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CSA Committed to Provide RADARSAT Data Continuity
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pe s RADARSAT-1 Program Status (1)

» CSA has approved continuation of RADARSAT-1 operation for three more
years (until March 31, 2012)
» Running in 14th year of operation

» Data received and processed at 42 ground stations with 28 archive facilities
globally. One ground station is presently under certification.

» As of January 25 2010, completed 74,263 orbits, planned 326,853 user
requests corresponding to a total acquisition of 620,293 minutes of SAR
data

» Average system performance maintained better than 93%

RADARSAJ-].

HADARSA
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CEQ\&RSAT{ Reception Coverage @
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RADARSAT-1 Program Status (2)

In January 2009 On Board Recorder (OBR) started showing
severe degradation in performance resulting in data drop outs
and processing failures and thus recoded data was not
considered reliable. As a result, OBR utilization was terminated
by CSA on February 20, 2009. However, many Network
Slt_ations are available globally to receive and process data for
clients.

As a member of International Charter Space and Major
Disasters, provided 619 frames of RADARSAT-1 image
data for 286 Charter emergencies to date

Image quality and calibration maintained better than system
specification

Plans for Background Mission: Multiple coverage campaigns
(using RADARSAT-1 and -2);

— Focus on site and application-specific acquisitions:
e Natural Hazards

— Disaster Watch Hurricane Dean 17 Aug

— Hurricane Watch 2007, 09:53 UTC, Lesser
- Polar Regions Antilles, Caribbean

— 4-Season coverage of Arctic Basin
— IPY
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International Charter: RADARSAT-1 Image Product from 2009 Eruption of Cha]

c E 5 Volcano, Chile (1)

Ciudad de CHAITEN _ CHILE _ Situacion al 2 MARZO 2009
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International Charter: RADARSAT-1 Image Product from 2009 Eruption of Chajjas
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CE @\DARSAT-Z Mission Overview

Co-funded by Canadian Space Agency
(CSA) and MacDonald Dettwiler
(MDA)

» MDA is the owner and operator of
RADARSAT-2 and holds the the
worldwide distribution rights for all
products

» MDA has the copyright of all
RADARSAT-2 products

» Data continuity from RADARSAT-1

— all RADARSAT-1 imaging modes
supported

— plus many additional capabilities

» Mission optimizes to support long-
term data supply through 2014

» Launched: December 14, 2007
» Operational: April 25, 2008

CEOS WGCYV 31st Plenary
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C5A ASC

CEd

» High resolution:
— 3m
— multi-look 10 m
— SpotLight
» Polarimetric modes . _
— single/dual polarization " \«-— plgp mmes e,
— quad-pol \\m 2
» Right and left-looking
capability
» Enhanced ground system
providing:
— efficient satellite tasking (12 -
24 hours routine)
— faster data processing
— data encryption

CEOS WGCYV 31st Plenary
f’))'MpA March 2-4, 2010, Washington, DC
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CE®S RADARSAT-2 Imaging Parameters (G

Approximate Nominal Approximate  Number
Beam Mode Incidence Swath Resolution of looks
Angle Width GndRgXAz  RgxAz
Fine 30° - 49° 50 km 10x9m 1x1
Standard 20° - 49° 100 km 25x28 m 1x4
Selective I?olarization Low Incidence 10°-23° 170 km 40x28 m 1x4
HH + HV trffmsmlt HorV High Incidence 49° - 59° 70 km 20X 28 m 1x4
receive Hand / or V
VV +VH Wide 20° - 44° 150 km 25x28m 1x4
ScanSAR Narrow 20° - 46° 300 km 50 x50 m 2x2
ScanSAR Wide 20° - 49° 500 km 100 x 100 m 4x4
Polarimetric Fine Quad-Pol 20° - 41° 25 km 11x9m 1x1
transmit H and V on alternate pulses
receive H and V simultaneously Standard Quad-Pol 20° - 41° 25 km 25x28m 1x4
Selective Single Polarization Ultra-fine 30° - 49° 20 km 3x3m 1x1
transmit H or V
HH + VH + HV + VWV receive H or V Multi-Look Fine 30°-49° 50 km 11x9m 2x2
SpotLight 20° - 49° 8 x 20 km 22x0.7m 1x1

HH or VV or HV or VH

CEOS WGCYV 31st Plenary
a"MpA March 2-4, 2010, Washington, DC
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CE s RADARSAT-2 Beam Mode Coverage

