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1 Introduction 


The VHF Data Exchange System (VDES) is seen as one of the potential key elements of the 
International Maritime Organisation (IMO) concept of e-Navigation. Work is currently being 
undertaken within the International Association of Marine Aids to Navigation and Lighthouse 
Authorities (IALA) and the International Telecommunications Union (ITU) to develop an 
international standard for VDES and secure access to radio spectrum. 


This report presents the results of a VDES channel sounding campaign, conducted by the 
General Lighthouse Authorities of the United Kingdom and Ireland (GLA) and the Institute for 
Telecommunications Research (ITR) at the University of South Australia (UniSA). The 
document follows the format recommended in the IALA Guideline on The Reporting of 
Results of e-Navigation Testbeds [1]. 


2 General Information 


2.1 Location 


The measurement campaign was conducted at various locations within approximately 17 M 
of Harwich, Essex in the United Kingdom. A detailed overview of the test sites is included 
later in this report. 


2.2 Time and Duration 


The sea trials took place between 26th February and 2nd March 2014. 


2.3 Contact Person(s) 


Jan Safar, GLA, Jan.Safar@gla-rrnav.org; 


Dr Nick Ward, GLA, Nick.Ward@gla-rrnav.org; 


Dr David Haley, ITR, UniSA, David.Haley@unisa.edu.au. 


2.4 Organisation(s) Involved 


The General Lighthouse Authorities of the United Kingdom and Ireland; 


Institute for Telecommunications Research, University of South Australia. 


2.5 Funding 


This work was co-funded by the GLA and ITR. 


3 Testbed Information 


3.1 Type of User Groups Involved in the Test 


 Shipboard users 
 Shore-based users 


3.2 e-Navigation Gaps Considered 


 Effective and robust voice communication and data transfer 
 Information/data management 
 Ship reporting 
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3.3 Category of e-Navigation Gaps Considered 


 Technical 
 Regulatory 


3.4 e-Navigation Solutions Considered 


 VDES has the potential to contribute to all of the five e-Navigation solutions 
prioritised by IMO. 


3.5 Links to Similar Testbeds 


 Investigation of Multipath Fading for VDES, JRC, Japan [2]. 


4 Methodology 


The channel sounding campaign examined radio propagation conditions for all channels 
intended for use in ship-to-shore and shore-to-ship VDES and ASM (Application Specific 
Message) communications. A comprehensive series of sea trials was conducted over five 
days during February/March of 2014, near Harwich in the United Kingdom. Five operational 
scenarios were examined, spanning four of the six IMO Maritime Service Portfolio area 
categories. The measurement sites selected for the trials are described in detail in 
Section 4.1 below. 


System components and deployment were consistent with real world maritime use. Details 
of the system architecture and equipment used during the trials are presented in Section 4.2. 


Section 4.3 then provides detailed information on the test methodology, waveform design, 
and receiver signal processing. 


4.1 Test Sites 


The draft e-Navigation Strategy Implementation Plan prepared by the IMO identified the 
following area categories as the context in which Maritime Service Portfolios (MSPs) should 
be considered: 


1. Port areas and approaches 


2. Coastal waters and confined or restricted areas 


3. Open sea and ocean areas 


4. Areas with offshore and/or infrastructure developments 


5. Polar areas 


6. Other remote areas 


This categorisation facilitates the determination of the kind and amount of information to be 
transmitted, taking into account the type of communication system(s) to be used, along with 
the identification of the relevant authorities or stakeholders which would be responsible for 
the dissemination of the information. Each of the above mentioned area categories are also 
likely to exhibit different signal propagation characteristics. It was therefore considered 
appropriate to use the IMO area types as a basis for the selection of test sites used in this 
work. Four of the six area types were considered in this study. The selected sites are 
detailed below. 
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4.1.1 Overview of Measurement Sites 


Table 1 provides an overview of the measurement sites used, along with the IMO area types 
they represent and details of their geographical location.  Figure 1 then shows all the sites 
on a Google Earth map. The following sections give further information on each of the sites. 


