of the analysed parameter’s behaviour, a logarithmic trendline has been added to each of the
following figures.
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Figure 24. Transmission speed vs. distance for 2G systems in the uplink
(receiving antenna height – 3 m)
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Figure 25. Transmission speed vs. distance for 2G systems in the downlink
(receiving antenna height – 3 m)
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Figure 26. Transmission speed vs. distance for 3G systems in the uplink
(receiving antenna height – 3 m)
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Figure 27. Transmission speed vs. distance for 3G systems in the downlink
(receiving antenna height – 3 m)
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Figure 28. Transmission speed vs. distance for 2G systems in the uplink
(receiving antenna height – 10 m)
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Figure 29. Transmission speed vs. distance for 2G systems in the downlink
(receiving antenna height – 10 m)
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Figure 30. Transmission speed vs. distance for 3G systems in the uplink
(receiving antenna height – 10 m)
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Figure 31. Transmission speed vs. distance for 3G systems in the downlink
(receiving antenna height – 10 m)
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Figure 32. Ping vs. distance for 2G systems (receiving antenna height – 3 m)
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Figure 33. Ping vs. distance for 3G systems (receiving antenna height – 3 m)
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Figure 34. Ping vs. distance for 2G systems (receiving antenna height – 10 m)
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Figure 35. Ping vs. distance for 3G systems (receiving antenna height – 10 m)
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Figure 36. Signal level vs. distance for 2G systems (receiving antenna height – 3 m)
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Figure 37. Signal level vs. distance for 3G systems (receiving antenna height – 3 m)
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Figure 38. Signal level vs. distance for 2G systems (receiving antenna height – 10 m)
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Figure 39. Signal level vs. distance for 3G systems (receiving antenna height – 10 m)
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In Figs 40-51, a set of 12 Complementary Cumulative Distribution Functions (CCDF) of the achievable
throughput is shown. Each of the following curves has been drawn as a function of the distance (in nautical
miles). The first four figures (Figs 40-43) represent the CCDFs for 2G systems (separately for uplink and
downlink and for the receiving antenna heights of 3 m and 10 m), the next four (Figs 44-47) include the
CCDFs for 3G system and the last four (Figs 48-51) depict the CCDFs for both 2G and 3G systems.
By definition, the CCDF describes the probability that a real-valued random variable X with a given
probability distribution will have a value equal to or greater than S.
It must be stated that any probability values (in %) indicated the following charts are true only under the
assumption that in a given moment the (2G/3G) network is actually available.

Figure 40. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 2G systems in the uplink (receiving antenna height – 3 m)
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Figure 41. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 2G systems in the downlink (receiving antenna height – 3 m)

Figure 42. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 2G systems in the uplink (receiving antenna height – 10 m)
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Figure 43. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 2G systems in the downlink (receiving antenna height – 10 m)

Figure 44. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 3G systems in the uplink (receiving antenna height – 3 m)
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Figure 45. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 3G systems in the downlink (receiving antenna height – 3 m)

Figure 46. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 3G systems in the uplink (receiving antenna height – 10 m)
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Figure 47. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 3G systems in the downlink (receiving antenna height – 10 m)

Figure 48. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 2G and 3G systems in the uplink (receiving antenna height – 3 m)
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Figure 49. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 2G and 3G systems in the downlink (receiving antenna height – 3 m)

Figure 50. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 2G and 3G systems in the uplink (receiving antenna height – 10 m)
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Figure 51. Complementary Cumulative Distribution Function (CCDF) of the achievable throughput
for 2G and 3G systems in the downlink (receiving antenna height – 10 m)

