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Kongsberg Satellite Services

200

 World leading provider within our business area
- Satellite Ground station Network and services
- Maritime monitoring and surveillance services using satellite data
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Changing ice conditions, new opportunities

KONGSBERG

Satellite mosaic Arctic ice Autumn cap 2009
North East passage traffic (upper right)
Arctic drilling (lower right)
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Arctic Vessel Traffic

ArkGIS
66° 33 44"

United
States

Legend R T
e e
— CAFF definition of the Arctic -
Ship traffic density in 2011
| - 1]
& N4

wiwvw. Bergenships.com
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ArcticSat project -

. ESA funded feasibilit =
y study f-esa

ARTES 20 IAP

» ArcticSat concept aimed to improve situational awareness in the
Arctic

» Kick-off: 03.03.2014
 Duration: 14 months

« Core group

KONGSBERG
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Situational Awareness in the Arctic

KONGSBERG

Depends on critical applications
of space technologies

1. Effective communications

—  to enable a complete virtual view of operations
and effective decision making, effectively
mitigating the remoteness of the activities.

2. Access existing observed and forecasted met-
ice-ocean conditions over the field of operations

—  potential hazards and dynamic risk assessment
3. Monitor the positions of all players

— deployed and monitored effectively for
situational awareness

—  safety, emergency preparedness

irtual Operations
Situational
Awarenessin the
Arctic

*Operational efficiency
*Nazard risk mitigation
*Emergency preparedness

Met-ice-ocean nowcasts,
forecasts & hazard alerts

Earth Observation




SITUATIONAL AWARENESS IN THE ARCTIC-

« Communication Awareness
— Non-Geostationary satellites
— Geostationary satellites |
— Earth Observation £ g, L.

— Terrestrial communication systems ECN

. NAVIGATIONAL COMMUNICATION
Information and Data Awareness

— Integrity on information; Poor ENC coverage and
ice chart; Dynamic risk assessment (DRA)

Navigational Awareness

E T A

ENVIRONMENT

INFORMATION DATA

Emergency Response Awareness

— Limited SAR resources; Unfit emergency n
preparedness equipment o
 Environmental Awareness BeRaINCY. REGULATORY

— Harsh weather; Visibility;, Remoteness;
— Icing on equipment; Solar activity.
Regulatory Awareness

— Untrained personnel; Lack of international
regulations; Requirements and new roles for VTS




Satellites
200

Navigation Satellitggw® =
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Communication Satellites
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Satellite Orbits
20

Polar-Orbiting and Geostationary Satellites

Polar Orbit

— .

e Polar-Orbiting

A \/ Satellite
‘ _

———

Geostationary Orbit |

Geostationary
Satellite

©The COMET Program / EUMETSAT / NASA /| NOAA




KONGSBERG

Communication Satellite Alternatives 200

downlink coverage for W3A at 7° East

Iridium CS / OpenPort Inmarsat FleetBroadband VSAT example

True Global Coverage App.75°S-75°N Varies - 60°S-75° N

2,4-128 Kbit/s 150-432 Kbit/s 128-1024 Kbit/s (Normal Subscriptions)
Polar Orbit Geostationary Orbit

In general low bandwidth, for users in Arctic also less reliable links
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200

Ship rafic, 0O&G - and available

ol

Ship traffic AIS
data 2011, one dot
= one shipday

High probability for
oil and gas
(US Geol. Survey)

o ——

Broadband via

Maritime Radio

0-10 Mbps
GEO satellittes
Telenor, Intelsat,
Inmarsat, a.o.
<4 Mbps

LEO satellitts
Iridium
<0.2 Mbps

W=
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User needs o
- actors involved in Arctic operations (onboard/land)

« All operational information into a single view (COP) for all ships taking
part in a defined operation, e.g. incident

» Optimized distribution of prioritized and adapted data to low bandwidth

Near Real Time ice monitoring based on satellite imagery

— lce edge, ice bergs and floes, ice concentration, leads, etc.
— NRT-acquisition