Measurement Site 
IMO Area 


Type 


Approximate Location Separation 
from TH 


Building (M) Latitude Longitude 


TH Building 1 51° 56.814'N   1° 17.106'E - 


Harwich/Felixstowe 
Harbour 


1 51° 57.220'N 1° 17.572'E < 1 


Harwich/Felixstowe 
Approach 


1 51° 55.254'N 1° 26.439'E 6 


Ipswich 
2 


(Confined area) 
52° 02.675'N 1° 9.698'E 8 


Sunk Inner 3 51° 52.975'N 1° 40.943'E 15 


Gunfleet Sands 
Wind Farm North 


4 51° 47.920'N 1° 15.714'E 9 


Gunfleet Sands 
Wind Farm South 


4 51° 41.800'N 1° 10.920'E 16 


Table 1: Selected Measurement Sites. 


4.1.2 Trinity House Building, Harwich (Type 1 Area) 


The TH office building is located at the heart of the Harwich Harbour area on the Essex 
Coast, providing Line-of-Sight (LOS) visibility of most of the harbour, the river Stour and 
Orwell Estuary and the Harwich\Felixstowe approach channel (Figure 2). 


This site was selected as the location for the shore station. 


4.1.3 Harwich/Felixstowe Harbour (Type 1 Area) 


There are two major ports in the Harwich area. The Harwich International Port lies on the 
south bank of the River Stour one mile upstream from the town of Harwich. The main users of the 
port are the regular ferry services to continental Europe, cruise ships, tankers and general 
cargo vessels. 


The Port of Felixstowe (Figure 2) is Britain’s biggest and busiest container port, dealing with 
over 40% of UK’s containerised trade. The port serves over 4,000 ships each year, including 
the largest container vessels afloat today. 


Large metallic structures in the port areas can be expected to give rise to multipath 
propagation. 
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4.1.4 Harwich/Felixstowe Approach (Type 1 Area) 


Figure 3 shows the approach channel to Harwich and Felixstowe. Static measurements were 
conducted in the Cork Hole area at the edge of the deep water channel. Data were also 
collected while the vessel was in transit through the channel. 


Judging from topography, this area is expected to experience LOS propagation, with 
possible partial shadowing from obstructions on the Harwich Peninsula and Landguard 
Point. 


4.1.5 Ipswich (Type 2 / Confined Area) 


The Port of Ipswich is situated at the mouth of the River Orwell and 12 M from the open sea 
(see  Figure 1 and Figure 4). It mainly handles cargo traffic but the Ipswich Marina also 
attracts large numbers of leisure craft to the area. 


Clearly, this location can be expected to experience rich multipath and Non-Line-of-Sight 
(NLOS) propagation conditions. 


4.1.6 Sunk (Type 3 Area) 


The Sunk area lies at a crossroads for shipping with constant streams of traffic transiting 
East/West to and from Harwich and Felixstowe, Ipswich and the continent; and North/South 
to and from Scandinavia, the Thames and beyond. Bulk carrier vessels up to 14.1 metres 
draught are understood to use the Sunk Deep Water track. During this trial, measurements 
were taken in the Sunk Deep Water Anchorage area which lies to the northeast of the Sunk 
Inner Precautionary Area (see Figure 5). 


This area is expected to experience LOS propagation, with possible partial shadowing from 
obstructions on the Harwich Peninsula and Landguard Point. 


4.1.7 Gunfleet Sands Wind Farm (Type 4 Area) 


The UK has seen a considerable growth in offshore wind farm installations over the past 
years, and the location of many planned wind farm sites means that they could have a 
significant impact on key shipping lanes in the North Sea Region. The Gunfleet Sands Wind 
Farm lies off the Clacton-on-Sea coast in the Northern Thames Estuary (Figure 6). It has 48 
wind turbines and the total area of the development is 17.5 km2. 


