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ABSTRACT
The Automatic Identification System (AIS) was developed primar-
ily to enhance maritime safety. While large ships are mandated
to equip AIS stations, the situation differs for smaller vessels, par-
ticularly recreational ones, as AIS technology is not obligatory.
Additionally, the cost of AIS stations poses a significant barrier for
owners of fishing vessels or boats. This study outlines the creation
of a low-cost AIS transceiver station using Software Defined Radio
(SDR) technology. The prototype has been meticulously designed,
implemented, and evaluated to showcase its viability. As a tangible
outcome, an out-of-tree GNU Radio module has been developed,
with its code readily accessible online.

CCS CONCEPTS
• Hardware → Analog, mixed-signal and radio frequency test; •
Applied computing→ Engineering; Telecommunications.
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1 INTRODUCTION
Communication has been a key factor in human life ever since
its beginning. Most of the technological devices developed in the
last centuries have had the purpose of facilitating connections
between people [18]. Inventions such as the telegraph or the radio
succeeded in satisfying this need. Maritime communications, aside
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from allowing for the exchange of information, seek to provide
improved safety conditions to individuals at sea.

Radars are one of the first forms of technologies which looks
to provide maritime safety [14]. They are designed to send radio
frequency (RF) signals in all directions and detect their bounces.
This allows for a mapping of the surroundings of the ships to be
created. However, radars don’t provide information about which
objects have been identified. Their functionalities are not trustwor-
thy when there is no line of sight with potential obstacles. There
was a significant milestone in maritime safety in the beginning of
the twenty-first century, with the introduction of the Automatic
Identification System (AIS).

AIS is a technology whose main objective is to improve the
safety of vessels at sea. It was defined by the International Telecom-
munications Union in their ITU-R M.1371-5 recommendation [24].
Periodic messages are broadcasted in the Very High Frequency
(VHF) band by the stations. A considerable amount of information
is encapsulated into the different existing AIS messages. The most
commonly sent information is related to the ship’s position, speed
and course, but static data (such as identification numbers or ship
dimensions) is also shared.

Many advantages of the AIS technology in comparison to radars
can be identified. The use of RF channels for the exchange of infor-
mation allows for better performance. There is no longer a need
for line of sight to know about the presence of other vessels. AIS
also collects a lot of updated information about maritime traffic [1].
In contrast, radars operate at higher frequency bands like 3, 5, or
9 GHz [23], resulting in diminished performance during adverse
weather conditions.

The ITU-R M.1371-5 recommendation defines a wide variety of
AIS systems. The most common are the mobile AIS stations, which
are mounted on ships and allow for their communication with other
stations at sea or at shore. There are two types of mobile stations:
class A stations and class B stations. Depending on the size or the
purpose of a certain ship, one or the other class should be used. Class
AAIS stations are commonly used by large ships.Meanwhile, class B
stations are recommended for smaller, usually recreational vessels.
These systems are designed to allow for inter-operation. Their
differences are mainly based on transmission power requirements
or message sending intervals.

This work focuses on class B AIS stations. There are two sub-
types to be considered, according to the medium access mechanism
used. The two frequency channels must be shared between all
nearby stations. A time division based multiple access (TDMA) is



used, considering the Universal Time Coordinated (UTC) reference.
Minutes are called frames and divided into 2,250 slots of about
27 ms each. Only one station is allowed to send information in a
channel during said slot. The two medium access schemes used by
AIS are self-organized TDMA (SOTDMA) and carrier-sense TDMA
(CSTDMA). The first allows stations to make reservations on certain
slots for transmissions in advance. All stations will then have a
mapping on who will transmit and when. The second is based
on measuring the noise level in the channel in the beginning of
a selected slot. If, according to a dynamic threshold, the station
determines the channel is not occupied, it will transmit. Otherwise
it will wait until the following selected slot.