> ScanSAR Wide
— 500 km x 500 km
— 100 mres

> ScanSAR Narrow
— 300 km x 300 km
— 50mres

>  Wide
— 140 km x 140 km
— 30mres

»  Standard
— 100 km x 100 km
- 25 m res
» Fine/ML
0 ¥ — 50 km x50 km
Fine/ML 26 NG . ] 10 m res

Standard % ., > Quad Standard
: -  25kmx25km

- 25mres

» Quad Fine
-  25kmx 25km
— 10 m (nom)

»  SpotLight
— 10 kmx 20 km
- .8mx25mres

(Nominal values)

CEOS WGCYV 31st Plenary
March 2-4, 2010, Washington, DC
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MultiLook Fine 1:1
10 m resolution
50 km swath width

Vancouver airport

CEOS WGCYV 31st Plenary
March 2-4, 2010, Washington, DC




Ultra Fine

Ultrafine 1:1
3 m resolution
20 swath width

Vancouver airport

CEOS WGCYV 31st Plenary

’))JMDA March 2-4, 2010, Washington, DC
™ Page 13



Spot Light

Spotlight 1:1
8mx2.3m
resolution

20 km swath width

Vancouver airport

CEOS WGCYV 31st Plenary
f'))'MDA March 2-4, 2010, Washington, DC

Page 14



CE® S RADARSAT-2 New Modes

» Modes avalilable operationally:
- MFSLC
— S5Q22-31 and FQ22-31 (extending the incidence angle
range out to near 50 degs from the previous limit of
about 41 or 42 degs)
» Modes that are ready, but waiting for approval:
— 50 km swath SQ and FQ

— Wide Swath Fine Resolution: similar to the Fine Mode,
but cover swaths from 110 - 170 km

CEOS WGCYV 31st Plenary
a"MpA March 2-4, 2010, Washington, DC
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RS2 2008-09-20 FQ2W DES

(2]

Comparison of new 50 km
swath-width Fine quad pol
Wide (FQ2W) and 25 km
swath-width Fine quad (FQ?7).

Cantarell oil seep (Gulf of Mexico) subregion.
FQ7 (left) and FQ2W (right). Images are VV polarization.

CEOS WGCYV 31st Plenary
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At launch, Canadian
government regulations
restricted SpotLight
design resolution:

— 3 mrange
— 1 mazimuth

Regulations have been
relaxed, so the full
capability of SpotLight
can be utilized:

— 2.2 mrange

— 0.7 m azimuth

aIMDA

Spot Light

Azimuth (N-S orientation)

! sl A
| .
i -I“--__.—

Range (E-W orientation)

Page 17

HH polarization

Resolution: 0.7 maz x 2.2 mrg
Ascending

43° incidence angle (nominal)

CEOS WGCYV 31st Plenary
March 2-4, 2010, Washington, DC



Polarization Modes Summary A

Beam Mode  Polarization Product
S D Q@ SLC SGX SGF ScN ScW SSG SPG
SpotLight v v v v v
UltraFine v v v/ v v
MultiLook Fine v oo/ v v
Fine v v v v HH or VV or HV or VH
Standard v v v/ v v
Wide v v v/ v v
Ex Low v v v/ v v
Ex High v v v v v v
Fine Quad v v v v
Standard Quad v v v v
HH + HV
ScanSAR Narrow v v WV +VH
ScanSAR Wide v v
Products Abbreviation Processing Level Product Descriptive
Name
Slant Range Single Look Complex SLC Georeferenced Single Look Complex
Ground Range | SAR. Georeferenced Extra SGX Georeferenced Path Image Plus
SAR Georeferenced Fine SGF Georeferenced Path Image
SecanS AR Narrow Beam SCN Georeferenced Path Image
ScanSAR Wide Beam SCW Georeferenced Path Iimage HH + VH + HV + VW
Geocorrected SAR Systematic Geocorrected SSG Systematic Geocoded Map Image
SAR Precizion Geocorrected SPG Precision Geocoded Precision Map Image

— CEOS WGCYV 31st Plenary
”‘,),'MDA March 2-4, 2010, Washington, DC
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NAVIGATION IN ICE INFESTED WATERS
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icebergFinder.com is the place to find

information on viewin gIc EbE‘[Q SN

Mewfoundland and Labrador, Canada

Active Icebergs

id detected region
10240 | B/B/20061:45PM  Western
10239 882006 1:45PM  Western
10238 8/B2006 1:45PM  Western
10237 B/8/2006 1244 PM  Labrador
10236 B/8/2006 12244 PM  Labrador
10235 B/8/2006 1244 PM  Labrador
10234 8/8/2006 1244 PM  Labrador
10233 8/8/2006 1244 PM  Labrador
10232 8/8/2006 1244 PM  Labrador
10231 B/B/2006 1244 PM  Labrador

PPPPLPRPLALPAPP

NEED HELP?