Given the location of the shore station on the Harwich Peninsula, the propagation in this 
area may be affected by shadowing from the land mass around Frinton and Walton on the 
Naze. Reflections off the blades of the wind turbines can also be expected to have an effect 
on the propagation characteristics. 
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4.2 Trial System 


4.2.1 System Architecture 


A custom channel sounding system was developed for this study consisting of a shore-
based and a ship-borne station, each of which could act as a transmitter or a receiver. Each 
station comprised the following key components (see also Figure 7): 


 Software Defined Radio (SDR) – Ettus Research E110 Universal Software Radio 
Peripheral (USRP) with WBX RF front end module; 


 GPS Disciplined Oscillator (GPSDO) – Ettus Research GPSDO kit for E110; 


 Power Amplifier (PA) – Mini-Circuits LZY-1+; 


 Low-pass filter with a cut-off frequency of 200 MHz; 


 Laptop to command the trial radio equipment; 


 Amphenol JAYBEAM VHF end-fed dipole antenna with a specified gain of 0 dBd; 


 Trimble Bullet III GPS antenna; 


 Associated power supplies. 


The trial system was used to sound the radio channel and record received sample data. 
Recorded data was post-processed offline, generating a statistical characterisation of the 
key channel parameters, such as path loss, propagation delay and frequency offset. 
Synchronisation of the terminals was achieved using high stability GPS disciplined 
oscillators (GPSDOs).  


The system used time slotted transmissions and a scalable multicarrier waveform which 
allowed the observation of frequency selective effects. Inactive periods of the transmission 
duty cycle were used to characterise interference.  


The system was designed to allow testing at two different transmit power levels (12.5 W and 
1 W), and a number of operating channels, consistent with the VDES channel plans that are 
currently under consideration. The operating frequencies and channel bandwidths used in 
the trials are summarised in Table 2. More detail on the test methodology, waveform design 
and receive signal processing is included in Section 4.3. 


Channel Transmitter Frequency (MHz) Bandwidth (kHz) 


ASM1 Either 161.9500 25 


ASM2 Either 162.0000 25 


VDE2 Shore 161.9125 50 


VDE2 Ship 157.3125 50 


VDE1 Shore 161.8375 100 


VDE1 Ship 157.2375 100 


Table 2: Operating channels. 


The hardware architecture of the trial system is reciprocal in that both ends can operate as 
either a transmitter or receiver. Schematic diagrams of the transmit and receive paths are 
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Figure 12 shows the trial equipment used at the shore station, with the components set up in 
the transmit configuration. This corresponds to the diagram of Figure 8 above. 


4.2.2.2 Ship-borne Station 


The ship-borne equipment was installed on board Trinity House’s rapid intervention vessel 
Alert. The Alert is 39.3 m long, has a draft of 2.7 m, a maximum speed of 17 kts, and it is 
equipped with a DP1 dynamic positioning system. 


The antennas of the trial system were mounted on the wheelhouse top, as shown in Figure 
13 and Figure 14. The VHF antenna was installed on the starboard side at a height of 10 m 
above water line. The GPS antenna was fitted to a handrail to the left of the wheelhouse 
ladder. 


The presence of a great number of co-located radio systems on board ships creates a 
particularly challenging radio environment. THV Alert carries six VHF antennas used for AIS, 
radiotelephony and DSC, all installed in the area above the wheelhouse or on the mast. As 
explained above, the trial equipment did not have the level of protection that normally exists 
in commercial marine radios and the following steps were therefore taken to prevent its 
damage: 


 The ship’s AIS transceiver was switched off for the duration of the trials. 


 Prior to commencing a trial at a new location, a spectrum survey was carried out to 
determine how much attenuation was required to be inserted in the receive path. 


 The crew was requested not to use VHF voice radios while the VHF antenna of the 
trial system was connected, except in case of emergency. If it became necessary to 
use a voice radio during an on-going test, the operator of the trial system would 
disconnect the antenna from the trial equipment and record the time and duration of 
the communication. The affected data would then be excluded from post-processing. 
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4.3 Details of Methodology, Waveform and Receive Processing 


4.3.1 Test Methodology 


A custom channel sounding system and waveform were designed to characterise the VDES 
propagation environment. The system uses GPS synchronised time slotted packet 
transmissions and performs GPS synchronised channel sample capture at the receiver. The 
test methodology applies the following hierarchy: 


 A scenario is constructed by placing the vessel at one of the trial locations. 


 One or more trials are undertaken at the location, where each trial is defined by a set 
of test parameters, namely: 


o Channel under test (VDE1, VDE2, ASM1, ASM2); 


o Transmit direction (shore-to-ship or ship-to-shore); 


o Signal Bandwidth; and  


o Transmit Power. 


