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Introduction

Operations in maritime environments are increasing in number and complexity. There is a large diversity
of operations going on and the vessels involved are increasingly complex. Operations tend to move to
deeper waters and there is an expectation that operations can continue in even the most harsh weather
conditions. Co-operation between multiple vessels to solve operational objectives in an effective way is
also required. These operations need to comply with stringent safety requirements to minimize risk to
humans and assets.

New technology and clever solutions are required to solve all these requirements. One of the key
technology elements to these challenges is reliable and effective communication. Traditionally,
communication has been about communication between humans. However, communication is also about
communication between sensors, systems and humans.

This paper presents a novel solution to reliable and wireless data transfer for typical environments of
complex, maritime operations.

Maritime operations — challenges and opportunities

Some examples of maritime operations that will benefit better communication means are outlined in the
following section.

Simultaneous operations (SIMOPS) where multiple vessels need to be co-ordinated to operate safely and
efficiently, provides some communication challenges:
e A varying number of vessels are expected to co-operate and be co-ordinated
e Large vessels are operating in close proximity to each other, causing radio shadowing
e Effective and safe decision support requires a consistent understanding of the operation at
different vessels
e Traditional voice communication via UHF/VHF involves risk of under communication and
misunderstandings

Better and more consistent communication in simultaneous operations enable:
e Real time sensor data sharing for improved decision support
e Command and control information transfer for more effective operation
e Common operational view to improve management capabilities and reduce safety risk

Marine seismic operations are users of wireless communication in many instances and characterized by:
e Activities are covering large operational areas
e Some operations are occasionally getting close to existing installations for oil & gas production
e Some operations involve multiple vessel in close co-ordination
e Operations might rely on one or more supporting vessels and work-boats used to maintain the
seismic spread

A good communication capability for seismic operations enables:
e Common visualization of seismic tow between mother vessel and support vessel
e Exchange of operational guidance and seismic data between vessels in e.g. undershoot operations
e  Opportunity to transfer video from work-boat and expert guidance support from mother vessel
e More effective and safer co-ordination of multi-vessel operations during e.g. line change
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Offshore loading operations open safety critical aspects of different kinds since a huge shuttle tanker
operates on DP with just a few meter clearance to the FPSO/FSU:
o Shuttle tanker station keeping is maintained by using reference system data transferred from
FPSO via radio link
e [t is useful to monitor the flow of hydrocarbons both on FPSO and shuttle tanker in real-time to
detect potential pollution to the sea
e Maintain safety margins also under harsh weather conditions

An improved communication solution can offer the following benefits to an offshore loading operation:
e Increased reliability of reference system data transfer from FPSO to shuttle tanker
e Capability of adding supporting real-time sensor data between the vessels
e Improved and extended transfer of command and control data between the vessels

The examples listed above demonstrates the usefulness of reliable and high capacity data transfer in the
respective maritime operations. The examples also confirm that in spite of the existence of traditional
solutions, there are opportunities for improved technology to solve these communication challenges.

Wireless communication in a maritime environment

Some basic requirements for a high capacity and reliable communication solution for maritime operations
are:

High reliability with minimum loss of data packets

Designed to address some technical challenges in a maritime environment

Be able to communicate simultaneously over short and long distances

Maintain link even when signal path is obstructed by large vessels

Equipment has to be easy to install, maintain and operate

So-called flat sea fading is a problem to radio signals propagating between vessels at sea. This is caused
by Fresnel zones out-of-phase with the direct path signal. Odd-number Fresnel zones can in a worst case
scenario almost cancel the direct path signal.
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Figure 1: Flat sea fading by out-of-phase Fresnel zones

Another problem typical to maritime environments is simultaneous communication over short and long
distances. This requires a high dynamic range of signal reception or a solution where transmitted power is
adjusted individually between transmitter and receiver. Sometimes it is even expected that long-range
communication is maintained beyond line-of-sight between the vessels.

Figure 2: Short and long range communication

A third problem to maritime communication is obstruction of the signal path by large objects like a
platform or an FPSO. With traditional radio solutions, this can effectively block the link between two
communicating vessels.
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adio signal obstructed by a large construction

Communication basics

The capacity of a radio link is by the link budget. A simplified (Friis transmission equation) link budget
including most effects expressed logarithmically looks like:

Prx = Prx + Grx - Ltx - Lgs - Lm + Grx - Lrx
where:

Prx =received power (dBm)

Prx = transmitter output power (dBm)

Grx = transmitter antenna gain (dBi)

Ltx = transmitter losses (coax, connectors...) (dB)

Lgs = free space loss or path loss (dB)

Ly = miscellaneous losses (fading margin, body loss, polarization mismatch, other

losses...) (dB)

Grx = receiver antenna gain (dBi)

Lrx = receiver losses (coax, connectors...) (dB)

Of particular interest to many users is the free space loss usually expressed as:
Lrs (dB) = 20xlog[4xmxdistance/wavelength]

There will always be a lower limit to the received power where a radio can receive and decode signals.
The link budget have to add up to a number exceeding the receive power limit.

In the real world, it is not easy to establish a reliable link budget since many of the terms can vary due to
different physical effects.

One way to improve the link budget in favour of a stable link over long ranges is to increase the
transmitter and/or receiver antenna gains (Grx and Grx). Several conventional antenna designs are
invented to achieve this based on assumption of direction between transmitter and receiver.
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Figure 4: Alternative antenna designs to increase gain

An alternative way to increase antenna gain is to use so-called phased array antennas. These antennas
consists of several parallel antenna elements. This enables radio beam forming by software for both
transmission and reception.

An atmospheric duct is a horizontal layer in the lower atmosphere where radio signals
e are guided or ducted
e tend to follow the curvature of the Earth
e experience less attenuation than when ducts were not present

Atmospheric duct causes long range propagation of radio signals normally limited to line of sight.

