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By Arne Rinnan, Atle Sægrov, Nina Gundersen, David Hagen 



Outline 
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• Maritime operations – challenges and opportunities 

• Wireless communication in a maritime environment 
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• A smart antenna solution 

• Test results 
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Introduction  
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Evolution 

• Operations in maritime environment become increasingly challenging 

 

• Operations take place in deeper water and more harsh weather 

 

• Connected operations involving multiple vessels 

 

• Increased focus on safety 
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Maritime operations – challenges and opportunities 
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Simultaneous operations: Challenges 

 

• Multiple vessels in coordinated operations 

• Close proximity operations 

• Operational awareness is crucial 

• Relying on verbal communication 
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Simultaneous operations: Opportunities 

 

• Real-time sensor data sharing for decision support  

• Command and control information transfer for effective operation 

• Common operational view to improve management capabilities and safety 
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Seismic operations: Challenges 

• Activities covering large operational areas 

• Operations occasionally close to large offshore 

constructions (e.g. platforms, FPSOs) 

• Multi vessel coordinated operations 

• Relying on support vessels  

• Relying on verbal communication 
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Seismic operations: Opportunities 

• Common visualization of seismic tow between mother vessel and support vessel 

 

• Exchange of operational guidance and seismic data between vessels involved in undershoot operations 

 

• Transfer of video from work-boat and expert guidance from mother vessel 

 

• More effective and safer co-ordination of multi-vessel operations during line change 
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Offshore loading: Challenges 

• Transfer of reference system data from FPSO 

via radio link 

 

• Monitoring flow of hydrocarbons both on FPSO 

and shuttle tanker to detect potential pollution 

to the sea 

 

• Maintaining safety margins also under harsh 

weather conditions 
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Offshore loading: Opportunities 

• Increased reliability of reference system data 

transfer from FPSO to shuttle tanker (e.g. avoid 

interference between adjacent operations) 

 

• Capability of adding supporting real-time 

sensor data between the vessels 

 

• Improved and extended transfer of command 

and control data between the vessels 
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Wireless communication in a maritime environment 
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Maritime communication requirements 

A communication solution must… 

 

… be reliable with a minimum loss of data packets 

 

… be designed to work well in a maritime environment 

 

… be able to communicate simultaneously over short and long distances 

 

… work even when signal path is obstructed by large vessels 

 

… be easy to operate, maintain and install 
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Maritime communication problem 1 

• Flat sea fading 

• Caused by out-of-phase Fresnel zone interference 
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Maritime communication problem 2 

• Two vessels located close to each other and a third vessel located far away 

• Communication needed simultaneously between all vessels, even when one is beyond line-of-sight 
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Maritime communication problem 3 

• Large object in the signal path between communicating vessels 

• Radio communication effectively blocked in a worst-case scenario 
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Communication basics 
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Signal loss and gain 

A simplified link budget equation(*) including most effects expressed logarithmically looks like: 

 

  PRX = PTX + GTX - LTX - LFS - LM + GRX - LRX  

where: 

– PRX = received power (dBm) 

– PTX = transmitter output power (dBm) 

– GTX = transmitter antenna gain (dBi) 

– LTX = transmitter losses (coax, connectors...) (dB) 

– LFS = free space loss or path loss (dB) 

– LM = miscellaneous losses (fading margin, body loss, polarization mismatch, other losses...) (dB) 

– GRX = receiver antenna gain (dBi) 

– LRX = receiver losses (coax, connectors...) (dB) 

 

  LFS (dB) = 20×log[4×π×distance/wavelength]  
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(*) Friis transmission equation 



Increasing range by focusing the radio beam 

• Increasing the antenna gain will increase the radio range : 

 

  PRX = PTX + GTX - LTX - LFS - LM + GRX - LRX  

 

• Many traditional designs, but knowing where the direction to the transmitted signal is needed 
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Beam forming by antenna arrays 

• With a phased array antenna the radio beam can be shaped to 

increase gain in specific directions 

 

• The beam can be focused instantaneously by software both for 

transmission and reception 
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Example of phased array radar antenna found on the Internet Beam forming radiation patterns  



Ducting effects 

• An atmospheric duct is a horizontal layer in the lower atmosphere where radio signals 

– are guided or ducted 

– tend to follow the curvature of the Earth 

– experience less attenuation than if 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 
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A smart antenna solution 
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A smart antenna 

• Combining up to 60 antenna elements in one antenna panel 

 

• Simulations and experiments used to find optimal geometry 

 

• Enables instantaneous beam forming and spatial addressing 

 

• Compact size 

 

• High gain 
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Smart antennas are antenna arrays with signal processing used 

to identify spatial signal signatures such as the direction of arrival 

of the signal, and use it to calculate beam-forming vectors, to 

track and locate the antenna beam on the target.  