The system automatically assigns each trial a unique identifier, representing the date 
and time at which the trial was started, e.g. 20140227_1309 for a trial starting at 
1:09 PM on Feb 27th, 2014. 


 A trial consists of multiple captures. A capture is a baseband recording of the channel 
at 512 kHz sample rate. Each capture is transferred from RAM to a file before the 
next capture is started, hence creating a time gap between captures. A trial typically 
consists of 10 captures, with each capture running for 50 seconds. The delay 
between captures varies due to file transfer time, and is approximately 50 seconds. 
Timing of the start of each new capture is achieved using GPS synchronisation.  


 Each capture consists of multiple frames. A new frame begins at the start of each 
second.  


 Each frame consists of 4 slots.  


 One packet is transmitted in the first slot of every frame (i.e. 25% duty cycle). The 
packet duration is 250 ms. During a typical trial of 10 captures, each with 50 frames 
(200 slots), 500 packets are recorded. 


The test methodology hierarchy is illustrated in Figure 16. 
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4.3.2  Channel Parameter Statistics 


Received samples were captured during the trials and later transferred for offline post-
processing. During trial post-processing, capture files from each trial were input into the 
channel sounding receiver. The receiver processed each frame in the capture file to 
generate one set of channel parameter estimates from each packet.  


The following channel parameters were estimated: 


Received Power (dBm) – the power of the signal arriving at the receive antenna. Power 
received at the USRP was converted from the dB full-scale measure (relative to the USRP 
receiver front end) into an absolute value (in dBm) using a bench calibration reference result. 
Received power at the antenna was calculated using the absolute received power value and 
knowledge of receive antenna gain, cable losses, USRP Rx RF Gain setting, and the value 
of any additional fixed attenuation inserted into the receive path 


Path loss (dB) – the level of on-air signal attenuation induced by the channel, between 
transmit and receive antennas. Path loss was calculated using the received power arriving at 
the receive antenna, along with knowledge of the transmit power into the transmit antenna 
and the transmit antenna gain. Potential causes for the observed path loss being higher than 
that predicted under free space conditions include: 


 Shadowing from obstructions that block line-of-sight between transmit and receive 
antennas. Examples include items in the static environment (e.g. on land); conditions 
in the dynamic environment (e.g. other ships); and nearby obstructions in the local 
environment (e.g. clutter on the rooftop of the vessel). 


 Destructive signal interference arising from multipath reflections. 


 Antenna polarisation mismatch, e.g. induced by antennas swaying under rough sea 
state conditions.  


Propagation delay, i.e. channel time offset (μs) – the time taken for a transmitted packet 
to travel from the transmit antenna to the receive antenna. The end-to-end delay of the 
bench cabled calibration reference result was subtracted from the receiver generated time 
offset estimate in order to estimate the on-air propagation delay. 


Frequency offset (Hz) – The change in frequency induced by the channel, e.g. through 
relative motion between transmitter and receiver (Doppler shift). Measurements will also 
include any frequency offset coming from system components, e.g. due to local oscillator 
drift. The system includes GPS disciplined oscillators at the transmitter and receiver to 
minimise this impact.  


Interference to Noise ratio (INR) (dB) – the ratio of received power level (when the 
transmitter is inactive) to a calibrated noise floor measurement. The inactive power level was 
measured across one-half slot length either side of each received packet.  


Signal to Interference plus Noise ratio (SINR) (dB) – the ratio of received packet power 
level to the power measured across one-half slot length either side of that packet.  


 


Regions of the captured samples used to estimate INR and SINR are described in Figure 17. 
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CIR tap resolution is limited by the bandwidth of the transmitted signal, as shown in Table 3. 
Even for the widest bandwidth case (96 kHz) the majority of multipath components are 
unlikely to be resolvable in the time domain. In this case, the finer resolution multipath 
components will sum together within a single tap bin, to form a composite tap at the 
available resolution. For example, for a tap resolution of 10.4 s, all reflections having a time 
delay of less than 10.4 s (representing a path length difference of 3.1 km) will sum together 
into the first tap bin. Taps having delay greater than 10.4 s will sum into the second bin, up 
until 20.8 s, and so on.  


