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Abstract— The automatic identification system (AIS) refers
to a tracking system relying on ship-fitted transceivers; this
system is indispensable in vessel traffic service (VTS). When
satellites are used to receive AIS signatures, the term satellite
AIS (S-AIS) is used. AIS information adds more on marine
radar information, which leads the technologies for collision
avoidance concerning water transportation. This paper presents
an evaluation of the quality of AIS frames received at the ground
station and recommends improvements on the current AIS
system so that we can detect signal degradation and track vessels
that go “AIS dark”.
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1. INTRODUCTION

The study of Automatic Identification System (AIS)
frames sent by CubeSats to the ground stations involves
analyzing the data transmitted by these miniature satellites as
they orbit the Earth [1]. AIS is a system used for tracking ships
and other vessels at sea, and CubeSats equipped with AIS
transponders can provide valuable data for maritime safety
[2]. An AIS transponder is a device that transmits and receives
information about a ship’s identity, position, course, speed,
and other key parameters. It operates on very high radio
frequencies and utilizes a Global Positioning System GPS
receiver to determine the vessels’ exact location [3]. The AIS
frames are transmitted via VHF ranging between 161.975
MHz or 162.025 MHz) [3].

When a ship’s AIS transponder is activated, it sends out a
signal that includes the vessel’s unique Maritime Mobile
Service Identity (MMSI) number, its name, and its position
[4]. This signal is picked up by the other vessels in the vicinity
as well as by ground-based AIS receivers and satellite AIS
systems. At the same time, the AIS transponder is also
constantly receiving signals from other nearby vessels, which
it uses to plot their position and track their movements. This
allows it to constantly update the ship's position and provide
critical situational awareness to the vessel's crew and other
vessels in the area.

The communication system of the CubeSat is typically
designed to work with ground station antennas to enable data
transmission between the satellite and the Earth. The
communication system of the antenna consists of a
transceiver, an antenna, and an onboard computer [5], [6]. The
AIS system uses a time-division multiple access (TDMA)
radio access. However, the TDMA scheme is known for
technical deficiencies in the form of reliability when receiving
AIS messages from various transceivers coming in
simultaneously [7]. This has been a major concern
commercial companies have been exploring jointly with the
marine industry.
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Originally, the purpose of AIS system was brought on
board make sailing vessel self- identification of sailing vessels
and maritime traffic monitoring more accurate [8] as it
captures vessels out of the radar visibility, thus eliminating the
imperfections of the radar. [9]. The advantage AIS offers over
the radar technology is that it solves the issues of shadow and
noise that often hamper the performance of radars.

Presently, many countries bordering with coasts have
adopted the AIS system with AIS chain station being built.
These stations are also referred to as PSS meaning physical
shore station [10]. These stations consist of insfrastructures
such as servers, database servers, firewalls, and other
networking devices. Countries from various regions of the
world, signed cooperation agreements concerning the
exchange of data from national AIS systems and the further
development of these systems [10].

The purpose of this paper is to explore and propose
techniques that can help improve the shortcomings of the
TDMA scheme currently used in the LEO CubeSats as regards
taking AIS frames and sending them to the ground stations on
one hand, to mitigate signal degradation as well as tracking
vessels that go “AIS dark” [11]. It is also noteworthy to
mention that South Africa counts 12 CubeSats usually
developed at universities of which two, namely ZACUBE-1
and ZACUBE-2 are products of the French South Africa
Institute (F’SATI) and the Cape Peninsula University of
Technology (CPUT) where I am a student [12], [13].

The scope of this paper is as follows:
=  Study and link the radio triangulation system.

=  Evaluate the sensor system on the Zacube-2 and
vessels.

=  Analyzing and processing AIS messages

II. SATELLITE IMAGE ACCURACY TECHNIQUES

The techniques explored in this section consist of radio
triangulation, satellite telecommunication interface for AIS,
probability of vessel detection using satellites as well as the
calculation of the vehicle’s position.

A. Radio Triangulation Signal Detection

Radio triangulation signal detection is a method used to
determine the location of a radio signal transmitter by
measuring the strength or time difference of arrival (TDOA)
of the signal at different receiving stations [14][15]. In this
technique, multiple receiving stations are placed at known
positions and equipped with radio receivers. When a radio
signal is transmitted, it is picked up by these receiving stations.
By analysing the signal strength or the time it takes for the
signal to reach each station, it is possible to calculate the
location of the transmitter.
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Signal strength triangulation involves measuring the
received signal strength indicator (RSSI) at each receiving
station. The strength of the signal decreases with distance,
allowing the triangulation algorithm to estimate the
transmitter's position based on the signal strength
measurements from multiple receiving stations. Time
difference of arrival (TDOA) triangulation involves
measuring the time it takes for the signal to reach each
receiving station. By comparing the arrival times of the signal
at multiple stations, it is possible to calculate the transmitter's
location. This method requires highly accurate time
synchronization between the receiving stations[16].