The AIS technology was first introduced in the 1990s. Only class
A stations were specified, meant to be used by cargo or passen-
ger ships of considerable size. It wasn’t until it became mandatory
worldwide to have an AIS station in 2008 that its use became wide-
spread among large ships [14]. In 2006, class B AIS stations were
defined [19]. However, their use is generally not mandatory.

The situation in Uruguay is similar to that of most countries.
Class A AIS stations must be mounted on large ships, but it is op-
tional for smaller vessels to have a class B AIS station [9, 25]. These
regulations, together with the considerably high prices of stations,
cause most people to opt out from using AIS. This incredibly com-
promises the safety of people at sea, taking into consideration the
technologies available nowadays.

This article details the development of a cost-effective Class B
AIS station, delineating the design, implementation, and validation
phases. Leveraging Software Defined Radio (SDR) technology for
signal processing and transmission, the station employs the CST-
DMA medium access mechanism. A dedicated GNU Radio module,
named gr-itais, was created for this purpose, with its source code
accessible on our repository [12].

The remaining sections are structured as follows. Section 2
presents previous work on the problem as well as open source
tools used in this project. Section 3 describes the software develop-
ment done. Specifically, the decision and implementation process of
the medium access scheme and the generation of messages are de-
tailed. The hardware prototype used for testing is shown in Section
4, and tests and results are presented in Section 5. Finally, Section 6
includes a discussion of the work done and presents lines of future
work.

2 PREVIOUS WORK
Significant research and development efforts have been dedicated
to maritime communications, with particular emphasis on the Au-
tomatic Identification System (AIS). Since its inception, the AIS
system has been the subject of extensive study and analysis within
the maritime community.

The performance of the medium access mechanisms used by the
technology has been evaluated in various articles. Specifically, the
comparison between class A stations (using SOTDMA techniques)
and class B stations (mainly considering the ones that are CST-
DMA based) is studied. In [14], the authors test whether the VHF
channel presents signs of congestion when AIS stations of different
classes join the shared medium. A simulator is developed to track
the movement of ships and usage of the channel. The results show

that, although class B stations using a carrier sense medium access
strategy are the most affected by congestion, the effects are not
significant. However, it is interesting to consider how class A sta-
tions modify channel dynamics. In [19], the effects of the addition
of class B stations on the previously operating class A stations are
studied. Although the authors conclude that the impact is notice-
able, it is mentioned that adding a class A station has a much bigger
effect on the channel in comparison to the addition of a class B
station. Works like [15] and [7] evaluate changes in medium access
mechanisms, such as the use of satellites to improve surveillance
capacities.

The belief that AIS stations provide for better safety conditions
at sea is universal. Multiple works describe the development of sim-
plified or low cost stations [8, 11, 13, 17]. Most of these precedents
are based on dedicated hardware (not general purpose hardware
like SDR technology), lack available code, or have only a partial
implementation of the AIS transmitter function.

On the flip side, a significant volume of open source research
has been conducted on the implementation of AIS stations. Various
projects focus on either the transmission or reception aspects of
AIS. Common examples include receivers like [2, 4, 16], typically
developed in C or C++. Additionally, some endeavors present fully
functional devices [3]. Among the most valuable resources that
served as the basis for our prototype are two GNU Radio modules1
outside the tree: gr-aistx [22] and gr-ais [5]. Building upon GNU
Radio modules is straightforward due to their block-based devel-
opment approach. The software seamlessly integrates with SDR
devices.

2.1 The gr-aistx Module
This is an open source implementation of an on-demand transmit-
ter. Considering a string of bits that represents the payload of a
message, a block is created to build the AIS frame and encode it
using non-return to zero inverted (NRZI). The module includes
an example GNU Radio flowgraph that also contains blocks for
Gaussian Minimum Shift-Keying (GMSK) modulation, as well as
channel selection and transmission.

The developed transmitter does not implement any intelligence.
That is, there are no timers to measure when messages should be
sent or blocks to consider medium access. The main objective of
the project was to contribute to the community with means to run
simple simulations. The authors also provide users with a message
generation script. The code was written for GNU Radio 3.7, with
blocks in C and C++, but was later adapted to a GNU Radio 3.8
version [6].