In Figs 52-60, a set of nine maps, which depict achievable throughput for the uplink, achievable throughput
for the downlink and ping, has been presented. The first three maps (Figs 52-54) cover the Southern and
Western part of the Bay of Gdansk and have been created as a result of the 1st and 2nd part of the
measurement campaign (ship Tucana, 28.06.2011 and 10.11.2011), the second group (Figs 55-57) covers
the Middle and Eastern part of the Bay of Gdansk and has been created as a result of the 3rd and 4th part of
the measurement campaign (ship Horyzont II, 17-18.11.2011 and 5-9.12.2011) and the last group of maps
(Figs 58-60) cover the Øresund Strait along the coast of Denmark and Sweden and has been created as a
result of the 4th part of the measurement campaign (ship Horyzont II, 5-9.12.2011).
It has to be noted that in order to create such a map for the whole area of interest, an
interpolation/extrapolation process had to be implemented. Nevertheless, the actual measurement points
have also been included in every map (dots in various colours).
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Figure 52. Achievable (interpolated) uplink throughput (data rate) for the Southern and Western part of the Bay of
Gdansk. Height of the receiving antenna – 3 m. Coloured dots represent the actual measurement points.
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Figure 53. Achievable (interpolated) downlink throughput (data rate) for the Southern and Western part of the Bay of
Gdansk. Height of the receiving antenna – 3 m. Coloured dots represent the actual measurement points.
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Figure 54. Interpolated values of ping for the Southern and Western part of the Bay of. Height of the receiving
antenna – 3 m. Coloured dots represent the actual measurement points.
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Figure 55. Achievable (interpolated) uplink throughput (data rate) for the Middle and Eastern part of the Bay of
Gdansk. Height of the receiving antenna – 10 m. Coloured dots represent the actual measurement points.
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Figure 56. Achievable (interpolated) downlink throughput (data rate) for the Middle and Eastern part of the Bay of
Gdansk. Height of the receiving antenna – 10 m. Coloured dots represent the actual measurement points.
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Figure 57. Interpolated values of ping for the Middle and Eastern part of the Bay of Gdansk. Height of the receiving
antenna – 10 m. Coloured dots represent the actual measurement points.
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Figure 58. Achievable (interpolated) uplink throughput (data rate) for the Øresund Strait. Height of the receiving
antenna – 10 m. Coloured dots represent the actual measurement points.
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Figure 59. Achievable (interpolated) downlink throughput (data rate) for the Øresund Strait. Height of the receiving
antenna – 10 m. Coloured dots represent the actual measurement points.
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Figure 60. Interpolated values of ping for the Øresund Strait. Height of the receiving antenna – 10 m.
Coloured dots represent the actual measurement points.

Comments
Below, the most important observations and conclusions that can be drawn from the results will be
presented.
At the beginning of the subchapter 5.1, two sample screenshot from the spectrum analyser taken during
signal level measurement in the GSM/UMTS channels were shown (Figures 22-23). Generally, this part of
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the chapter is self-explanatory, however it should be underlined here that in the case of GSM, the
measurements have been conducted for the channel width of 200 kHz, whereas for the UMTS, the channel
width was 5 MHz. These values are in accordance with the technical specifications of the respective
systems.
The next section of subchapter 5.1 was filled by the characteristics of the transmission speeds (for uplink
and downlink), pings and signal level, drawn as a function of the distance from land (Figures 24-39). The
charts were created separately for 2G and 3G systems and for receive antenna heights of 3 m and 10 m.
Before we begin the discussion of the specific results, it should be noted that due to the schedule of the
measurement campaign, much more results have been obtained for the antenna height of 10 m than for
the 3 m antenna. As it was previously explained, the 3 m antenna has only been available at the Tucana
ship, which was utilized during the 1st and 2nd stages of the campaign. These two stages lasted only two
days in total, as opposed to the 3rd and 4th stages which spanned over a total of 7 days3, hence the
disproportion between the number of results for different antennas. Consequently, it might be stated that
the results for the 10 m antenna are slightly more reliable than those obtained for the other antenna.
First, we will comment the figures illustrating the achievable transmission speed for 2G and 3G systems
(Figures 24-31).
In the case of 2G systems, the range does not exceed 35 km, which could be expected, given the theory of
the GSM system. Moreover, there are not many results for distances smaller than 5 km, which makes later
conclusions slightly less reliable in these cases. The above holds for both 3 m- and 10 m receive antennas.
When the 3 m antenna is utilised, the achievable throughput for 2G systems does not generally exceed
100 kbps (40-60 kbps on average), both in the case of uplink and downlink transmissions (however for
downlink the transmission speed values are a little bit lower and depend more significantly on the distance)
– see Figures 24-25. For the 10 m antenna, the achievable 2G throughput reaches up to 180 kbps for short
distances in the downlink and around 90 kbps in the uplink – see Figures 28-29 (it can be noted the entire
2G uplink throughput characteristic for the 10 m antenna exhibits a very similar behaviour to the one for
the 3 m antenna). When the distances are greater than 20 km, the achievable downlink transmission
speeds are generally similar for both possible heights of the receive antenna.
For the 3G systems, the observed downlink speeds are substantially higher than in the uplink. As far the
uplink is concerned (Figures 26, 30), the achievable 3G throughput values are similar for both heights of the
receive antenna. Generally, the transmission speed in the uplink does not exceed 1,2 Mbps, and the typical
values are around 0,5 Mbps. It can also be observed that when the 3 m antenna is utilised and the distance
from land increases, the transmission speed drops significantly; on the other hand, when the 10 m antenna
is utilised the above phenomenon does not occur.
For the 3G transmission in the downlink (Figures 27, 31), the achievable throughput limit is around
4,4 Mbps and 2,5 Mbps for antenna heights of 10 m and 3 m respectively. In the case of the 3 m antenna,
the transmission speed decreases more significantly with the distance than in the scenario with the 10 m
antenna. Nevertheless, the drop in the observed downlink throughput is more substantial compared to the
situation in the uplink.
Another group of the results comprised the achievable values of the ping parameter (see Figures 32-35).
After the analysis of this material, four general observation can be provided:
• Ping values for 3G systems are much smaller than for 2G system;
• The value of ping does not depend on the receive antenna height;
• The typical values of the ping for 2G system are in the range of 0,4 – 0,7 s;
• The typical values of the ping for 3G system are in the range of 100 – 200 ms.
3