Radio triangulation can be used to track vessels that have
technical issues of signal degradation and vessels that go AIS
dark If a ship deviates from expected patterns or 'goes dark'
(loss of AIS signal), this can be considered alongside other
data to consider the possibility of a compliance risk, breach of
sanctions, or generally illicit.

Navigation: In navigation systems, such as the Global
Positioning System (GPS), radio triangulation is employed to
determine the location of a receiver by calculating the
distances to multiple satellites. By processing the time
differences of arrival (TDOA) or phase differences of arrival
(PDOA) of the satellite signals, the receiver's position can be
established [17].

Search and Rescue: Radio triangulation is crucial in search
and rescue operations to locate distress signals or emergency
beacons. By using multiple receivers, the signal source can be
pinpointed, aiding in the precise positioning of the distressed
or missing vessel. See Fig. 1 illustrating this principle.
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Fig. 1. TIllustration of radio triangulation

In AIS, triangulation consists of measuring the radial
distance of a radio transmitter from a node. Three closest
nodes to the object of interests are used in the triangulation
system. The three measured radial distances are overlapped
and the intersect is considered. To know the direction of the
radio signal we must use Doppler [18] by rotating an antenna
rapidly in a circular movement. The Doppler shift helps
determine the direction where a signal is coming from. The

(Fig. 2).
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Fig. 2. Illustration of the Doppler shift when the antenna is perpendicular
to the signal

B.  Satellite Communication Interface of the AIS

According to the International Maritime Organization
(IMO) regulations, every vessel covered by the International
SOLAS (Safety of Life at Sea) Convention, during
international voyages, is obliged to have an installed and
operating AIS transponder [19]. It creates new possibilities for
vessels monitoring the high seas and open oceans, not covered
by the range of the land AIS base stations. To fulfill this task,
it is necessary to design and build a satellite component of the
AIS system.

The first assumptions in this field were made in Norway
Norwegian scientists did some simulation research, testing
some possibilities of utilizing the AIS receivers installed on
low Earth orbit satellites. According to the results of the
Norwegian research, the present technical definition of the
AIS system would provide the correct functioning of the
systems in the regions with small AIS traffic density and in
the polar regions. This limitation is caused by the high
probability of AIS frame collision.

To minimize the probability of AIS frame collision and to
maximize the probability of a vessel equipped with an AIS
transponder it is necessary to make proper choices and
optimize many system parameters. The most important of
them are the proper choice of satellite constellation in the
aspect of orbits and number of satellites, the areas of coverage
and overlap areas should be carefully designed, reduction of
the FOV (Field of View) of a satellite [20], Space Diversity
[21]- installation of spot beams antennas onboard of a
satellite, additional frequency channel for AIS transmission
and the change of the vessel AIS frequency of reporting.

C. Probability of Vessel Detection in the Satellite
Field of View

To determine the probability of detection of a certain
number of vessels being in the FOV of a satellite the
simulation research was done, close to the research published
in the work but considering different FOVs of a satellite,
different times of satellite observation, and vessels reporting
period. The research was simplified only to one satellite
placed in one orbit, where its linear speed was 7500 m/s. It
was also assumed that FOV is square. It is visible from the
simulation results that, to achieve a higher probability of
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detection of AIS frames in the areas of high or very high AIS
traffic density, it is necessary, in this area, to implement a
longer time of observation of an AIS signal. Probability
detection level 0,9 can be achieved for 1200 vessels for
Tobs=198s and 2500 transponders Tobs increases to 3600 s
where Tobs is the observation time.
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Fig. 3. Vessel detection field of view [20]

To determine the probability of vessel detection in a
satellite field of view (FOV), several factors need to be taken
into consideration:

Sensor Capabilities: The resolution and sensitivity of the
satellite's sensor play a significant role in vessel detection
probability. Higher-resolution sensors can identify smaller
vessels, while more sensitive sensors can detect vessels that
may be partially obscured or have low reflectance.

Vessel Characteristics: The size, shape, color, and materials
used in the construction of the vessels can also impact
detection probability. Vessels with larger dimensions, distinct
shapes, and high reflectance are generally easier to detect.

D. AIS Vehicle Detection Calculation

To detect vessels using AIS, there is also a need for some
calculations to be performed:

=  Position Calculation: AIS transponders transmit the
vessel's GPS-based position coordinates. These
coordinates can be used to determine the vessel's
exact location on a map.