— NRT detection (analysis) of sea ice,

similar need for oil spills and vessels

Forecast drift of detected ice, objects and olil spills
Vessel traffic monitoring, including vessel detection without AlS-signal



Remote Sensing Satellites - Radar

e

30 km Swath
3 m resolution

51) ’
59°38'38.2"N, 59°22"16.7T"E



atellite tradeoff: Coverage vs resolution

KONGSBERG

«= = 20 km swath optical
0,5 m resolution




Satellite-based Services — Arctic

- Elements of situational awareness )

4 « 24/7 — 365
s « Fast Access/
Delivery




Global Oil spill Monitoring
- Using SAR (Radar)

» First KSAT multimission operational EO
service

» Used operationally for 20 years

« EMSA, national authorities, offshore industry
» Pan-European EMSA CSN service since 2006

 Information to users < 15-60 minutes
» Cover large geographical areas
 Light independent, through clouds

» Detects small leaks

» 24/7 Operational Team




First Sentinel-1A NRT Oil spill detection

KSAT:

KONGSBERG SATELLITE SEH\‘\CE;
OIL DETECTION REPORT
Possible oil detected

Acquisition Information

Satellite: SENTINEL-1A

Sensor: SAR

Swath: w

Polarization: w

Resolution: 2m

Incidence angle: Near: 30° Far: 46°
Acquisition Time: 2015-08-19 06:12:14.754 UTC

Scene coordinates:  60° 55'54.92° N/000° 20'43.05"E

60° 30' 39.58" N/ 004° 139"E
58°49'53.52° N/000° 18' 17.52"W
58°25' 14.45" N/003° 58' 02.25"E

Number of detections

1 produced water

General conditions for oil spill detection

Good

Comment

Several of the platforms and vessels have a wind shadow

connected. Wind streaks and atmospheric waves visible in
large parts of the image.

Detection Time Central Position
2015-08-19 06:12:14.754 60° 32'44 92" N / 003° 01' 44 46"
Area Length Width
N 41 km? 174 km N 38 km
26/08/15 WORLD CLASS - through people, technology and dedication
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Ship routing in Arctic waters

UoE 200 1300 1600
' 1 1
M o
d el \ #%o
¥ " % B\
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. > 3 .
- 4 >
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TOMON =
‘OUN
Kilometers
0 16 24 32 40
e ©ESA 2004
1 1 1 L
T00E 120TE 1¥TE WOUE

KONGSBERG

200

Planned route through ice

6 hours
Actual route around the ice



Navigation in ice

- Supporting Arctic R&D cruise 200

22.mars 2015.
Lowest: TSX
stripMap dual-pol

Mid: CSK Himage,
HH-pol

yLd : Pory Ty ¥ i g
2208683, 8234172 @

Upper: RS2 Quad-
pol scene.

WORLD CLASS - through people, technology and dedication /197



Ice ed e deteCtion KONGSBERG
2 200

* Proprietary algorithm and process for automated ice edge detection
— Ready within 10 minutes after image processing
— High resolution (100 Meter)
— Draws a "very open drift ice” line (met.no, NIC and DMI terminology)

« Characteritics: A

— Fast delivery )
— Frequent delivery (24/7)

— Not weather dependent

— High-resolution 4
— Accurate
— Small files for transfer over o

low bandwidth

012,525 50 75 100
O — e Nautical Miles

Legend

Ice edge 16/03/2012

KONGSBERG PROPRIETARY - See Statement of Proprietary Information 26/08/15 WORLD CLASS - through people, technology and dedication Page 20



KONGSBERG

Ice monitoring o0

087575 15 225 30
O Nautical Miles

Legend

~—J» |ce movement 16/03/2012 - 19/03/2012
— |ce edge 16/03/2012

— e edge 19/03/2012

I (ce fioes 16103/2012
I (<. fioes 1910312012

26-Aug-15 121/



lce edge movement in the Arctic
200

20°00€E 3°00E

MET.NO Ice Chart,
May 20, 2015 — 14:00

i
KSAT Ice Edge Line, ]