2.2 The gr-ais Module
This module includes a simple receiver developed for GNU Ra-
dio 3.8. Some blocks are defined in order to detect the preamble
for AIS messages, perform synchronization and then retrieve the
original payload. The received signal is GMSK-demodulated and
NRZI-decoded. The data field of the message is then expressed as a
NMEA sentence and printed to terminal.
1GNU Radio modules are small projects consisting of a few blocks developed by
members of the community. These are usually dedicated to a specific technology (such
as AIS, WiFi, Bluetooth). The blocks can be written either in C/C++ or Python, and
both can coexist within the same project.



The development of the blocks did not initially include a graphic
representation. For this reason, the main processing of samples is
done using a Python script that encodes a GNU Radio flowgraph.
This scheme is then replicated in our gr-itais module, whose func-
tionalities are also defined on a script that interfaces Python and
GNU Radio.

3 SOFTWARE DESIGN AND DEVELOPMENT
To comply with the ITU-R M.1371-5 recommendation, an algorithm
was needed to be able to access the channel in an organized manner.
Once the channel can be accessed, a way of creating the messages
is needed. Which messages must be sent depend on the type of
the selected class B equipment. In this section the decision for
which medium access mechanism to implement is presented, as
well as its development. In addition, we detail a description for
needed messages and the process for their creation. The code within
this project was mainly written using the Python programming
language, using GNU Radio 3.8.

3.1 Medium Access Mechanism Development
When working with AIS technology, a wireless physical medium
for transmissions is used. A channel free of collisions is ideal, in
order to allow all of the messages to be decoded correctly. In the
ITU-R M.1371-5 recommendation, two different ways of accessing
the shared medium are described for class B equipment. Both of
them are based on TDMA strategies. This implies that stations
take turns to send messages and avoid collisions. In each time slot,
only one station is allowed to transmit and transmissions should
not exceed slot duration. All stations take UTC as a reference to
determine the beginning of frames.

Class B equipment can use either SOTDMA (also called SO)
or CSTDMA (also called CS) for medium access. The idea behind
SOTDMA is that different AIS stations canmake reservations for po-
tential transmission slots. Other nearby SO equipment will receive
said reservations and avoid those slots for their own transmissions.
On the other hand, CSTDMA is based on choosing candidate slots.
The equipment will sense the channel for a short period of time in
the beginning of each slot, as it is shown in Figure 1. The sensing
starts around 800 𝜇s after the time slot has begun, in order to allow
some time for other stations to turn on their RF power. According
to the comparison between the channel noise level and a dynamic
threshold, the medium can be classified as free or occupied. If the
channel is free transmission is carried out. Otherwise, the station
retries in the following candidate slot avoiding collisions.

Based on the previous description, it is clear that CS is a simpler
mechanism. Class B CS stations are required to send fewer messages
and meet looser specifications. This, together with the fact that
less transmission power is necessary (which translates to reduced
costs), caused an inclination towards the implementation of the
CS mechanism. However, SOTDMA has a certain priority over
CSTDMA since it can book slots. This could potentially lead to
constant failed transmissions for CS stations. In order to determine
whether this is a disadvantage or not, simulations were carried out.
These preliminary simulation results were presented in detail at
the XXX Conference of Young Researchers AUGM-UNA [20]. A

Figure 1: Sensing of Channel Occupation during the Begin-
ning of a Time Slot. This Image is Taken from the ITU-R
M.1371-5 Recommendation, where it is Referred to as Figure
35 [24]

simple tool for simulation was developed in Python, included in
the repository of the project [12].

To summarize the simulation results, we have examined various
scenarios, utilizing the shortest transmission period for each type
of station, thereby creating the most congested channel scenario.
The amount of SO stations was increased up to the point were
the channel congestion was too high. We found that the upper
limit of this kind of stations approaches 160 before the rate of lost
transmissions becomes significant (around 30%). In Montevideo,
Uruguay (one of the major ports of South America), it is estimated
that approximately 100 SO stations would represent the worst-case
scenario for the AIS channel.