 


Channels Channel BW 
(kHz)  


Signal BW 
(kHz) 


CIR Tap 
Resolution (s) 


VDE1 100 96 10.4 


VDE2 50 46 21.7 


ASM1, ASM2 25 21 47.6 


Table 3: CIR Tap Resolution 


 


4.3.3.3 Channel Parameter Variation 


Observation of channel statistics over time can help characterise temporal variations, e.g. 
due to mobility, changing conditions in shadowing, or intermittent interference. Figure 20 
shows an example view of channel condition variation over time. Several features are noted 
on the figure.  
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subcarriers (10 each side of DC). These subcarriers appear as vertical lines and at the 
receiver they visibly expose frequency selective effects in the PSD plot. 


4.3.5 Receiver 


The offline receive post-processor generates per-packet channel parameters using the 
signal processing steps shown in Figure 21. Receive samples are time synchronised such 
that each capture starts aligned to a new frame. The receiver processes each frame 
sequentially. A digital filter around the signal bandwidth of interest is applied prior to receive 
post processing to reduce the impact of adjacent interference, e.g. from AIS signals.  


A power measurement window and interference estimate window are applied to the time 
slotted receive signal, as described in Figure 17. Power spectral density plots are generated 
for both windows. Absolute received power, INR and SINR are then estimated as described 
in Section 4.3.2. 


The time offset is estimated relative to the start of frame by correlating the received signal 
with the known transmitted OFDM time domain sequence. The time offset is used to time-
shift the receive signal, creating a time offset corrected signal.  


The time offset corrected signal is modulation stripped, using the known transmit sequence, 
and then input to an FFT based periodogram to generate a frequency offset estimate. The 
frequency offset is used to frequency-shift (de-spin) the time offset corrected signal, creating 
a time and frequency offset corrected signal. 


The offset corrected signal is then divided into OFDM symbol sized blocks, and converted 
from the time domain into the frequency domain via an FFT. The channel is estimated in the 
frequency domain using least squares estimation. This process divides the offset corrected 
frequency domain received signal by the known (frequency domain) transmit signal on a per-
OFDM symbol basis. There are 250 OFDM symbols per packet. Thus 250 frequency domain 
estimates of the channel are obtained from the packet, each representing 1 ms.   


The frequency domain channel estimate is then converted back into the time domain using 
an IFFT. The average of each tap is generated across the 250 estimates, then the 
magnitude of each averaged tap is calculated and normalised to produce the CIR described 
in Section 4.3.3.2. 


A sliding window average is applied across each tap, in order to smooth its behaviour over a 
time window of 50 symbols. The channel tap trajectory of the normalised smoothed channel 
estimate is then plotted, as described in Section 4.3.3.2. 
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5 Results 


5.1 Harwich/Felixstowe Harbour - Area Type 1 


5.1.1 Harwich/Felixstowe Harbour – Shore-to-Ship  


Trials in the Harwich/Felixstowe Harbour area were conducted on Wednesday 26th February, 
2014 using the shore-to-ship frequencies. The THV Alert was stationary and located in the 
harbour at a distance of 1475 m from Trinity House, in line-of-sight (LOS) conditions, as 
shown in Figure 22. Sea state during the trials was 3 (slight). Weather conditions for the day 
are summarised in Table 4. 


 


 
Figure 22: Harwich/Felixstowe Harbour Scenario – Shore-to-Ship (Range 1475 m, LOS) 


 


Time Wind Atmospheric 
Pressure 


hPa 


Temperature 


C 


Weather 


0800 S3 1022 8 Blue skies 


1200 W3 1023 11 Cloudy 


1600 SSW3 1024 12 Blue skies 


Table 4: Weather Conditions (26th Feb 2014) 
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Figure 32: Harwich/Felixstowe Approach Scenario (Range 11,061 m, LOS) 


 


Time Wind Atmospheric 
Pressure 


hPa 


Temperature 


C 


Weather 


0800 SE4 1010 10 Overcast 


1200 SE4 1011 8 Overcast/drizzle 


1600 E5 1012 8 Overcast 


Table 8: Weather Conditions (28th Feb 2014) 


 


