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Abstract

In the last years, the increasing amount of maritime traffic
has compromised the security of the AIS (Automatic Iden-
tification System). The use of two 25 KHz channels is not
enough for the global amount of ships at seas. With the
purpose of reinforcing the AIS, the VDES (VHF Data Ex-
change System) has been proposed in 2013. This system
adds the AIS and four additional services, with challenges
in modulation schemes, channel bandwidths and bit rates.
The adoption of this new system implies a hardware chal-
lenge, because the VDES equipment could be more expen-
sive than current commercial AIS transceivers. The SDR
(Software-Defined Radio) technology is a versatile technol-
ogy which could reduce the cost of the next generation of
maritime communications equipment. In this paper, a pro-
totype for the AIS and VDES is implemented on a low-cost
SDR platform. Additionally, an RF circuit for filtering and
amplifier in transmission and reception has been designed
to improve the SDR performance.

1 Introduction

Since the Titanic’s accident in 1912, maritime safety mea-
sures have been reinforced through a multiple international
standardisations. In 1914, the SOLAS (Safety Of Life At
Sea) convention was a historic milestone where the first in-
ternational rules for safety at sea were approved [1]. Nowa-
days, maritime communications tend to transmit more in-
formation, optimising the bandwidths. Because of the ra-
dio spectrum is a finite and demanded resource, there is
a need to replace analog to digital systems to reduce the
bandwidth requirements. In relation with this challenge,
and to achieve a reduction of human error, a renewal of
the GMDSS (Global Maritime Distress Safety System) has
been proposed [2]. This renewal has meant a digitalisation
of the maritime communication systems, where the AIS
(Automatic Identification System) has been a good example
of this transition.

The AIS [3] is a broadcast radio communication system
which operates at the VHF maritime band (156.025 MHz –
162.025 MHz). This system, which was developed in 1998
[4], allows the exchange of navigation data between ships
and other infrastructures, such as shore stations or aids to

navigation [5]. It operates on two 25 KHz channels, AIS-
1 (161.975 MHz) and AIS-2 (162.025 MHz), applying a
NRZI line code and a GMSK modulation scheme on the
baseband signals. The transmissions are managed by the
vessels themselves using a self-organised TDMA (Time Di-
vision Multiple Access) media access scheme, avoiding a
centralised control as it is used in the traditional mobile net-
works [6]. With the AIS, a vessel can transmits its naviga-
tion parameters (position, speed, course, etc.) and receives
the same parameters from neighbouring vessels. However,
the system’s capacity falls on two narrow band channels
that share its usage through a TDMA scheme. In a high
density of marine traffic scenarios, an increment of packet
collisions can be produced, compromising the proper per-
formance of the AIS. The AIS channel saturation has been
studied in some areas of the world, such as Mexico or Japan
[7].

In order to avoid the AIS channel saturation, the IALA
(International Association of Marine Aids to Navigation
and Lighthouse Authorities) and other authorities proposed
a modernisation of the AIS in 2013, called VDES (VHF
Data Exchange System) [8]. This new system integrates
the AIS, and twelve new channels with higher rates and
bandwidths are added, with changes on modulation and
coding schemes. The VDES services may have fixed 25
KHz channels, as the LR-AIS (Long Range AIS) and the
ASM (Application Specific Message), or variable with 25,
50 or 100 KHz, as the VDE-TER (VHF Data Exchange -
Terrestrial component) and the VDE-SAT (VHF Data Ex-
change - Satellite component). In addition, the LR-AIS
uses the same modulation scheme as the AIS (GMSK), the
ASM uses a π/4-QPSK scheme, the VDE-TER can use
π/4-QPSK, 8PSK or 16QAM schemes, and the VDE-SAT
uses BPSK, QPSK or 8PSK modulation (in downlink) and
QPSK, OQPSK and 16APSK (in uplinks) [9]. The VDE-
TER service can achieve transmission rates 32 times higher
than the AIS [10]. Despite the positive aspects offered by
the VDES, there are still some technical issues to be re-
solved. Changes in the physical layer of the VDES involve
changes in the hardware used for the AIS equipment [11].
In comparison with the current AIS commercial equipment
prices, the implementation of the VDES hardware could
experiment a prohibitive increment. For this reason, it is
necessary to evaluate new alternatives for implementing the



VDES hardware, where the SDR (Software-Defined Radio)
[12] could be a potential technology to achieve affordable
cost for the next generation of maritime communications
equipment.

In this paper, a prototype capable of transmitting and re-
ceiving signals conformed by the next generation of mar-
itime communications, the AIS and the VDES, is proposed.
This prototype is composed by a low-cost SDR platform,
which executes a selectable code for the AIS and the VDES
services in transmission and reception modes. Moreover,
an additional platform for filtering and amplification in the
AIS and VDES bands has been implemented to improve the
performance of the SDR platform.

