Abstract
There has been a steady increase in the number of marine vessels as the shift from a local economy to a global
one occurs. With this increase, security, environmental and safety of life issues are driving the need to create a
method to monitor global marine traffic. Thus, there has been an increasing interest by commercial, civilian and
military authorities in developing a global vessel monitoring capability.

Existing data-gathering systems are limited to providing coastal information and most are not well suited for
adaptation to a global viewpoint. Further complicating the situation is the fact that it is preferable to implement a
system that does not force vessel owners and operators to modify their existing fleet. One pre-existing system
that is adaptable to the global requirement is the Automatic Identification System (AIS). Developed by the
International Maritime Organization, AIS was designed for use between ships and to coastal stations in order to
facilitate collision avoidance and situational awareness.

There has been interest in collecting AIS signals from space for many years in order to provide wide-area AIS
coverage, and the first experimental missions looking at AIS acquisition from space have proven that such signals
can indeed be received from space. The system has technical challenges resulting from adapting a line-of-sight
ground-based communication system to enable reception from space. In addition, there are also many technical,
security, legal and business issues.

The challenges in implementing a global AIS surveillance system are discussed within this paper. Beginning
with a look at the technical challenges and the approach that COM DEV has followed to date, the presentation
then moves on to discuss the global political, legal and business challenges that develop during the
implementation of such a venture.

1. Introduction

The Automatic Identification System (AIS) is a ship-to-ship and ship-to-shore system
used as an aid for collision avoidance and vessel traffic management. AIS signals consist of
short messages, broadcast at VHF, that contain information such as ship ID, position, speed
and heading, etc. AIS transmitters are mandated for specific classes of vessels and are being
voluntarily added by others (including search and rescue boats and aircraft). Class A is a
mandatory service for all ships of 300 gross tonnage and upwards engaged on international
voyages, cargo ships of 500 gross tonnage and upwards not engaged on international
voyages and passenger ships irrespective of size. Class B is a voluntary AIS service for
pleasure vessels. As the system becomes more popular, AIS receivers and display systems
are becoming a common tool for local-area awareness on board ships. Typically, the AIS
system has a range of 50 to 100 km, which limits any long-range ship position knowledge.
In addition, AIS transmitters use a self-organized time division multiple access (SO-TDMA)
scheme to allow all ships within a self-organizing cell to broadcast their information without



overlapping other transmissions from ships within the same cell. Overlapping messages are
often referred to as message collisions.

The ability to collect AIS messages from space provides a ‘signal of opportunity’ that
has significant impact on global marine traffic awareness. It provides an input to a large
number of applications including search-and-rescue, national security, environmental study
and shipping economics. The following paper discusses the technical challenges that arise
as a result of the detection and distribution of signals from a terrestrial based RF system.
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However, the technical challenges are only a portion of the difficulties that arise during the

development of a global AIS sensing and distribution network. The paper moves on to
discuss the legal and business challenges with this system.

2. Technical Implementation of AIS from Space

As stated previously, the AIS system has been optimized for terrestrial use where the
cell size typically no more than 75 km, and often much less Recall that each cell follows an
SO-TDMA (Self-Organized Time Division Multiplexed) scheme to prevent message
collisions. If a system is capable of receiving messages from multiple cells, there is the
possibility of having message overlaps. The more cells that are in view, the higher chance of
a message overlap occurring. In addition to the possibility of message collisions, a space
based receiver must deal with low signal power radiated towards space and ionospheric and
Doppler effects which results in signal degradation. The technical issues with detecting and
extracting AIS messages from space have been studied for several years [1]. By far, the
problem of message collisions is the most difficult to solve; the remaining issues being
solvable through the use of standard RF design techniques. Figure 1 contains an example of
the difference between non-overlapping (uncollided) and overlapping (collided) signals.
The non-overlapping messages are easily pulled out of the baseband signal; however,
retrieving messages from the overlapping case is very difficult. In some cases, the overlap is
such that the messages are difficult to even distinguish from each other.

2.1 Traditional approaches provide limited benefits

To date, most solutions use a standard VHF receiver combined with GMSK (Gaussian
Minimum Shift Keying) demodulation to decode any signals received by the satellite;
essentially using a standard AIS radio terminal with a specialized antenna. In order to deal
with the message collision problem, long and frequent observation times over the area of
interest are required. Thus, the low likelihood of message detection is addressed by using a
long collection time to improve the overall detection statistics and the chances of a clear
message being received. In areas where the ship density is low, the probably of message
collisions is also low and this method provides reasonable performance.
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Figure 1. A clean, non-overlapping AIS signal (top) compared to a collided AIS signal (bottom).
Data was collected by the COM DEV NTS satellite, The peaks represent AIS ship transmissions.