9 May 21, 2015 - 06:05

Legend
ICE_TYPE

oo - Fastlce
- Very Close Drift Ice

Close Drift Ice
Open Drift Ice
Very Open Drift Ice

0 445890 17807670 3560 May 21, 2015 —14:00

Kilometers i VY

\ e NEW MET.NO Ice Chart, ]

30°00N

1
10°00E 2°00€E

KSAT Kongs berg Satellite Services (KSAT) - Phone: +47 77 80 02 51 (24h/7d) - E-mail: delivery@ksat.no - http:/Mfwww keat no



Ice tracking 2011 KONGSBERG

134°40'0"W 134°35'0"W 134°30'0"W 134°25'0"W 134°20'0"W 134°1 lC!'O'W 134°El"0"W 134°?‘D"W 133°55'0"W 133°5|0'0"W 133“4'5‘0‘W

[=71°25'30"N

71°20'0"N

71°1430"N— B 5 ; L o 5 = e 71°1430°N

71°9'0"N =

71°330°N - e 3 : = = BAet o 3 SR Sabi=i? 3 : 71°3'30°N

134°40'0"W 134°35'0"W 134°30'0"W 134°25'0"W 134°20'0"W 134°15'0"W 134°10'0"W 134°5'0'W 134°0'0'W 133°55'0"W 133°50'0"W 133°45'0'W

(c) Telespazio 2011
CSKS2_GEC_B_WR_04_HH_RD_SF_20110305031519_20110305031533

Legend

=~ 2011.03.05 03:15 - 2011.03.11 05:03 012 4 6 8 .
O Nautical Miles



Iceberg and ice edge detection based on SAR
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Satellite vessel detection and identification 50

8 Ny 20004 L3558 110 !Ol!lﬂ'

i

Google

Bildar 92014 NASA TemaMeotril g ide 02014 TwraMetiies

» Large area activity monitoring and AOl/target identification

» Targeted data collection and multisource identification (imagery+AIS)
+ High resolution data (optical) identification




Radar based ship detection
- Correlated with AIS

Correlation with AISSAT-1 and LuxSpace - 28/11/2012 (asc)

26/08/15

KONGSBERG

200

Legend

® Correlated ships

® Uncorrelated AIS

® Uncorrelated vessel detection

WORLD CLASS - through people, technology and dedication

Page 26




Al 1 KONGSBERG
S and SAR images >0

=]

Map data £2014 Gooagle 75°49"18"N, 71°37"27.6"E

KONGSBERG PROPRIETARY - See Statement of Proprietary Information 26/08/15 WORLD CLASS - through people, technology and dedication Page 27



AlIS vessel and track

KONGSBERG

Google
Map data £2014 Google




Satellite derived wind information

? Hongshery Satellite Services
PN Powered by Boost Technelogies

57 125 192

High Resolution wind
information available

* 1 km x 1 km resolution

« Accuracy 2 m/s (wind speed),
25° (direction)

« Windmaps generated from
15,000 Radar images since

2008

Latitude (N)

. 182 20° 22 242 26 282 302
Langitide (£} Wind Speed [m/s]

o 1 2 3 4 5 6 7 & @& 10 11 12 13 14 15 16 17 18 19 20



. %
Waves retrieval from SAR v

* Long waves (swell systems) are
visible on SAR images because
they modulate the backscattered
signal

L8948'

* Products : swell fields
— Available information
+ Significant wave height
*  Wavelength (%)
* Dominant direction (*)

— (*) depends upon type of SAR
products

Latiude {N)
45424

43412

* Validation activities
— Error on SWH Less than 40 cm in
50 % of cases 3
—  Pr[e(SWH) < 40cm] = 50%

. 0

* Limitation:
— Azimuthal cut-off increase with
respect to R/V ratio and wind speed

LTV48'

Fowered by BOOST Technaolagies

30



Arctic Situational Awareness el

¥

Vessel detection & identification

012,525

50

75 00
Nautical Miles

KONGSBERG

200

» "Object” detection, identification & tracking

General vessel traffic and operations safety
Activity monitoring e.g for resource utilisation
Extended security (national soverignity)