rd

th

During the 3 and 4 stages, the 10 m antenna was utilized.
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The next group of the measurements results presented the obtained values of the signal levels (see Figures
36-39). As it can be seen, when the 10 m antenna is utilised, there is a substantial spread of the obtained
signal level values, whereas for the 3 m antenna, these values exhibit a much more “stable” behaviour.
Such phenomenon can be explained by different conditions during the measurements carried out at Tucana
(3 m antenna) and at Horyzont II (10 m antenna). At Tucana, the GSM antenna was placed at the ship’s
roof, which means there were no obstacles around the receiver. Consequently, the measured values were
at quite a similar level regardless of the direction the ship was heading for. The situation at the Horyzont II
was totally different, since the GSM antenna was located lower, in the middle part of the vessel. As a result,
when Horyzont II was heading in one direction, there were no obstacles around the receiver, but when it
was heading in the opposite direction, the ship’s body obstructed the line between the base station and the
receiver. Obviously, such a situation contributed to the fact that signal level values varied drastically, which
resulted in the “spread” characteristic.
Generally, the signal level changes logarithmically with the distance (see the trendlines in Figures 36-39),
which is consistent with the theory.
The analysis of the obtained characteristics indicates that the signal levels for 3G systems are generally
higher than in 2G systems. The possible reason of such behaviour is a fact that in case of 3G, the signal level
was measured after the despreading operation, so it included the CDMA process gain.
In the next part of the subchapter 5.1, a set of 12 Complementary Cumulative Distribution Functions (CCDF)
of the achievable throughput was presented. They were divided into three groups each four figures: the
first group of figures considered 2G systems only, the second – 3G systems only, and the last group covered
both 2G and 3G systems; given the above, we will discuss each of these groups separately.
After the analysis of the CCDFs for 2G systems only (Figures 40-43), it can be observed that for the 3 m
antenna, there is merely a slight probability of achieving the transmission speed greater than 50 kbps,
regardless of the distance from land. The above is true for both uplink and downlink scenarios. However,
when the 10 m antenna is utilized, the throughput does depend on the distance, particularly so in the
downlink. Here is the example: if the distance is in the range of 0-3 NM the probability that the downlink
throughput will exceed 100 kbps is about 50%; if the distance is greater than 12 NM, the probability of the
very same event drops to a mere 19%.
The analysis of the 3G system’s CCDFs (Figures 44-47) shows that throughput still depends on the distance,
but to a much lesser extent than it was in the 2G case. This holds for both possible antenna heights and for
both downlink and uplink (in fact, for uplink this dependency is virtually negligible). The above conclusion
may be found a bit confusing (or even wrong) – especially in case of the 3 m antenna and distances greater
than 12 NM – since the respective Figures (Figs. 44, 45) seem to contradict what has been written.
However, the reason for that is a very small number of measurements that could be taken such far away
from land (i.e., 3G networks were rarely available there, so only a handful of measurement results were
obtained). Consequently, for the distances exceeding 12 NM, the presented CCDFs are a bit less reliable.
In the case of the 10 m antenna and transmission in the downlink, the probability that the throughput will
exceed 1 Mbps is over 50%; in the uplink this probability is about 20%. In turn, the probability that the
throughput will be greater than 2 Mbps is around 20% in the downlink, but nearly zero in the uplink.
To confirm that for the 3G uplink transmission, the relation between throughput and distance is indeed
negligible, let us observe that regardless of the distance and antenna height, the throughput will exceed
750 kbps with a probability of roughly 40% (compare Figures 44, 46). On the other hand, in the downlink,
for the 3 m antenna there is 80% of probability that transmission speed will be greater than 250 kbps, but
for the 10 m antenna, there is 80% of probability that the throughput will exceed 500 kbps.
The last group of the CCDFs were created for both 2G and 3G systems (Figures 48-51). The observations are
as follows:
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•
•

