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% OUTLINE
SENSOR FUSION AND PROXIMITY AWARENESS

» |ntroduction

= Autonomous operations

= DP and autonomy

= Proximity awareness

= Results from pilot installations

= Conclusion
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KONGSBERG DEFENCE &

KONGSBERG MARITIME KONGSBERG DIGITAL

AEROSPACE

Global market leader within Modern product portfolio in growing Provider of next generation digital solutions
offshore, subsea and merchant defence and aerospace niches to customers within maritime, oil & gas, and
marine applications renewables & utilities
» Dynamic positioning « 5 generation strike missiles « Oil & gas software
* Integrated automation and control systems » Air defence * Maritime simulation
» Hydro acoustic technologies * Command & control systems for land and naval applications * Renewables & utilities
» Solutions for sustainable fisheries » Complex lightweight structures for the F-35 « Digital Platform
» Autonomous underwater vehicles, underwater « Tactical communication « Group Digital Centre of Expertise

robotics

« Space technologies, satellite services and surveillance
+ PROTECTOR RWS
* PROTECTOR MCT-30 Medium Calibre Turret

» Other specialized remote weapon stations
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DYNAMIC POSITIONING
KONGSBERG CHALLENG ES

= Energy optimization and reduced emission

= Hybrid power-plants
Measurements from
Position-Reference

Systems and Sensors

= New vessel concepts

= New operational concepts

Wanted Position

= |Improved adaptation to changing environments

= Unmanned operations

» |ncreased level of automation

Extended l l
Kalman Filter

Improved decision support
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AUTONOMOUS NAVIGATION
A TECHNOLOGY DRIVER
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AUTONOMOUS NAVIGATION
HUMAN-IN-THE-LOOP

= Human supervision

= Situational awareness

= Decision support

= |ntervention during unexpected
events?

WORLD CLASS — Through people, technology and dedication KONGSBERG PROPRIETARY - See Statement of Proprietary information



& PROXIMITY AWARENESS

KONGSBERG DRIVEN BY CARS

= A wide range of complex sensors adapted to driving
cars

= Dedicated functions for different purposes

= Limited but increasing level of sensor fusion
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CONNECTIVITY
DIGITAL COMMUNICATION BETWEEN VESSELS

= Connectivity between sensors and on-board
systems

= Connectivity between vessels / vehicles operating
in the vicinity of each other

= Connectivity between vessels and land based
infrastructure
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& CYBER SECURITY
KONGSBERG A PART OF THE GAME

Secure communication

ID management

System security and architecture

Secure logging and monitoring

Device management — hardening and trust

Tempest —jamming, spoofing
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VIRTUAL CONTROL AND MONITORING

KONGSBERG MANAGEMENT, MONITORING, SUPERVISION AND CONTROL

= Capturing data value

SINGAPORE

= Data driven decision support

= Digitalization enables distribution of
functions

= Enabler for autonomy
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KONGSBERG

less sensors (e.g. camera)

Proximity awareness
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Automatic docking of a ferry under supervision

Supporting traditional DP reference systems with target

Augmented Reality (AR) view

DP AND AUTONOMY
NEW APPLICATIONS FOR DP
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SENSOR FUSION IN DP
A NEW REFERENCE SYSTEM CONCEPT

GNSS IMU/INS Hydrg Microwave Elegtro AlIS RADAR Cameras Chart
Acoustic Optical

\ }
!

[ Sensor fusion / Artificial Intelligence J

NN

Position, heading, attitude, velocity

Proximity awareness

Decision support
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WORLD MODEL
KONGSBERG AN EXAMPLE FROM A NICE DAY AT THE NORWEGIAN COAST

= Creation of 3D World model
= Geo-referencing vs vessel-referencing
= Picture recognition/segmentation

= Detection, classification and localization by
use of Al

= Mapping of data to world model enables
sensor fusion
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PICTURE RECOGNITION AND SEGMENTATION
SEGMENTATION OF DATA POINTS OF A VESSEL
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DETECTION AND CLASSIFICATION
THE POWER OF DEEP LEARNING

» Object detection and classification by
conventional algorithms and Deep
learning

= Deep learning solves problems of false
identification and missed detection

= Deep learning requires good data sets
for training

Artificial Intelligence

» Deep learning can be combined with
physical models (e.g. Kalman filters)

Published by: Dilip K. Prasad et al

WORLD CLASS — Through people, technology and dedication KONGSBERG PROPRIETARY - See Statement of Proprietary information 15



DETECTION AND CLASSIFICATION
EXAMPLES FROM SEA

Input: Training data: Output:
RADAR raw data Simulated echo Identification of vessels
Sensors AlS and terrain model to mask data Identification of other objects
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KONGSBERG

M/S POLARLYS
AS A DATA PLATFORM

Continuous data collection (200 TB and

accumulating)

GNSS

INS/IMU

2 x X-band RADAR

1 x S-band RADAR

AlS

3 x 4 surveillance cameras
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& PROXIMITY VIEW
AIDED BY SENSOR FUSION

= Full 360 camera coverage of the proximity zone in one view
= The proximity view is complemented by other sensors

= Docking aid to the captain
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KONGSBERG
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IMPROVED DECISION SUPPORT
BY SENSOR FUSION AND ARTIFICIAL INTELLIGENCE

Fusing all sensor data including cameras and 3D models

Detection and classification of objects

Improved sensor accuracy and integrity

Improved decision support also for DP
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& CONCLUSION
SENSOR FUSION AND PROXIMITY AWARENESS

Autonomous operations are driving the technology development also within the maritime
domain

New concepts, like Yara Birkeland, are pushing the development at an unexpected pace

The new technology is an enabler for new solutions also within DP

Sensor fusion and proximity awareness are key elements of future DP reference systems
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Thanks for the
attention!

arne.rinnan@kongsberg.com

WORLD CLASS — Through people, technology and dedication KONGSBERG PROPRIETARY - See Statement of Proprietary information