Trial 
Start 
Time 


Chan Tx 
Power 
W  


Rx Power 
dBm 


Mean () 


Path Loss 
dB 


Mean () 


Propagation 
Delay s 


Mean () 


Frequency 
Offset Hz 


Mean () 


INR dB 
 


Mean () 


SINR dB 
 


Mean () 


1227 VDE1 12.5 -77.4 (1.9) 120.5 (1.9) 36.936 (0.211) 0.094 (0.413) 0.3 (0.1) 12.3 (1.9) 


1300 VDE1 12.5 -82.6 (2.3) 125.7 (2.3) 51.585 (4.211) -3.180 (0.203) 2.3 (2.8) 5.2 (2.3) 


Table 9: Harwich/Felixstowe Approach Results Summary 


 


Figure 33 shows a typical received signal PSD and corresponding CIR obtained during trial 
1227 on channel VDE1. The dominant first CIR tap indicates that multipath is primarily 
contained within the first 10.4 μs. The fading profile is approximately flat with only very mild 
frequency selectivity. This result is also indicative of the PSD and CIR observed during trial 
1300. 
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 (a) Path (b) Zoomed view of Ipswich  


Figure 37: River Orwell and Ipswich (Range 13,665 m, NLOS) 


 


Time Wind Atmospheric 
Pressure 


hPa 


Temperature 


C 


Weather 


0800 SSW4 1018 8 Overcast/rain 


1200 W4 1011 15 Cloudy 


1600 W4 1012 12 Blue skies 


Table 10: Weather Conditions (27th Feb 2014) 


 


Trial 
Start 
Time 


Chan Tx 
Power 
W  


Rx Power 
dBm 


Mean () 


Path Loss 
dB 


Mean () 


Propagation 
Delay s 


Mean () 


Frequency 
Offset Hz 


Mean () 


INR dB 
 


Mean () 


SINR dB 
 


Mean () 


1226 VDE1 12.5 -94.3 (1.1) 137.4 (1.1) 46.672 (0.594) 0.096 (0.062) 1.6 (0.2) 4.2 (1.1) 


1247 VDE2 12.5 -95.4 (1.8) 138.5 (1.8) 46.701 (0.609) 0.089 (0.073) 1.0 (0.2) 4.9 (1.8) 


1309 ASM1 12.5 -95.3 (1.4) 138.4 (1.4) 46.158 (0.799) 0.084 (0.087) 0.7 (0.6) 6.2 (1.5) 


Table 11: River Orwell and Ipswich Results Summary 


 


Figure 38 shows a typical received signal PSD and corresponding CIR obtained during trial 
1226 on channel VDE1. Figure 39 shows a PSD and CIR from the same trial for a case 
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Figure 42: Sunk Deep Water Anchorage Scenario (Range 30,809 m to 29,283 m, LOS) 


 


Trial 
Start 
Time 


Chan Tx 
Power 
W  


Rx Power 
dBm 


Mean () 


Path Loss dB 


Mean () 


Propagation 
Delay s 


Mean () 


Frequency 
Offset Hz 


Mean () 


INR dB 
 


Mean () 


SINR dB 
 


Mean () 


1504 VDE1 12.5 -98.3 (0.6) 141.4 (0.6) 99.045 (0.443) 1.070 (0.088) 8.9 (0.3) 2.9 (0.6) 


Table 12: Sunk Deep Water Anchorage Results Summary 


 


The high INR was observed to be a result of a raised noise floor, rather than the presence of 
temporal interference, e.g. from other nearby vessels. In order to compensate for the high 
path loss during this trial, the USRP Rx RF Gain was increased and all fixed attenuation in 
the receive path was removed. This resulted in the LNA amplifying noise and raising the 
noise floor in comparison to other trials. 


The large path loss and raised noise floor during this trial resulted in low SINR across all 
packets. It was necessary to lower the SINR threshold criteria from 5 dB to 4 dB in order for 
some packets to be included in channel time and frequency offset estimation.  


Figure 43 shows a typical received signal PSD and corresponding CIR obtained during trial 
1504 on channel VDE1. The dominant first CIR tap indicates that multipath is primarily 
contained within the first 10.4 μs. The PSD exhibits fading with mild frequency selectivity, 
consistent with the presence of a relatively low gain second tap in the channel impulse 
response (green marker in trajectory view).  