In the downlink, the throughput depends on the distance, whereas for the uplink this effect is not so
visible;
In the uplink, the probabilities decrease at a faster rate, regardless of the antenna height. For example
in the distance range of 0-3 NM:
 The probability that the throughput will be greater than 50 kbps for the 10 m antenna is more
than 95% for both uplink and downlink,
 The probability that the throughput will be greater than 1 Mbps for the 10 m antenna is about
60% for the downlink but merely 22% for the uplink.

The final part of the subchapter 5.1 was filled with a set of maps depicting achievable throughput for the
uplink, achievable throughput for the downlink and ping (Figures 52-60). First, it should be underlined yet
again that the results presented in these maps were obtained through interpolation/extrapolation process
(which means that first a big number of measurement points were collected in specific locations and then
those results were “expanded” to the whole area of interest by way of mathematical operations).
Consequently, the closer to the actual measurement point, the more reliable the interpolation (and the
map).
After the analysis of the presented maps, we can provide the following comments:
• As the distance from land increases, the throughput drops (and ping values goes up). The character of
this relation is similar for the uplink and downlink.
• Practically the whole area around the Hel Peninsula was characterized by very small values of ping
(and high transmission speeds). This was due to the fact in that region, the 3G network was available
virtually all the time.
• It should also be noted that maximal achievable 3G throughputs in the Øresund Strait were generally
higher than those obtained in the Bay of Gdansk. The reason for that is probably the more modern
infrastructure utilised by the Danish and Swedish cellular providers.
• Across the whole Øresund Strait, the 3G networks were available almost all the time, which resulted in
small values of pings and high throughputs (a similar situation to that observed around the Hel
Peninsula). However in the Southern part of Sweden, such a situation only occurred around Bornholm.
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5.2 VHF Data signal level measurement
One of the campaign’s goals was the measurement of VHF Data base station signal level (in the downlink).
The station was located in Lynetten, Copenhagen. The procedure which was utilized during this type of
tests and the necessary equipment (VHF Data terminal) were described previously, in Chapter 2. In the
same chapter we also presented the geographic location of the seven points at which the measurements
were conducted (see Table 1).
In Fig. 61, a sample screenshot from the spectrum analyser is depicted. It represents the measurement
results for the 5th measurement point (21,45 km from the VHF Data station in Lynetten). As can be easily
noticed, the measured signal level in this case was −74.9 dBm.

Figure 61. A sample screenshot from the spectrum analyser obtained during the VHF Data signal level
measurements (in the 5th measurement point).
As it was mentioned in Chapter 2, a total of seven geographic locations have been selected and in each of
them the same signal level measurement has been performed. The location of the measurement points and
the respective signal level values are shown in Fig. 62.
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Figure 62. The measurement points (red points) and the VHF Data signal level values measured in each of them. The
blue triangle indicates the location of the VHF Data base station.