Complementary, in Figure 2 the amount of successful transmis-
sions is shown as a function of the attempted transmissions. For
each curve, the number of total stations increase from 100 to 400,
considering the percentage of CS indicated in the labels of the graph.
The remaining stations were of class SO. This intended to check
whether adding more SO stations in cases of congestion has a neg-
ative impact on the channel. Given that SO stations have a smaller
reporting interval in comparison to CS stations, Figure 2 could be
misleading. This is caused by the fact that the more SO stations, the
higher the amount of successful transmissions. However, the graph
succeeds in showing that if the proportion of SO stations is higher,
the amount of successful transmissions is limited. On the other
hand, with the same amount of stations but a greater proportion of
CS, the channel availability will allow its use to more stations. The
simulations show that CS stations should not suffer from significant
losses due to SO stations, if certain amounts are not exceeded. In
particular, the situation in Uruguay would allow a successful use
of CS stations. These are better at avoiding congestion in a channel
and adapting to its conditions. All of these considerations resulted
in CSTDMA to be the medium access mechanism chosen for the
implementation of the transceiver.

CS stations must be able to listen to the channel to guarantee
correct operation. Samples of the channel must be received and
filtered, as shown in Figure 3. In this development said samples
enter a block called Potumbral that was created to compute the



Figure 2: Graph of the Amount of Successful Transmissions
as a Function of the Attempted Transmissions for Different
Proportions of CS Equipment

Figure 3: Reception of Samples and Connection with
Potumbral Block

dynamic threshold2. The block also takes into account the noise
level of the channel.

In order to compute the threshold dynamically, the samples
corresponding to the last minute of the channel are considered. A
total of 15 intervals are defined, each representing 4 out of the last
60 seconds of the channel. The value of the intervals is estimated
with an average of the noise level in said time period. The smallest
value of all 15 will be used as the current threshold of the channel.

The Potumbral block receives candidate slots from another block
called Transmitter. The Transmitter block is described in detail
in Section 3.3. If the current samples in Potumbral lay within the
beginning of a candidate slot, channel power is compared to the
threshold. If the power is smaller than the current threshold the
station should send the message. Otherwise, it will try again in the
following candidate slot.

The output of the Potumbral block consists of a pair of numbers
(𝑛,𝑚). Here, 𝑛 is the number of the slot that was sensed and𝑚 is
either 0 or 1. If𝑚 is 0, it means that Potumbral detected that the
power of the channel was greater than the threshold for the slot 𝑛
and therefore it is occupied. The slot can not be used for transmis-
sion. On the other hand, if𝑚 is 1 it means that the channel is free.

2An independent threshold is considered for each frequency channel. To do so, two
instances of filters and of Potumbral are used.

Figure 4: Frame of an AIS Message, Composed of Six Main
Fields that Add up to 256 Bits. This Figure was Adapted from
Figure 6 of the ITU-R M.1371-5 Recommendation [24]

This array is sent to Transmitter who will send the instruction to
transmit the message (if the slot is available).

3.2 Generation of AIS Messages
Each type of station has a different set of messages it should trans-
mit. Some of them are optional and some of them are mandatory.
In this first prototype optional messages will not be considered.

As argued in Section 3.1, a class B CS transceiver will be devel-
oped. For this type of stations, only messages 18 and 24 are required.
Message 18 consists of dynamic information like latitude, longi-
tude, speed over ground and course. Its reporting interval varies
depending on the speed of the ship. Message 24 corresponds to
the report of static information. It is divided in two parts, message
24 A and message 24 B. The part A of the message is transmitted
every 6 minutes and it is used to associate the identifier of the ship
(called MMSI) with its name. Part B of the message is transmitted 1
minute after the transmission of part A and it is used to send the
dimensions of the ship and other identifiers.