2 Prototype’s architecture

The prototype’s architecture proposed is shown in the block
diagram of the figure 1, and it is formed by the following
blocks:

• Control unit, based-on a personal computer (i7-8750H
CPU, 16GB RAM, 1 TB) that is connected to the SDR
platform for control tasks by a serial interface. Also,
different algorithms for AIS and VDES services are
executed from MATLAB.

• Radio unit, composed by an SDR platform (ADALM-
Pluto by Analog Devices) that converts the digital in-
structions launched from the control unit in radio sig-
nals, received or transmitted in function of the selected
mode.

• RF front-end unit, where an own designed PCB has
been implemented to include a SAW filter (TA0935A)
and two low-noise amplifiers (TQP3M9009) con-
nected in cascade topology. This additional hardware
is used to remove potential interferences and adjust the
gain of both received and transmitted signals.

3 Methodology

As the proposed prototype is intended to transmit and re-
ceive messages on the different services like ASM, AIS
and VDE-TER, several scripts were programmed. A global
flow chart of each process is explained, differentiating the
transmission and reception modes which has been imple-
mented on the SDR platform.

3.1 Transmission mode

When a service is selected, the first step is to set up the
transmission parameters, such as the symbol rate (9600 for
the AIS, 19200 for the ASM), the number of samples per
symbol (24 as the optimal value) and the sample rate, which
is the product between the symbol rate and samples per
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Figure 1. Block diagram of the prototype’s architecture

symbol. Then, the SDR platform is configured as a trans-
mitter, setting the desired channel frequency, samples per
frame and sample rate. The binary packet is generated,
adding the training sequence, payload and CRC. Lastly,
an appropriate modulation scheme is applied on the binary
packet, that will change in function of the selected service.
When the packet is modulated, the SDR platform starts the
transmission. The flowchart of the transmission mode is
shown in figure 2.
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Figure 2. Proposed transmission flow chart



3.2 Reception flow chart

After a service is selected, several reception parameters are
set, as the symbol rate (9600 for the AIS, 19200 for the
ASM), samples per symbol (24 as the optimal value) and
sample rate, conformed by the product between the symbol
rate and samples per symbol. When the parameters and the
SDR platform are set, the reception is started. Once a trans-
mission is detected, the higher energy window within the
received signal is considered as a packet. After storing the
packet, DC offset is removed and I/Q imbalance compen-
sation is performed. Later on, a demodulation is applied to
retrieve the original signal, depending on the selected ser-
vice. To retrieve the data within the frame, a synchroniza-
tion process conformed by the detection and correlation of
the training sequence is applied. The message’s checksum
is computed to check if the packet are valid or not. On the
one hand, if the packet is invalid, it is discarded and the re-
ception process will start again. On the other hand, if the
packet is valid, payload is retrieved and decoded accord-
ing to NMEA0183 protocol. The flowchart of the reception
mode is shown in figure 3.
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Figure 3. Proposed reception flow chart

4 Results and discussion

To verify the prototype’s design, firstly the RF front-end has
been tested. For reception mode, the filtering and amplifi-
cation capacity of our design have been tested connecting
the PCB input to a VHF antenna (located at a rooftop) and
the output to an spectrum analyser (Advantest R3131A).
In figure 4(a), the spectrum of the FM commercial band is
attenuated from -21.4 dBm to -31.3 dBm, providing an at-
tenuation of 9.9 dB. An AIS signal received is amplified
from -61.3 dBm to -20.5 dBm, obtaining a gain of 40.8 dB.
These results show an improvement in the reception capac-
ity of the SDR platform, which also allows to avoid pos-
sible close out-band interferences. For transmission mode,
an AIS signal at 162.025 MHz is generated by the SDR
platform, obtaining a power output of 32.8 dBm, very close
to 33 dBm that the AIS class B transceivers achieve. The
transmitted signal obtained is shown in figure 4(b).

In figure 5 is shown a time domain representation of the AIS
signal received by the SDR platform. It can be identified
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Figure 4. Spectrum without (left) and with (b) filtering and
amplification hardware

the ramp-up period and the start and stop bytes, besides the
payload.
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Figure 5. Analysis of an AIS signal received in time do-
main

5 Conclusions

In this paper, a prototype to transmit and receive AIS and
VDES signal with a low-cost SDR platform has been im-
plemented. The algorithms for transmission and reception
modes are described. Aditionally, a filtering and amplifi-
cation hardware unit has been implemented to improve the
prototype performance, showing the attenuation of the out-
band interferences and also, the amplification of the AIS
and VDES signals generated and received by the SDR plat-
form. Finally, the AIS and VDES services implementation
in a low-cost SDR platform has been verified, showing a po-
tential alternative for the next generation of maritime com-
munications deployment.
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