In Table 5, the measured values of the VHF Data signal levels have been presented yet again, alongside
additional information, i.e. the values of the measured field strength and the simulated useful field
strength.
TABLE 5
VHF Data signal levels, field strengths and simulated useful field strengths obtained for each of the measurement
points.

Measurement
point number
1
2
3
4
5
6
7

Distance from
the Base Station
[km]
4,32
14,81
19,77
20,55
21,45
27,36
42,22

Measured Signal
strength [dBm]

Measured field
strength [dBuV/m]

Simulated useful field
strength* [dBuV/m]

-41,1
-65,6
-73,0
-74,2
-74,9
-80,9
-89,0

81,9
57,4
50,0
48,8
48,1
42,1
34,0

65
49
40
44
33
35
20

*see also Fig. 2a, and the document “AIS Coverage Analysis” created by the NIT in the earlier stage of the
EfficienSea Project

The measured VHF Data downlink signal level as a function of the distance from the base station is
presented in Fig. 63.
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Figure 63. VHF Data signal level vs. distance from the base station.

Comments
Since the VHF Data system offers very small transmission speed, the throughput tests (such as those
conducted for 2G/3G systems) could not have been carried out. The tests for 2G/3G system were
performed using the software application created for the purpose of the campaign (and described in
Chapter 3); unfortunately this tool was unable to handle such small values of throughput. For this reason
we only conducted signal level measurements and compared them with the theoretical results from the
simulations (see Fig. 2a and Table 5).
As it turned out, the signal levels obtained during the measurement campaign were generally higher than
the simulated ones (on average by ~10 dB), which might be found a bit confusing, but in fact can be easily
explained. To do so, it should first be stated that the model used in the simulation was strictly statistical,
which means it shows the values that can be exceeded in 50% of locations and in 50% of time. On the other
hand, the measurement points locations were carefully selected beforehand; those were the places at
which we expected to achieve the best results (i.e. the highest signal levels). Considering these two aspects,
it is not surprising that the values obtained during the actual measurements indeed exceeded the statistical
ones from the model. It also goes without saying that most of the propagation models are created for the
worst-case scenarios.
The obtained results indicate that the range of the VHF Data base station in Lynetten was about 50 km.

5.3 TETRA and IRIDIUM OpenPort field tests
Among the main goals of the measurement campaign, the field tests of TETRA and Iridium systems should
also be mentioned.
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In the case of TETRA, the measurements of the base station signal level in several selected points have
been performed. The Base Station was located in Gdansk and operated by the Gdansk University of
Technology.
In the case of Iridium, an estimation of the data transmission capabilities have been carried out. The
analysed parameters were uplink/downlink speeds and latency observed after connecting to the Iridium
network.
In Fig. 64, a sample screenshot from the spectrum analyser is presented. It was taken during the TETRA
base station signal level measurements in one of the selected points.

Figure 64. A sample screenshot from the spectrum analyser obtained during
the TETRA signal level measurements

Comments
The signal level measurement (in several locations) was the only test that was performed for the TETRA
system. Unfortunately we were unable to obtain a TETRA terminal that would cooperate correctly with the
utilised base station, so it was impossible to carry out reliable throughput measurements for this system.
Additionally, there were severe problems with unambiguous identification of the base station’s technical
parameters, so we could not conduct the relevant software simulations (similar to those made for the VHF
Data) either.
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Fig. 65 presents a sample screenshot with the information obtained during the Iridium system tests. In the
upper section of the picture, a status of the Iridium is presented, whereas in the lower we can find the
results of the transmission parameters tests (download/upload speeds, latency, etc.).

Figure 65. Sample screenshots obtained during the Iridium tests (upper part – Iridium status, lower part - transmission
parameters)

The Iridium system tests have been performed at ten different locations at the Bay of Gdansk; these
locations are depicted in Fig. 66.
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Figure 66. The location of the measurements points at which the Iridium tests have been performed

In Table 6, the minimum, maximum and average values of the download/upload speed and latency for the
Iridium system are presented.
TABLE 6
The minimum, maximum and average values of download/upload speed and latency for the Iridium system

Download speed [kbps]
Upload speed [kbps]
Latency [s]