For the current prototype, a block called Messages was created.
This block has two inputs. On the first input, information from a
GPSmodule is received3, which is then used to generate message 18.
The second input is connected to the Transmitter block, receiving
information about which message should be generated.

Some blocks from the gr-aistx project [22] are used for the gen-
eration of messages. There is also a Python function available in
said module that builds strings of bits that represent messages.
According to the information received from Transmitter, the cor-
responding function is invoked. The resulting string of bits is the
output of the Messages block, which is then sent to the AIS Frame
Builder block. This block was obtained from the gr-aistx project
and conforms the frame according to the ITU-R M.1371-5 recom-
mendation. Once the frame has been built as shown in Figure 4,
the bits are encoded using NRZI. The resulting stream is then fed
to a GNU Radio block that uses GMSK modulation to generate a
ready-to-send signal.

3.3 Transceiver System
In order to transmit messages complying with the reporting inter-
vals of class B CS equipment, the blocks involved in the project
need to exchange information. In Section 3.1 some aspects of the
interconnection were mentioned. In particular, it was stated that
the receiving part of the prototype (which consists mainly of the
Potumbral block) needs to send and receive information from the
Transmitter block.

The Transmitter block generates the candidate slots in which
the equipment will try to transmit. Based on the reporting interval,
a central slot for the next transmission is selected. Then, an interval

3The data received from the GPS module, aside from being used to properly locate the
ship, is used to receive the UTC reference. This is then injected in the system’s clock.



Figure 5: Transmitter Block Connection to Messages and Out-
put of Bits

Figure 6: Final Part of the Transmission. The String of Bits of
the Message are Built into a Frame (and Coded with NRZI),
Modulated in GMSK and Sent through the Channel Indicated
by the Selector

is defined around this particular slot, and ten candidate slots are
randomly selected. Once the candidates are selected (a few seconds
before the scheduled transmission) they are sent to Potumbral.
This block will then determine whether a transmission can be
done or not in each slot. If one of the candidates can be used for a
transmission, the Transmitter block will inform Messages which
message to generate. After transmission, a new center slot will be
fixed according to the reporting interval. These connections are
shown in Figure 5.

Once the system knows when to send a message, and what mes-
sage to send, transmission can be done effectively. The information
follows the path described in Section 3.2 (and shown in Figure 6).
The two frequency channels used by AIS are 161.975 MHz and
162.025 MHz. According to the corresponding channel for trans-
mission4, the signal (originally centered in 162 MHz) is shifted ±25
kHz.

In order to receive messages from other stations, the gr-ais mod-
ule can be incorporated into the transmitter unit. Messages from
other stations will be printed to terminal, as well as the station’s
own messages. This is because in this first prototype message in-
terpretation was not implemented.

4Transmission should alternate between both channels. The Transmitter block de-
termines the correct channel and configures a channel selecting block.

4 HARDWARE PROTOTYPE
The development of this project focused mainly on software. How-
ever, a simple hardware prototype was designed to work with and
run tests. The parts were chosen to try and minimize the costs
involved, all the while allowing for proper operation.

The code was run in two different computers, one considerably
more expensive than the other. The most expensive was an Intel
NUC with an i3 processor, including a 16 GB RAM memory and
a 200 GB SSD disk. The operating system used was Ubuntu 20.04.
A Raspberry Pi 4 Model B was also used, with a 32 GB SD card
and 8 GB of RAM. It was running a Raspberry OS version from
September 2022. Both of them allowed for good test results, but the
Intel NUC was slightly better, as it is shown in Section 5.

SDR technology was used for the project, although the costs of
these devices are usually significant. There are several advantages
to back up this decision. First, it is not necessary to design specific
hardware, which is a long and hard process. Using SDR devices
it is possible to create prototypes fast and take into consideration
changes in standards or design goals. They allow for processing
every sample taken from the RF channel, which was very important
for the implementation of the carrier sense mechanism. It is also
worth noting that there is a big community online of professionals
and amateurs contributing to SDR based open source projects. This
helped the development of our project.