Reducing the antenna footprint is another possible method of increasing the number of
ship detections. However, in addition to reducing the number of cells in view at one time, it
also increases the time to provide global coverage while reducing the amount of time that
any one cell is under observation. The rate that AIS ships transmit is variable and can be as
often as every 2 seconds or a seldom as every 3 minutes. In order to ensure the possibility of
receiving at least one message from every ship in a cell, the cell would have to be in view for
at least 360 seconds or a 2700 km footprint. Even this limited footprint results in multiple
cell coverage and the high probability of message collisions.

2.2 A new approach now overcomes earlier difficulties

COM DEV Ltd. has taken a different approach and developed and tested, using
simulations and aircraft trials [2], an AIS radio intended to address the collision problem
inherent in the reception of AIS signals from space. The purpose of this radio is to achieve a
much higher level of ship detection per spacecraft pass. Following the success of terrestrial
trials, COM DEV subsequently worked with the University of Toronto Institute for
Aerospace Studies / Space Fight Laboratory (UTTAS/SFL) to design, develop and launch the






NTS (Nanosatellite for Tracking of Ships) satellite; using a responsive space platform [3] and
carrying the COM DEV Ltd. AIS radio. The NTS spacecraft, refer to Figure 2, has been
invaluable as it has allowed the collection of raw AIS signals from space.

Figure 2. View of the NTS spacecraft

The decollision process was originally developed using the inputs from a theoretical
signal model of the transmissions as viewed from space. This model was refined using data
from air trials and has now been adjusted based on the signals received from the NTS
spacecraft. The result is a large improvement in the number of detections versus the
commercial receiver approach. A comparison is shown in Figure 3. Figure 4 contains a view
of the global AIS detections from the NTS spacecraft. From this image, the global shipping
lanes and high-density areas are clearly represented.

Inage @ 2008 TercaMettlcs

fmags © 2008 Torrabintsies .
tmage HASA “Google” Image NASA “Coogle

Siraaming /{iliiiii 160% {0 Eyelatt 737823 mi

Figure 3. Comparison between the detections of the COM DEV Ltd AIS radio (left) and a
commercial receiver (right) for a 90 second data set



Figure 4. Global ship detections from a total of twenty-three 90 second snapshots from the NTS spacecraft.
The picture contains 11631 class A ships, 52 class B ships, 2 search and rescue aircraft and 160 base stations.
Gatehouse software is used to present the data.

The results of COMDEV’s real-world tests have validated earlier simulated
performances with a high degree of fidelity. These results have been correlated with market
studies into existing terrestrial system performance. The comparison has shown that the
technology is capable of providing average ship detection performance during a single
satellite pass over a five-thousand kilometer area that is comparable to the performance of
terrestrial systems over their targeted field of view (which is typically 75 kilometers or less
from shore).

Terrestrial AIS systems have the benefit of continuous coverage and detection rates that
approach 100% close in to shore. They have the disadvantage of very limited range and high
cost per square mile covered. AIS from space (AIS-S) has the advantage of providing
complete global coverage with comparable average detection performance as well as low
cost per square mile covered. It has the disadvantages of lower detection rates close to shore
stations and only periodic vessel refresh. Therefore, AIS-S and terrestrial systems each
provide features that the other cannot, which means that both are needed for complete
maritime domain awareness.

3. Business Issues with AIS Reception from Space

Creation of a system capable of providing a global AIS-S solution is a major undertaking
and represents a very large investment. Historically, such a system would only be the






province of government space agencies. This is especially true for system designs that rely
on limiting the coverage area of each satellite to solve the collision problem. Such systems
must then deploy large numbers of satellites in order to provide a reasonable Vessel Refresh
Rate. This is the fundamental tradeoff in the determining the Quality of Service for any AIS-
S system.

COMDEYV has conducted extensive research into the needs and wants of the potential
users of a global AIS picture. Based on this research a, few key needs have emerged:

1) Frequent updates from each ship - (Vessel Refresh Rate)

2) High Capture Ratio - probability of seeing any ship during a pass should be as good
or better than terrestrial systems.

3) Data security and quality - data on historical ship tracks is both sensitive and
valuable and should not be distributed without careful consideration.

4) Access to historical ship tracks for environmental incident investigations and other
applications.

In the past, the first two of these requirements were thought to be commercially
infeasible because of the high cost of deploying the large constellation required to solve the
collision problem. The only solutions that could be considered were systems that employ
standard AIS-S receivers on satellites designed for other purposes. While this does lower the
cost of the AIS-S constellation, it does not directly address the market requirements and the
inherent trade-offs will always be made in favour of the primary constellation mission.