Average
63
90
2,8

Min
9
32
1,6

Max
116
139
6,6

Comments
As the Iridium tests results indicated, the geographic location practically does not affect the operation of
this system; what does affect the Iridium performance is the measurement time, because the constellation
of the system changes continuously (which is a feature of the systems whose satellites are in low Earth
orbit, such as Iridium). Given the above and considering the methodology employed for the purpose of
Iridium measurement, only several identical test were conducted in different places across the Bay of
Gdansk.
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6. Conclusion
The measurement campaign conducted at the Baltic Sea waters was among the goals of the EU eNavigation EfficienSea project (Work Package 4). It was organized in the second half of 2011 and consisted
of four stages lasting from one to five days. During the campaign, two ships, whose total route exceeded
1500 NM, were utilized (Tucana and Horyzont II), and over 40000 measurement points were collected.
The main objective of the campaign was a thorough analysis of several radiocommunication systems that
are available at sea (2G/3G cellular systems, TETRA, VHF Data and Iridium) and their parameters. This
document presents all the aspects connected with these measurements including the description of the
methodology, introduction of the utilized equipment, information about the organization of the campaign
and most notably – the presentation and discussion of the results.
While the number of the measurement results obtained during the campaign is impressive, it has to be
admitted that some of the goals assumed at the preliminary stages of the campaign could not be fulfilled.
Particularly, we were unable to perform WiMAX system tests and throughput measurements of TETRA in
the Bay of Gdansk. On the other hand, the initial assumption was that only two stages of the campaign
would be organized, while in fact twice as many took place (the 3rd and 4th stages spanned over a few days).
The route of the campaign was also significantly expanded: initially, the Bay of Gdansk was the only area of
interest, whereas the actually measurements included the Polish coast from Hel to Swinoujscie and the
Øresund Strait as well. It allowed us to perform significantly more measurements and to enhance the
reliability of the results for the systems and parameters that actually have been measured.
Below, the most important conclusions and observations resulting from the whole campaign will be
presented.
•

•
•
•
•

•

When the vessel is in the area where the cellular network is available, then there is more than 50%
of probability that the throughput will exceed 250 kbps in the uplink and 500 kbps in the downlink,
regardless of the receive antenna height. This statement is true if the distance from land is not
greater than 12 NM.
If the distance from land exceeds 12 NM, the cellular network 2G/3G service might not be
available, unless the receive antenna height is increased.
If minimal transmission delays are the priority, the 3G networks appear to be the most attractive
solution; they offer very small pings whose values are almost independent of the distance.
Increasing the receive antenna height not only allows to improve the range but also to boost the
throughput.
2G/3G systems have several advantages over VHF Data. In cellular networks the range is up to
35 km, transmission speeds are higher and the infrastructure is more expanded and available. It
might be advisable to consider 2G/3G networks as a priority solution for e-Navigation and rely on
VHF Data only in those areas where cellular networks are not available.
The Iridium system provides low transmission speeds and big values of ping, but its advantage is
the fact that it is operational in some very specific places on Earth, such as the Polar regions.
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Appendix 1 The route of Horyzont II during 4th stage of
the measurement campaign
This appendix contains a series of 12 maps documenting the route of the ship Horyzont II during the 4th
measurement campaign (5-9 December 2011). The route is marked with a red solid line in each of the
Figures below.

th

Figure 67. The ship’s route during the 4 stage of the measurement campaign – map 1
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Figure 68. The ship’s route during the 4 stage of the measurement campaign – map 2

Figure 69. The ship’s route during the 4th stage of the measurement campaign – map 3
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Figure 70. The ship’s route during the 4 stage of the measurement campaign – map 4

Figure 71. The ship’s route during the 4th stage of the measurement campaign – map 5
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Figure 72. The ship’s route during the 4 stage of the measurement campaign – map 6

Figure 73. The ship’s route during the 4th stage of the measurement campaign – map 7
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Figure 74. The ship’s route during the 4th stage of the measurement campaign – map 8
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Figure 75. The ship’s route during the 4 stage of the measurement campaign – map 9
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Figure 76. The ship’s route during the 4 stage of the measurement campaign – map 10
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Figure 77. The ship’s route during the 4 stage of the measurement campaign – map 11
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Figure 78. The ship’s route during the 4 stage of the measurement campaign – map 12
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