An ADALM-PLUTO SDR device was used for sampling the RF
channels for noise level measurement and transmission. The carrier
sense strategy required the SDR to be calibrated, given that mini-
mum or maximum power levels had to be configured in relation to
what is stated in the ITU-R M.1371-5 recommendation. This process
involved a spectrum analyzer to compare its received power with
the ADALM-PLUTO device.

An extra SDR device was used for receiving AIS messages. Specif-
ically, an RTL-SDR dongle that is only suitable for signal reception.

GPS information was needed to generate messages with accurate
data. A NEO-7M GPS module was purchased, along with an active
GPS antenna (for improved GPS signal reception). The module was
connected to the Intel NUC using USB. The inter-connection to
the Raspberry Pi was done using wires, using the General Purpose
Input/Output (GPIO) pins included in the computer. Aside from
access to GPS data, the module allowed for synchronization with
the UTC reference. Its pulse per second (PPS) output was used to
configure a Network Time Protocol (NTP) server [10].

5 PERFORMANCE EVALUATION
An important part of the design of a prototype is the evaluation
of its performance. Aside from verifying that the system meets
requirements, we evaluate to what extent the ITU-R M.1371-5 rec-
ommendation is complied. Several tests were carried out in both
computers in which the prototype was developed. The results are
shown in Table 1 and are discussed in detail in the following sub-
sections

5.1 Test 1: Transmission Power Evaluation
A relevant parameter to measure is the transmission power. In order
to do so, a spectrum analyzer was connected to the transmitting
SDR device. Five messages were transmitted in each channel and



Table 1: Results Obtained from the Tests Carried out

Test Results (NUC and RasPi) Observations

1 - 1.5 dBm An amplifier of 31 dB
is needed

2 Threshold Update ✓✓ The Rapberry Pi is not
fast enough to meet the

Switching time ✓ required value

3 97%, 75%

All slots should be seen
by the code to ensure the
reporting intervals are
correct

4 Seen in the spectrum: 90%+
Seen by the receiver: ∼ 40%

Potential sources of error
are the AIS frame Builder
block and GNU Radio
buffering

5 Accuracy of 100 %, 80%
6 Delay of 127ms

the maximum power was obtained by computing the average of
the ten transmissions. The values obtained were close to -1.5 dBm,
which does not comply with the ITU-R M.1371-5 recommendation.
The minimum transmission power is established to be 1 W in class
B CS equipment. This value could be reached without significantly
increasing the costs of the prototype by using an amplifier of 31
dB.

5.2 Test 2: Threshold Update Time and Channel
Switching Times Evaluation

It was tested if the time needed to update the dynamic threshold is
enough for the system to work as established in the ITU-RM.1371-5
recommendation. Because of the way it is computed, the thresh-
old will not have real channel values for the first minute since the
system was turned on. During this minute, class B CS equipment
should sense the channel and update its threshold without trans-
mitting. Transmission will begin only after this time has passed.
With the NUC computer this restriction is correctly met, even if
gr-ais is running for message reception. With the Raspberry Pi
computer, the threshold takes an average 1 minute and 4 seconds to
update, but this number goes up to 1 minute and 34 seconds if gr-ais
is running. This difference is mainly because of the fact that the
processor on the Raspberry Pi is slower than the one in the NUC.
Another short test carried out was the evaluation of the channel
switching time. According to the ITU-R M.1371-5 recommendation,
it should take the system 25 ms or less to switch channels. This
condition is met by both of the computers used.