» Challenge

Detect small objects
Discriminate/ldentify various objects
Target identity

ICe egde detectlon 08:39 UTC 18th August 2004

Objects — Ice bergs



80°00'N

75°00N:

Polar Orbiting and Revisit Frequency

R2°00W 91°00W 90°00W

89°00W
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KONGSBERG
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Legend
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This map shows the number of
satellite images from Synthetic
»ofperture Radar (SAR) satellites,
could potentially cover an area
of interest near Greenland, in
the Gulf of Mexico, or off the
coast of Scotland, on Thursday
i April 9.
The closer to the poles, the more
a satellite can image the same
area.
2400 SAR can be used under
darkness and cloudy conditions,
and is therefore very useful for
maritime monitoring purposes.
The image modes chosen

360
Miles

0 45 90 180 270

Greenland

0 25 50 150

100

200
Miles

“Rere are wide swath modes from
RISAT-1, RADARSAT-2, COSMO-

. SKYMED d TERRASAR-X.
Rio ek

15°00W. 10°00W

— ==
A2°00W AT°00W 40°00W

—
J°00W

How many images can | get over my area in one day?

——
37°00W

KSAT =

KONGSBERG SATELLITE SERVICES




KONGSBERG

Copernicus: Sentinel-1 examples o0

] G
[ap  mp  a  fCE Ice Speed (kilometres per year)

. West Greenland Ice Chart Data: Sentinel-1A
wwen Danish Metecrological Institute Vake 26 April 2014 o l _ 4

European Copernicus program:
- First satellite Sentinel-1 launched April 2014

- Operational since 23. September
- Examples: Ice charting, ice movement, coverage, oil spills

/331

WORLD CLASS - through people, technology and dedication



KSAT SAR-MultiMission
(S-1A, RS2, TSX, CSK1-4)

£ Map - SaVoirk - Multisatellite Swath Planner - V5.4.1 (FLOATING LICENSE)
File Edit View Tools Simulaton Visbiites Clouds Window Help

Start: v 2015-Aug-2511:37:07 v End: ~v 2015-Sep-07 11:37:07 ~ iRefresh | i Intersection Mode

# satel..|  areas| 3% Ante...| @ Maps| [] Prod...| [yMap X ' Gantt  []Report
Bl @7 > 2 x G EHE&® Jjaeaofinterest @ @ @FitWindow <44 M| ) Pp x16384  + Inertial - D

Defait Scenario D15-Aug-25 11:37:07 UTC
347 satelites 74.4865
' Lon :19.4691
MLST : 12:55:00
SZA :64.06 deg
Range : 1307.7 km
Altitude : 1307.7 km
Intersection Mode ON
Auto Steering ON, Max Area

@M #1 Cosmo-SkyMed-1
{4 #! Cosmo-SkyMed-2
@ Orbits
3 Sensors
®{ 2! Cosmo-SkyMed-3
=M #1 Cosmo-SkyMed-4
B @ Orbits
@7/ Sensors

'
@ '
'

RADARSAT-2 *
@ Orbits
Sun-Synchronous Nominal Orbit
t Two Line Elements
-7 Sensors

£ Se .. 5 8 e =

v B
Name Ws Full Performance Left
Visible v
Priority 999.0
Delivery Time 0.000000 hr
Sensor type SAR =
Sensor band X-BAND 1
Description Wide ScanSAR 6-beam Full |~
= Sensor Mode
Sensor name WS Full Performance Left
Name wideBeam_001
+ Visible v
Bitrate 0.00 Mbit/s
Spatial resolution 40.00 m

Bjgrngya / Barents Sea - 12 day cycle;

SAVOIRK - swath Acqui

KONGSBERG

Cosmo-SkyMed-1.5canSAR (WideRegion) - Right. FleldO'Regard
2015-Aug-25 1

AbsOrb: 44447, 291896

TAnx: 1702592 sec

RelOrb: 129.291896

Cycle: 187

Cosmo’fkyMed 1.5canSAR (WideRegion) - Right FieldOfRegard
2015-Aug-26 03:00:16.604