By using the COMDEYV technology described earlier, it becomes feasible to meet the
needs of the market with a much smaller constellation. Specifically, a rapid Vessel Refresh
rate on the order of one to two hours can be achieved with only a handful of low-cost
satellites - while still providing High Capture ratios - all at an affordable cost.

The latter two market needs are not driven by the space segment but by the quality of
the execution of the ground segment. All communications of AIS-S data must be encrypted
end-to-end. Data must only be provided to authorized users and the users must be
authorized consistent with international agreements and understandings of which users are
entitled to see which messages. Similarly, the database of historical tracks must be protected
in a secure facility over the long term.

In order to credibly meet these market needs, an AIS-S provider must make additional
investments in the development of systems, policies and procedures that reliably
demonstrate the security of the data. This investment represents a technical, economic and
operational challenge is nearly as complex as the satellite constellation itself. Software and
database solutions, in particular, are needed that provide the capabilities described - along
with high-reliability ground facilities to ensure physical security and reliability. In other
words, only a complete end-to-end solution can meet the needs of the AIS-S marketplace.



In terms of customers, government maritime authorities represent the primary users for
AIS-S. Coast guards, navies, environmental agencies and fishery ministries all have a
powerful need for a more complete picture of the maritime domain than is currently
possible. A number of commercial applications are emerging that can benefit from AIS-S,
which means that while commercial applications will be subject to careful scrutiny to ensure
that data security is maintained, many applications remain that would not cause concern.

One example would be an insurance company that, with the permission of the ship
owner, desires to have an independent means of verifying the ships track during a voyage -

or to trace the historical track of a ship that had been damaged or lost.

It is important to consider that there exist many other communications means for ship
owners to track their own vessels. These include Iridium, Inmarsat and others. It is far more
difficult to independently verify that a ship is reporting correctly. Similarly, it is difficult for
a third party such as a coast guard to track and communicate with a ship in its waters.

LRIT (Long Range Identification and Tracking) is an initiative of the International
Maritime Organization that provides a periodic reporting mechanism designed specifically
for the use with space assets. In discussions with potential users, AIS-S is positioned as a
complementary system that enhances and supports the goals of the LRIT system. AIS-S
provides additional information (e.g. course and speed) that is valuable in many maritime
applications. AIS-S can provide more frequent updates without the necessity of polling.
LRIT, on the other hand, is a global standard for long range reporting accepted by nearly all
governments. It provides basic domain awareness every six hours and with an ability to poll
ships as required (albeit and an unknown and variable cost). Most potential customers that
have been interviewed see AIS-S as providing an independent surveillance capability that
operates regardless of the status of the LRIT deployment in their particular country. Both
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Pricing of data services is always a key challenge. Simplicity and fairness on an
international basis is important. Many telecommunications companies have foundered
trying to implement overly complex billing systems. That said, the value of a global AIS-S
view is very high. If the total solution can be deployed using the cost effective techniques
described in this paper, a viable commercial solution is feasible. This market driven solution
may obviate the need for governments to use taxpayer money to deploy such systems and
could potentially bring AIS-S to the market more quickly than is possible through
intergovernmental / interdepartmental space and maritime programs

4. Conclusion

In conclusion, AIS-S has faced severe technical challenges in the past that could only be
partially solved by massive investments in satellite constellations. COMDEYV has developed
a powerful set of technologies that cost-effectively addresses the core problem of signal
collision. These technologies have now been proven in real-world space applications and are
making the establishment of a commercial AIS-S offering technically and economically
feasible.



The deployment and operations of a commercial AIS-S service offering requires a
comprehensive business solution that goes far beyond the initial and daunting challenge of
solving the problems of signal reception and decollision. Once AIS-S data is captured by a
satellite, the business must cost-effectively transport that data down to the earth and then to
a central repository. Data must be centrally archived in order to provide authorized users
access to messages from ships anywhere in the world. The data must be processed, archived,
routed, tagged, quality checked, filtered and then distributed to authorized users. This
global network must be monitored and maintained constantly and support must be
available to customers from around the world. When the inevitable issues arise, customers
will want to hear instantly from the operator of the system and be able to communication
problems and obtain timely responses.

A high quality AIS-5 business must address all of these factors in order to provide a
complete service offering. With a comprehensive approach, AIS-S has the potential to save
many lives, help countries protect their borers, protect the environment and make the global
8 trillion dollar maritime trade industry more efficient.
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