5.3 Test 3: AIS Transmitter Message Timing
Evaluation

The following test was done to verify that the implemented AIS
transmitter sends messages according to their reporting interval
𝑅. The main objective was to determine whether or not a new
message was sent every 𝑅 seconds. To evaluate this, the system was
started and it sent messages during 15 minutes after its initialization
phase. In those 15 minutes, 32 messages should have been sent. In

both computers the interval is correct in most of the transmissions.
In the NUC computer, only one interval was not the expected.
The situation is considerably different to that of the Raspberry Pi
computer, in which a total of eight intervals were missed. This
happens because the system is not able to process every time slot
(as it should). Sometimes the slot in which the transmitter should
send a message is not seen by the code. This usually results in the
message being sent a minute later (once that slot is reached again
in the next frame and the code is able to process it). A way of fixing
this problem in slower computers like Raspberry Pi could be to
analyze less samples. For example, the noise level of the channel
could be computed using 1 out of 20 samples. This would mean that
one sample will be considered representative of 20 samples. This
is not always true and is less accurate. However, it would result in
better performance.

5.4 Test 4: Message Delivery Evaluation
Aside from evaluating if the reporting intervals are correct, it is
important to determine if messages are effectively being sent. This
was tested in both of the considered computers. A third computer
was used as an AIS receiver and a fourth one with SDR++ tool that
allowed us the visualize the spectrum. The transmitter was started
and stopped once 20 messages were sent. In both computers, 90% or
more of the messages were seen in the spectrum, meaning that they
were effectively sent. However, less than 40% of those messages
were interpreted by the receiver. A couple more tests were run to
determine the source of this problem.

5.5 Complementary Tests: Identifying Issues in
Test 4

In order to verify whether the gr-ais receiver was the issue, AIS
catcher [16] was used. The same results were obtained. Once the
receiver was out of the picture, we evaluated if the problem was
in one of the aspects developed in this project, such as medium
access or message generation. This was done using the examples
flowgraph from the gr-aistx project. The flowgraph sends a fixed
string of bits as messages and these are injected into the AIS Frame
Builder block in Figure 6. Given that the same results (of about
40% of message reception) were seen, it became clear that message
generation was not the source of the problem. One last test was
carried out, to verify if the issue was related to the channel selection.
The code and flowgraph were modified to send all messages in
only one channel. The results were the same. Because the GMSK
modulation is done with a GNU Radio block (which are usually
optimized), it is believed that the problem is in the conformation of
the frame in AIS Frame Builder or in some buffer of the Pluto
Sink block.

It is important to clarify that in the previous tests, the messages
sent by the implemented transmitter and received by the receiver
were decoded using an online NMEA decoder [21]. All of the mes-
sages included correct position, speed and direction information,
obtained through the GPS module.

5.6 Test 5: Access to the Shared Medium
The next test that was carried out was to determine if the transmitter
detected other equipment using the channel. That is, if access to the



Figure 7: Oscilloscope Screen with a Message Transmission
Marked in the Green Rectangle

shared medium was done correctly. An external noise signal could
not be transmitted on a specific slot because it would require a lot of
precision and because the transmission slots are chosen at random.
In consequence, a noise signal was transmitted during 40 seconds
so that this time period contained a scheduled transmission. In the
NUC computer, in all transmissions the channel was classified as
occupied and the message was re-scheduled for the next minute. In
the Raspberry Pi this happened 80% of the times, mainly because
in some cases the samples took extra time to enter Potumbral and
the channel noise level was computed wrongly. It is important to
mention that in both computers, 100% of the times the channel was
free, it was classified as such and transmissions were carried out.

5.7 Test 6: Slot-specific Transmission Evaluation
It was verified that the system was able to enter the channel in
an organized manner. However, it was still necessary to check
if transmissions were carried out in the corresponding slot. The
ITU-R M.1371-5 recommendation establishes that a transmission
should be done in the slot classified as free and it should not exceed
its duration. To determine whether the transmitter implemented
complied with this requirement, an oscilloscope was used. On one
channel, the antenna of the transmitter was connected, and on the
other the PPS signal of the GPS was used as input. The first aspect
to determine was if the transmission was effectively being done
in the sensed slot. The PPS signal provided a UTC reference. The
oscilloscope allowed us to verify when the message was seen in the
channel. This is marked in Figure 7.

