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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 .
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* Flat sea fading

» Caused by out-of-phase Fresnel zone interference
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Maritime communication problem 2 .
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» 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 .
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 Large object in the signal path between communicating vessels

« Radio communication effectively blocked in a worst-case scenario

¥

— G

Page 6

KONGSBERG PROPRIETARY - See of Proprietary WORLD CLASS - through people, technology and dedication.




P

KONGSBERG

A smart antenna solution




Increasing range by focusing the radio beam

KONGSBERG

* Increasing the antenna gain will increase the radio range :

Prx = Prx "'@ Ltx - Les - Lu "" Lrx

« Many traditional designs, but knowing where the direction to the transmitted signal is needed

Page 8 11/11/2015 WORLD CLASS - through people, technology and dedication.

KONGSBERG PROPRIETARY - See Statement of Proprietary Information



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

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



A smart antenna
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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

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.
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Parallel signal processing &
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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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Beamforming
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270
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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

Data encapsulation

Improved bandwidth utilization

KONGSBERG

(“<= 4 ->7) OnAir Protocol
\:::T—:—:/

Wireless

header Payload

<«—— Wireless datagram —>

UDP

header Payload

«————————— UDP datagram ——

IPV4 header Payload

«———————— |Pdatagram —— ——>

802.3 header

More optimal priorities between data types

Payload

Avoiding data telegram collisions (interference)

Page 13 11/11/2015 WORLD CLASS - through people, technology and dedication

KONGSBERG PROPRIETARY - See Statement of Proprietary Information

Ethernet datagram >

w User Protocol



A wireless distribution system &
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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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Test results
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Flat sea fading

Testing flat sea fading on a freezing day
in Trondheim, Norway
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Path loss between two circular polarized antennas vs. distance
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Flat sea fading — 4km to Okm

Signal strength vs time
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Throughput test in difficult conditions
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Iperf results
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Communication beyond line-of-sight &
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User data throughput vs. distance
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Communication beyond line-of-sight — 7Mbps &
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8 IPERF throughput vs distance MS Midnatsol mot Rorvik 2015-08-28 95%-5%
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Communication beyond line-of-sight — 15Mbps &
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16 IPERF throughput vs distance MS Midnatsol mot Rorvik 2015-08-28 95%-5%
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MBR System
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2.2 System diagram Units
A basic system diagram is provided. 1 MBR Radio Unit
2 MBE Power Supply

Cables
A Power cable from Radio Unit to power supply
B Data cable from Radio Unit to user equipment

The power supply can supply power to two MBR units.

-—-—_
- o

- -
-
- -
S —— -

Page 27 11/11/2015 WORLD CLASS - through people, technology and dedication.

KONGSBERG PROPRIETARY - See Statement of Proprietary Information



MBR Products
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« MBR 189
— High gain version for vertical installation

« MBR 179
— High gain omnidirectional version for horizontal installation

- MBR 144
— Portable mobile version
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MBR Products

(SW 2.02.00)

Data rate
[Mbps]

Range at
25mvs 25m ASL

&

KONGSBERG

Operational
area

..
Number of
transceivers/
Antenna
MBR 189 60 f Helix
MBR 179 60/ Monopole
MBR 169 60 / Monopole
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4 W 60 dBm /
1000 W

4 W 57 dBm f
500 W

1 W 51 dBm /
125 W

WORLD CLASS - through people, technology and dedication.

157771211 48 /50 /53 /55
Mbps

15777211 41/43 /46 /47
Mbps
71211 35 /38740

Mbps
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