Atmospheric duct can also be caused by the Earth's atmosphere bending the signals back toward the
Earth. In some weather conditions, radio waves are guided around the curvature of the earth at constant
altitude.

Ducting effects can lead to the rather counter intuitive result that communication can take place over
distances far beyond line-of-sight even for high frequency signals. However, extending the radio range by
relying on ducting effects for high frequency (> 1 GHz) requires a link with high power or gain.

MTS DP Conference - Houston October 14-15, 2014 Page 5



Arne Rinnan Sensors Reliable, wireless data transfer in a
maritime environment

270

Figure 5: Beam forming radiation patterns

Figure 6: Communication beyond line-of-sight by ducting

A smart antenna solution

Smart antennas (also known as adaptive array antennas) are antenna arrays with digital signal processing
algorithms. The algorithms are used to identify spatial signal signature and determine the direction of the
incoming signal. Based on the direction of the incoming signal, similar algorithms can be used to direct a
return a signal to the target.

An implementation of a solution consisting of up to 60-antenna elements designed to operate in the 5
GHz band is the basis for the following analyses and test results. The 60-antenna array is implemented in
an integrated electronics board supported by 17 FPGA chips. This solution allows real-time processing of
a data stream of about 40 Gbps. Each of the 60 antenna elements is connected to an individual transceiver
in a fail tolerant design meaning that the antenna will work with one or even several antenna
elements/transceivers not working.
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In most wi-fi solutions, the user is not aware of the underlying protocols needed to establish and maintain
(more or less) reliable communication. Adapting the protocols or so-called data encapsulation is a
complex task but can offer some significant benefits:

Figure 8: Data encapsulation
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Improved real-time capability

Improved bandwidth utilization

Flexible and controllable priority between data contents
Minimizing risk of collision between data telegrams (interference)

The smart antenna solution enables the establishment of a complete wireless distribution system for a
maritime operation.
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Figure 9: A wireless distribution system based on smart antennas (MBR)

The smart antennas are named MBR (Maritime Broadband Radio). Each node can be connected to several
communicating units by a standard IP network (Ethernet). The wireless distribution system offers
seamless communication between the different nodes. In general, any type of data (e.g. sensor data, files,
video, voice) can be exchanged. It is also possible to use the wireless distribution system for user
specified data meaning that virtual IP tunnels can be established between vessels.

An additional feature of the MBR node is to provide long distance range and bearing between the
different nodes. Demonstrations confirm range accuracy of < 1m and angular accuracy of <0.1°,

Test results

One of the driving requirements for the smart antenna has been to develop a sufficient gain to minimize
the problem with e.g. flat sea fading and exploit ducting effects. The parameters in the link budget
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manageable by the smart antenna is combined into the term system gain to compare performance between
different systems and establish a reference for the design work. Theoretical analyses and experiments
have indicated that a system gain of about 160dB is required to achieve the wanted properties from the
smart antenna solution. Adding some margin to this, a target system gain of 170 — 190 dB was set as a
baseline for the development.

200

160

Figure 11 shows an example of flat sea fading. The curve to the right show the effect of Fresnel zones at
different distances (X-axis). The path loss never exceeds -160dB and a system gain of 170 — 190dB offers
significant margin for a stable communication link under these conditions.
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Figure 11: Flat sea fading on a freezing day in Trondheim, Norway
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Figure 12: Radio signal obstructed by MSTrollfjord
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Figure 12 shows the effect of obstructing the signal by a large vessel (about 30 m height above sea level).
Communication throughput is indicated by the curve in the upper, left corner. Even with the large vessel
obstructing the signal path, it is possible to transfer a video data without any noticeable interruption.

Figure 13 shows results from a long-range test addressing transfer capability beyond line-of-sight. The
distance to the horizon (line-of-sight) during this test was about 10km. As seen from the figure the smart
antenna systems offered stable 6Mbps communication up to 100 — 120 km during this test. The reason for

the long-range performance is related to tropospheric ducting.
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Figure 13: Communication beyond line-of-sight
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System Gain

Conventional system (802.11a): Smart antenna system (MBR):

* Two 120° sector antennas pointing towards

each other (10 dB antenna gain) pointing towards each other

+ 36 dBm (4W) transmission power

* Max possible path loss for operation: 122 dB

* Two antenna panels with 90° operative sectors

* Max possible path loss for operation: 172 dB

Margin difference of 50 dB will have operational impact

Figure 14: Comparison of system gain between conventional and smart antenna (MBR) system

MTS DP Conference - Houston October 14-15, 2014

Page 11



Arne Rinnan Sensors Reliable, wireless data transfer in a
maritime environment

The beam forming capability can also be used to suppress signals in specific direction to prevent jamming
effects. A scenario where communication is addressed to a target vessel and it is desirable not to send the
same data to other vessels is presented in Figure 15.
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Figure 15: Active beam forming

Another feature of the technology is used to find the direction to a transmitting unit. A demonstration of
this feature is presented in Figure 16. Data was recorded by driving a car with a transmitting antenna past
the receiving antenna. Beam forming on the receiving side was used to generate a track plot of the car
positions in a 2D plot. The intensity colours represent a 2D projection of the received radiation pattern.
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Figure 16: Sgnal intensity with track plot

Conclusion

A smart antenna solution providing high capacity communication to maritime operations has been
described.

The smart antenna offers a scalable and flexible solution for establishing networks between multiple
vessels. The significantly improved system gain compared to conventional solutions offers predictable
communication Quality-of-Service.

The smart antenna solution is developed for combining transfer of video, voice and sensor data but can
also be used as an [P-tunnel between different vessels. The solution is also capable of offering priority
channels with low latency for time-critical data.
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