AbsOrb: 44453.209423

TA 221.537 sec

RelOrb: 135.209423

Cycle: 187

Cosmo-SkyMed-1.5canSAR (WideRegion) - Right.FieldOfRegard
2015-Aug-26 17:43:06.563

AbsOrb: 44462.290705

: 1695.645 sec

144290705

Cycle: 187

\wedrl_scanﬂk (WideRegion) - Right FieldOfRegard

] 2015-Aug-27 03:18:22.242
| AbsOrb: 44468.208146
TAnx: 1214.091 sec

RelOrb: 150.208146

Cycle: 187

Cosmo-SkyMed-1.5canSAR (WideRegion) - Right FieldOfRegard
2015-Aug-27 16:24:24.481

AbsOrb: 44476.293741

TAnx: 1713.353 sec

RelOrb: 158.293741

Cydle: 187

kyMed-1.5canSAR (WideRegion) - Right fieldOfRegard
2015-Aug-28 03:36:29.683

AbsOrb: 44483.207179

TAnx: 1208.449 sec

RelOrb: 165.207179

Cycle: 187

& \%osmo SkyMed-1.5canSAR (WideRegion) - Right FieldOfRegard
2015-Aug-28 1 6.072
AbsOrb: 44491.203485
DT Anx: L3 861
RelOrb: 173.297 17

Cosmo-SkyMed-1Scan

“TAnx: 1203641 sec




Operational use: Integrated service information
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Tegnforklaring

®  Helekoloni
Verdifulle omrader

Gytefelt lodde

Gytefelt kongekrabbe
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Korallrev
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Common Operating Picture (COP)
- As basis of decision support

KONGSBERG
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ARCTICSAT %

KONGSBERG

200

e ™
l\,l\leséi g;toa:lasr%” Ne_ed of weather Need of_ice
information information
forecast
ArcticSat Oil Spil 'gt?lsll';lted ArcticSat Oil ArcticSat other
Response Service e services
\

A y,
Typical Users/potential operators:
- Oil spill response organizations
- Oil companies
- Governmental part of oil spill preparedness and response
- VTS

Shore-side
incident response
command center

'

Offshore-side «Master»/
- Operations lead
- Information HUB

Information Distribution
Shore - Offshore

D

Typical Users:
- Fixed installations / Oil rigs
- Lead vessels organized within response team

Information
Distribution
Ship - Ship

Typical Users:
- Ships supporting oil rig (e.g. icebreakers as part of Ice

u v e mngt)
\ - Vessels organized within response team

—— - Other casual ships / shipping etc.

Ships involved




ArcticSat service request

7

( -— -— 4 ) )
Service specific Service specific Service specific Service specific
information #1 information #2 information #3 information #4
ArcticSat input
Services ArcticSat other services
L A J

Incident
Command
System

Background
maps (static
data)

Background
maps (static

_ Offshore-side «Master» COP )
Ship to ship: Information Distribution
Broadband Ship - Ship
\
I -r‘ 22 e e H
Typical Users/operators:
Background Sl'.\ip.s
Oil rigs

maps (static

" Shore-side COP

Information Distribution
Shore - Offshore

.

Ship-side COP

Other casual ships
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Integration satellite image into vessel navigation systems
Image radar example14.10.2014 (right)




Integrated monitoring in the Arctic

A ‘ | y
)
¥ %

Legend
©  Vessel detection
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AlS tracks
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8 KSAT Delivery Portal - Vess... x : -+

6 @ https://portal.ksat.no/delivery/vesseldetection
Kongsberg Satellite Services

Delivery Portal

Summary  Oil spill detection  Vessel detection AIS Flerbruk My orders  Delivery Monitor  Documents

KONGSBERG

-~

o .

Site information

Search

Change map baselay
"] satellite map Roadmr

Offshore installation
"] Check to show offshore o

Features for the acti

Detected

Image information

Image [C] vessel SAR
[] vessel (AIS
Track (AIS)

Number of products

RADARSAT-22014-1
RADARSAT-22014-1

RADARSAT-22014-1
RADARSAT-22014-1
RADARSAT-22014-1

O8O OO



Thank you for your attention!
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