= Speed Calculation: AIS also provides information
about the vessel's speed over the ground. By
analyzing the transmitted data over time, the speed
of the vessel can be calculated.

= Course Calculation: AIS transponders also transmit
the vessel's course over the ground. By analyzing the
transmitted data, the vessel's direction of movement
can be determined.

E. Access to a Particular Channel

Three techniques used to access a channel are explored.

Code Division Multiple Access (CDMA): in this case, a
channel for satellite repeater or transponder amplifies all the
carriers falling thin its passband at a time during the
operational state of the channel and a code is allocated to the
station [22](Fig.4).
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Fig. 4. CDMA illustration[22]

Frequency Division Multiple Access (FDMA): These
techniques looks at the carrier in the frequency domain. If the
spectra of the carrier each occupy a different sub-band, the
receiver can discriminate between carriers by filtering [23].
This is the frequency division multiple access (FDMA)

(Fig.5).

Frequency Divissen Muluple Access

Power Tirne
FDMA
Each user allocated a
”| different subband/
channel,
Frequency

Fig. 5: FDMA principle illustration [23]

Time Division Multiple Access (TDMA): As a function
of the temporal location of the carrier energies; several
carriers received sequentially by the receiver can be
discriminated by temporal gating even if they occupy the
same frequency band. This is the principle of the Time
Division Multiple Access

(TDMA) [24](Fig.6).
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Fig.6. Figure illustrating the TDMA principle [24]

By the addition of a signature that is known to the receiver
and is specific to each carrier. This ensures the
identification of the carrier even when all the carriers
occupy the same frequency band simultaneously. The
signature is most often realized using pseudo-random
code (pseudo-noise codes). The use of such codes has the
effect of broadening the carrier spectrum.

III. FINDINGS

It is noteworthy to recall that the ZACUBE-2 mission is to
track vessels' activities in waters around the Southern
region of Africa as well as detect fire threats in the same
region. The problem at hand with the current AIS system
South African satellites use experiences delays in
transmitting frames to the ground stations and also that
some vessels can go AIS dark.

Based on the techniques explored this study proposes
the following methodology:

(i.) Implementing triangulation techniques that will
consist of using multiple receivers or ground
stations. Having a second opinion would help
mitigate uncertainties and possible inaccuracies.
Currently, all the CubeSats that were launched
under FSATI use one ground station based at the
CPUT Bellville campus.

(ii.) Avoiding AIS frames collision by carefully
choosing the proper orbit for the CubeSat by
considering constellations already in the orbit.

(iii.)Increasing the detection probability using
increasing the observation time.

(iv.)Implementing the FDMA in terms of channel
access instead of the TDMA that is associated
with channel access delays and thus the AIS
frames transmission delays.

(v.) Implementing a system that can effectively
calculate and provide information about the
incident position and movement of vessels.

IV. ANALYSIS AND DISCUSSION

Based on the findings of the study, the analysis of AIS
messages is expected to be accurate in terms of the following:

Position and Movements: AIS messages provide vessel
position information, typically in latitude and longitude
coordinates. By analysing these positions over time, the
movement patterns of vessels can be determined, including

speed, heading, and course changes. This analysis can be used
to monitor vessel movement, identify route deviations, or
detect abnormal behaviour.

Identification Information: AIS messages contain various
identification information about the vessel, such as MMSI
(Maritime Mobile Service Identity), vessel name, call sign,
and type of ship. This data can be analysed to identify and
categorize different types of vessels in a given area.

Navigation Status: AIS messages also include information
about the navigation status of vessels, such as whether they
are underway, at anchor, moored, or aground. Analysing this
data can help identify congested areas or potential hazards to
navigation.

V. CONCLUSION

The study of AIS frames sent by CubeSats to the ground
station will provide valuable insight into the performance and
effectiveness of the AIS system on CubeSats which will be
used to improve maritime safety, security, and management.
With radio triangulation we will be able compare the signal
strengths observed by different receivers, and an estimation of
the vessel's location can be made.

It is important to note that radio triangulation for tracking
vessels that go AIS dark has limitations. Factors such as
limited range, signal interference, and vessel mobility can
affect the accuracy and reliability of the tracking.
Additionally, this method may not work if the vessel
completely disables its radio communication systems.

Integrating AIS data into maritime space information
systems is an advantage and provides further means for
delivering objective and relevant information to promote
dialogue. Depending on the length of AIS darkness, tracking
a vessel with no AIS positions can be challenging. The longer
the outage, the more possibilities there are for where it could
have gone. However, there are a few avenues to explore which
may yield results when tracking dark vessels.
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