Double click % on the map to center it
on a specific area.

Click the tu zoom in, click thaEltn

Zoom out.
4 el ' Click on an iceberg 2\ to get more info.
i | Click and hold on blank part of the map to
<1 200 km Y data G0 Te drag it around. -
loaber

Satellite hﬂ"?{ a
Coverage Area iSatellite Detection) (Ambassador Detection)




PIPELINE GEOHAZARD MONITORING
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image acquired &t 10:01:24 UTC
woenN  Integrated Satellite

58°19.40W
Tracking of Polluters
(ISTOP)

4544 TN
57°D7.90W

oprox. heading =297°

sEBIN

J 56745, 33N

approx. heading = 277°

10000 0 10000 20000 Meters 427 2N

e e : : 56717.020
Monitoring illegal oil discharges in Canadian waters




CE®S

AL SAT

Integrated Satellite Targeting of Polluters [(1-STOP] _

RADARSAT-1
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Risk Assessment

Creation of Hazards Maps

Disaster Management
_ Landslide andSubsidence Monitoring

™

Vexcel Canada
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CSA GRIP / Forest Sector

Red River Flood Extent Red River Flood Extent
'RADARSAT-2 April 14, 2009 ' RADARSAT-2 April 24, 2009
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CSA EOAU Security Initiatives

Aqriculture / Food Security

CEOS WGCYV 31st Plenary
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Landslides:
MacKenzie Valley Pipeline

» Landslides tri
» by Permafrog £

499 landslides in the pipeline corridor

®18 landslides fall in the low LSZ (3.6%)
®208 landslides fall in the LSZ (41.7%)
m273 landslides fall in the high LSZ (54.7%)

2. Landalde east of
Thunder River

i SpimaTeE, o
_4 FLFS + ”
=

)

|.r - F ""‘:?#‘f;' I'- -

. o .
L pae
£

Landslide Susceptibility Zone (LSZ2)

" L ow LSZ (20% of TTPS area) e .
. LSZ (56%) m——
= High LSZ (8%)
" Hydrography (16%)




INSAR Monitoring of Permafrost Activity along the Mackenzie Valley pipeline
corridor. Pipeline is estimated to cost $12 B when completed

Mackenzie

Alasset P-J, Singhroy, V. River
et al., 2008 IGARSS

PrOJe‘ctﬁéd‘
Pipeline
Corridor

4 Deformation in slant direction (mm)

-20 20

Radarsat-1 Summer 2006 (24 days)
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Northern Needs: from a Floe Edge Service Perspective

December 5, 2008

PP

Tom Hirose (Noetix Research)

31st Plenary
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748000 745000

Estimate of the propagation risk of the dengue [Aedes gegypti)
Area of Léogane, Haiti
High risk
Potential risk
Limited risk
| weak risk
Backgroung : Fusion between Landsat-7 (2003) and RADARSAT-2 Spotlight Baam

SLALZ {HH]}, January 20th, 2010
RALARZAT-2 Dt and Argducti © MacDanak, Dthwies ood Altacees (e (2020) =

AR Rights Reserved. RADAREAT s ow offficis) rodemark af the Conodin SpocrAgency,

Thi dsaler menagemeal prodind wor divvelnped by the Conod@n empany VAT
GroTechnologies, with the support of the Conocvon Spoce Agency {C54) Eorth Qboervation
Apnbeatioes and Ledratans (E0AL) Davsiw.