Parallel signal processing 

• Massive parallel processing by use of up to 17 FPGAs handling a real-

time data stream of 40 Gbps 

 

• Operating in 5 GHz frequency band 

 

• Real-time signal processing 

 

• Up to 60 independent transceivers 

 

• Fail tolerant design 
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(*) FPGA – Field-Programmable Gate Array 



Digital vs analogue phased arrays 

Digital phased arrays: 

• The beam is formed by digital signal processing 

• The receiver can receive incoming data without 

knowing anything about the direction of the 

incoming signal 

• Multi beam is possible 

 

Analogue phased arrays: 

• Analogue phase shift components in the 

antenna give one fixed beam 

• The receiver has to point the beam in the 

direction of the incoming signal 

• Multi beam is not possible 
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Managing the communication protocol 

• In most Wi-Fi solutions the underlying protocol is invisible to 

the user 

 

• Optimizing the basic protocol is complex but allows several 

improvements (adapting the MAC/PHY layers) 

 

• Improved real-time capability 

 

• Improved bandwidth utilization 

 

• More optimal priorities between data types 

 

• Avoiding data telegram collisions (interference) 
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A wireless distribution system 

• Several smart antenna nodes (MBR) can form a wireless 

distribution system to support maritime operations 

 

• Each node can be connected to several clients by a standard 

IP subnet (Ethernet) 

 

• Seamless communication between nodes (MBR units) 

 

• Can offer virtual IP tunnels between vessels 
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Additional features 

• Technology enables long distance range/bearing measurements with an accuracy of <1 m/<0.1° 
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Testing range and bearing at a remote Norwegian airport 



Test results 
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Pre-development system gain(*) assessment 
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(*) System gain: maximum allowed path loss for operation 



System gain 

Smart antenna system (MBR): 

 

• Two antenna panels with 90° operative sectors 

pointing towards each other 

 

• 36 dBm (4W) transmission power 

 

• 6 Mbps data rate with sensitivity -88 dBm 

 

• Max possible path loss for operation: 172 dB 

Conventional system (802.11a): 

 

• Two 120° sector antennas pointing towards 

each other (10 dB antenna gain) 

 

• 17 dBm (50 mW) transmission power 

 

• 6 Mbps data rate with sensitivity of -85 dBm 

 

• Max possible path loss for operation: 122 dB 
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Margin difference of 50 dB will have operational impact 



Flat sea fading 
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Testing flat sea fading on a freezing day 

in Trondheim, Norway 
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Obstructing the signal 
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Signal obstructed by MS Trollfjord 

(L: 135,75 m, W: 21.5 m, height over sea-

surface ~30m)  

video limit 

Video transfer from small craft 

//seatex.no/work/Project/3156_MBR/Videos/Radionor Hurtigrutetest/Hurtigruta iperftest 3.juli 2013.mp4


Communication beyond line-of-sight 
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Beam forming used to reduce interference 

• Data addressed to a target vessel 

 

• Beam can be adjusted to maximize 

the signal strength towards the 

target vessel 

 

• Beam can be reduced in the 

direction of other vessels that are 

not supposed to receive the data 
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Direction finding 

• The plot illustrates the smart antenna 

capabilty to find the direction to a 

transmitting unit 

 

• Data is recorded by driving a car past the 

receiving antenna 

 

• Beam forming at the RX side is used to 

generate a track plot of the car 

 

• The colour plot represents a 2D 

projection of the radiation pattern 
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Signal intensity with track plot measured by a smart antenna 



Conclusion 
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• A smart antenna solution provides high capacity communication to maritime operations 

 

• A scalable and flexible solution for establishing networks between multiple vessels 

 

• The solution offers predictable Quality-of-Service by significantly improved signal margins 

compared to conventional systems 

 

• The solution is designed for combining transfer of video, voice and sensor data but can also be 

used to offer an IP tunnel between vessels 

 

• The solution offers priority data channels with low latency 

 

 

Conclusion 
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