When the Transmitter block determines that a transmission
should be done, the UTC time is printed in terminal. Then, the
difference between the printed time and the time in which the
signal is observed in the oscilloscope is the transmission delay.
The average delay was of 127 ms, meaning that the transmission
is done about 5 slots after it should be done. Apart from that the
signal was analyzed with more detail to determine its duration.
Each transmission is of about 40 ms, slightly exceeding the 27 ms
established in the ITU-R M.1371-5 recommendation. Even though
these numbers are not ideal, the results are considered good for a
first prototype. The main cause of the delays are the processes of
frame building and the encoding of bits.

6 CONCLUSIONS
In this work, the development of an AIS transceiver station was de-
scribed. A prototype for a class B station was obtained, specifically
considering a carrier sense medium access technique. The project
was divided into two main modules, which were written and first
tested separately, then as a unified system. A hardware prototype
was also designed. All of this was done using the ITU-R M.1371-5
recommendation as reference.

In relation to the medium access module, simulations were car-
ried out in order to verify that the strategy for accessing the shared
medium was correct for the purpose of the project. These tests al-
lowed to affirm that carrier sense TDMAwas a good choice. A GNU
Radio block was created in order to implement the channel sensing
mechanism, including the computation of a dynamic threshold for
channel noise level. The evaluation of the developed medium access
turned out in great results, proving that the channel was only con-
sidered free when no other station was transmitting. In addition, if a
computer with a fast enough processor is used, channel occupation
is detected and its use is avoided.

As for message generation, all messages used by class B CS
AIS stations were implemented. The building of frames was done
using correct GPS data as payload. Messages were received by other
simulated AIS stations and it was possible to correctly decode them.
Aside from their content, the reporting intervals of messages were
also coherent with the ITU-R M.1371-5 recommendation.

The design of the hardware prototype was simple. It was highly
based on devices or parts to which the authors already had access
to. However, the total price of the implemented station was of about
half the price of class B AIS stations in Uruguay. The main goals
of the project were then achieved, obtaining a low cost working
transceiver station using SDR technology.

An out-of-tree GNU Radio module called gr-itais was developed.
Its code is available on Gitlab [12], incorporating both the resulting
blocks of this project and pieces of other projects such as gr-ais and
gr-aistx. The code for the simplified simulations ran is also available
on our repository.

6.1 Future Work
We would like to clarify that this article describes the development
of a prototype. Several functionalities that are not covered here
must be implemented for this station to be used in real life scenarios,
as well as more detailed tests need to be carried out.

The developed transmitter sends both dynamic and static infor-
mation to other stations successfully and automatically. A carrier
sense, time division based medium access mechanism was imple-
mented. It considers a UTC time reference in order to work properly
in relation to other stations.

An instance of gr-ais can be run in the background to allow for
message reception, although the interpretation of said messages
is not implemented. The ITU-R M.1371-5 recommendation defines
three modes of operation: autonomous, assigned and interrogated.
Given that received messages are not interpreted, the latter modes
of operation could not be done. Our system can not send safety data
when requested by other stations, because it can’t understand said
requests. If message interpretation is implemented in the future,
it could be a first step towards implementing the more complex



medium access mechanism, self-organized TDMA. Said strategy
requires stations to listen to each other’s slot reservations.

It was possible to sense the slots of interest once the Transmitter
block had categorized them as candidates. However, transmission
was carried out about five slots late. This is one of the most impor-
tant aspects of the project in which more work should be done. The
transmission delay needs to be optimized. It is also worth noting
that, once the message is transmitted, the transmission has an aver-
age duration of 40 ms. This is longer than the defined slot duration,
also resulting in issues.

Finally, no graphic interface was designed for the GNU Radio
blocks created. This was due to the fact that most of the develop-
ment was done using scripts for defining flowgraphs. It would be
useful to have a graphic representation of the implemented blocks
in the future.
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