GPS logs for trial 1504, indicate that the vessel was moving approximately radial toward 
Trinity House at a speed of 3-4 knots. While in motion a frequency offset in the range of 0.85 
to 1.2 Hz was observed. This corresponds to a radial approach velocity in the range of 3.1 to 
4.3 knots with respect to Trinity House, consistent with GPS logs. 
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6 Conclusions and Recommendations 


The channel sounding campaign was conducted to examine radio propagation conditions 
using spectrum under consideration for future maritime applications. The experiments 
spanned all channels intended for use in ship-to-shore and shore-to-ship VDES and ASM 
communications. The goal of the campaign was to increase our understanding of the 
propagation environment. The results achieved serve as input into waveform and receiver 
design, and system performance modelling. Five scenarios were examined, spanning four of 
the six IMO Maritime Service Portfolio area categories.  


System deployment was consistent with real world operating conditions. VHF antennas of 
the same type currently being used by the GLA were mounted onboard the vessel and at 
shore, in locations consistent with future VDES installation. A comprehensive series of trials 
were conducted over five days at sea, to sound the radio channel and record received 
sample data in each scenario. Recorded data was post-processed offline, in order to provide 
a statistical characterisation of the channel. The nature of the time domain channel impulse 
response, frequency selective fading effects, and interference were also investigated. The 
results of the study provided in this report include characterisation of: 


 Received signal power; 


 Path loss; 


 Propagation delay; 


 Frequency offset; 


 Interference to noise ratio; and  


 Signal to interference plus noise ratio.  


Results were analysed in order to interpret the channel effects observed in each scenario, 
taking into account environmental, mobility and sea state conditions.  


In most cases the observed path loss was significantly higher than that predicted using a 
simple free space path loss model. Factors contributing to this include shadowing from 
objects in the environment, and destructive signal cancellation resulting from multipath 
reflections. Several contributing factors are specific to the maritime use case. In particular 
the rooftop of a vessel is typically cluttered and presents opportunities for vessel orientation 
dependent signal obstruction. During specific trials to examine this effect we observed peak-
to-peak SINR variation of up to 20 dB. Moreover, in rough sea state conditions the vessel 
antenna can become misaligned (in terms of polarisation) with the shore side antenna. 
During periods of vessel movement in moderate to rough sea state we observed large 
fluctuations in received power, at a rate of 5 dB per second. The estimated mean additional 
path loss, beyond that predicted from free space path loss modelling, is provided for each 
scenario in Table 16. In each case the primary contributing factors are noted.  
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Scenario LOS 
Conditions 


Sea State  Rx 
Power 
dBm 


Additional 
Path Loss 
dB 


Contributing Factors 


Harwich/Felixstowe 
Harbour 


LOS Slight -43 to  
-58 


5 to 16 Multipath and shadowing (due 
to vessel clutter). 


Harwich/Felixstowe 
Harbour Approach 


LOS Moderate 
to rough 


-77 23 Antenna polarisation 
mismatch induced by rough 
sea state. Multipath and 
shadowing. 


Ipswich and River 
Orwell 


NLOS Calm 
to smooth 


-95 39 Multipath and heavy 
shadowing. 


Sunk Deep Water 
Anchorage 


LOS Moderate 
to rough 


-98 35 Antenna polarisation 
mismatch induced by rough 
sea state. Multipath, 
shadowing (due to vessel 
clutter). 


Gunfleet Sands Wind 
Farm (North-1) 


Near-LOS Moderate -84 27 Multipath and shadowing. 


Gunfleet Sands Wind 
Farm (North-2, 
South) 


NLOS Slight -95 35 Multipath and heavy 
shadowing. 


Table 16: Summary of Observed Receive Power and Additional Path Loss 


Interference from nearby AIS transmitters was observed throughout the trials. This was 
removed in post-processing using a digital filter. Interference was also observed in-band 
during the trials, in particular when travelling from the Harbour Approach site to the Sunk 
Deep Water Anchorage site. The channel sounding system uses a Software Defined Radio 
having a wideband receiver front end. In order to protect the SDR it was necessary to 
coordinate trials so that they were not conducted during periods of host vessel AIS or VHF 
voice transmission. Once this was achieved, interference from other sources did not present 
a major barrier to conducting the trials.  


Estimates of mean propagation delay were consistent with those expected from theory, to 
1 μs accuracy or better (equivalent to 300 m in distance). Observed frequency offsets were 
consistent with those expected from theory, both when the vessel was stationary and when 
in motion. Again specific to the maritime use case, during periods of vessel movement we 
observed Doppler induced changes to frequency offset at a rate of approximately 1 Hz per 
second. 


The channel sounding campaign included antennas, transmit power levels, and equipment 
deployment that was consistent with planned VDES future use. In all cases the received 
signal strength was sufficient to accurately estimate the channel.  


Multipath introduced fading that exhibited mild frequency selectivity in LOS and Near-LOS 
conditions. When moving into NLOS conditions the frequency selective fades became 
deeper. However, even during times when deep fading was observed in strong NLOS 
conditions, the channel exhibited slow frequency selectivity and fades spanned a significant 
proportion of the channel. In general, the channel is not flat fading. Hence the waveform and 
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receiver design must allow for frequency selectivity. Given the observed fading profile 
variation, adaptive system behaviour is also worth considering.  


The maximum signalling bandwidth used to sound the channel was 96 kHz, thus limiting the 
resolvability of time domain taps in the channel impulse response to 10.4 µs. Hence with this 
system, channel reflections sum together into bins of width 10.4 µs (per tap). In several 
cases we observed energy on the first two taps, indicating a channel delay spread greater 
than 10 µs. Energy observed on the second tap was typically much lower than on the first, 
indicating reduced contribution from reflections beyond 10 µs. The channel sounding system 
uses a signalling bandwidth and receive sample rate consistent with a future VDES 
implementation. As a result, the system provides a macroscopic view of the channel that is 
consistent with the view that a future VDES receiver will be given. The channel impulse 
response is typically limited to two (composite) time domain taps, which (after bulk frequency 
offset correction) do not exhibit strong variation in time over a 250 ms observation. 


It would also be valuable to conduct further trials using wider signalling bandwidth. This 
would increase understanding of the nature of the maritime multipath channel at a finer 
resolution, characterising power delay profile and delay spread.  


When designing a communication system for frequency selective multipath channels it is 
common to consider multicarrier techniques, such as Orthogonal Frequency Division 
Multiplexing (OFDM). When considering the use of OFDM for VDES we must be mindful that 
the variation in fading is typically slow across the band. A wide and deep fade would 
significantly reduce the SNR of a large proportion of the subcarriers. Such a fade may result 
in packet reception failure, even if the packet is coded across subcarriers, necessitating 
careful code and interleaver design. Design of the OFDM cyclic prefix (CP) length would also 
need careful consideration, as this introduces an energy and data rate (time) overhead.  


An alternative to OFDM is to consider using a time domain channel equaliser. This is 
motivated by the fact that the equaliser would only need to manage a small number (e.g. 2) 
time domain taps and could offer a low complexity solution.  


Results from the channel sounding campaign indicate that an optimal system design lies on 
the borderline of single carrier versus multicarrier techniques. Given this new increased 
understanding of the maritime propagation environment, it would be beneficial to consider 
both approaches and perform a complexity/performance trade-off study to ensure signalling 
and receiver methods that are appropriate for the channel. The absence of such 
consideration introduces potential for over-design that could increase manufacturing 
complexity. 


The channel sounding campaign has demonstrated that spectrum currently being 
considered for VDES and ASM use is well suited to the purpose. It has also highlighted 
several properties of the channel that are specific to the maritime use case. The outcomes 
provide an increased understanding of the radio propagation conditions and serve as 
valuable input into the waveform and receiver design process. Building upon the spectrum 
using a considered design approach will provide an optimal performance/complexity balance 
and deliver the maximum benefit for future maritime communications.  


7 Publications 


This report is available as Input Document Number 07 to the intersessional meeting of the 
IALA e-NAV Committee Working Group 3/4, Saint-Germain-en-Laye, 31st March to 4th April 
2014. 
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