Estimation du risque de propagation de la dengue (Aedes aegypti)
Région de Léogane, Haiti
Eﬂisque élevé
Risgue potentiel
Risgue limité
l Risque faible
Fond de carte: Fusion entre Landsat-7 {2005) et RADARSAT-2 Mode Spotlight 5LA12

{HH], e 20 janvier 2010
Donnded ¢f piodulty do RADARDAT-2 © MocDosok, Derhwler o Aociies L0
{F01E) - Tews droks répreds. RADARIAT et nr margue officvle de g prce spatisle

canedienneg,

Cr produit o gestion o orise 0 £4¢ développd por ks compaginie concainnne VIARAT
GroTehnoiogies, oW & Juppot du groups diappiotions of Ungations &0
Didereaiios gk Terce (ALOT] e Pdgease spatiek covadienne fdig),

750000

751000

752000

International Charter: RADARSAT-2 Image Product
from 2010 Haiti Earthquake

753000

75




A EB dn 4
Earthquake in Haiti ‘3

Risk estimate of the propagation of mosquitoes (Aedes aegypti) spreading the
dengue fever in the Léogane region.

CEOS WGCYV 31st Plenary
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Science and Operational Applications Research (SOAR)

More than 250 projects supported, and currently being developed. Principal Investigators have an
obligation to publish.

Wetland INSAR over the Everglades from space obse

rved polarimetric data

RADARSAT-2 interferogram of
western south Florida showing
tide-induce water level changes
along the transition between the
saltwater mangrove marsh in
the southwest and freshwater
swamp in the northeast.

Sang-Hoon Hong and Shimon Wdowinski (U of
Miami) and Sang-Wan Kim (Sejong University)

Plenary
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Antarctic Mapping: Background Mission

RADARSAT-2, an exceptional contribution to IPY!

» Following on the successful 1997 RADARSAT-1 campaign, RADARSAT-2 was used to
capture the 2" completed Antarctic Mosaic.

» An Antarctica Interferometric Coverage campaign was also successfully completed.

outh Pole Station

PR
.-,_- jf_

Courtesy: NSF

Mosaic: Wide 2 and Extended High 4

RADARSAT-2 (HH)
Extended High 4
2008-11-01

INSAR: Standard 5 and Extended High {

Partnership with MDA and GIIPSY
*I Agence spatiale  Canadian Space
Canadienne Agency

CEOS WGCYV 31st Plenary
March 2-4, 2010, Washington, DC
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Agence spatiale  Canadian Space

C5A ASC

»Follow on to the RADARSAT-2 program
» Evolution toward wider operational use and
higher reliability
»Provide increased coverage with daily revisit
of Canada and daily access to 90% of the world
»Canadian Government owned and operated

Three satellites with a potential of six

Minimum daily coverage of Canadian waters and
regular land coverage

Data analyzed in near real time for operational
applications

4-day Coherent Change Detection using SAR
Interferometry in between satellite

Dual polarization data capability, with experimental
quad pol and compact pol

CEOS WGCYV 31st Plenary
March 2-4, 2010, Washington, DC
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Imaging Capacity

Daily Access

I 4 passes

-3 passes

................ Wi 90 Wt T ! . -7 & San” E L 12 passes

1 pass

No Visibility

» Imaging time capacity
— 12 minutes per orbit per satellite on average
» Coverage requirements

— Auverage daily coverage of marine stakeholders areas above
42 degree of latitude

CEOS WGCYV 31st Plenary
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c E g s Imaging Modes

RADARSAT CONSTELLATION IMAGING MODES

| |

high-resolution
medivm-resolution
low noise ship
low-reselution detection mode
mode
I * Agence spatiale  Canadian Space March 2:15\581"(‘)’0\7\/‘;8;?;;:0":" 'UI; é
Canadienne Agency ' , ,
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Imaging Modes

i - Polarization Options
i Nominal 31101;1 Nom- P
- Num | gooath Width | - o8 inal Single Pol Dual Pol Quad
Nom. |y .0k . Track
DOKS (accessible) Pol
Res. Lpngth NESZ
Imgx . . . . . 2 HH-VV+
Imﬂg[ug Mode m az ki lan dB HH Vi HV VH HE+HYV | VV=VH | EH+VVY Compact o
Low Resclution 100m 100 Bx1 500 (500) 10 =] ¥ v v v v v v v
Medmum Resolution 50 4x1 350 (500) 10 29 v v v I i i 7 7
50m
Medmm Resolution 16 | 1x4 30 (3500 10 -25 v v v v v v v
16m
Medmum Resolution 30| 2x2 125 (350) 10 -24 v v v v v v v
30m
High Resolution 5m 5 1 30 (500) 10 -19 v v v v v v v v
Very High Resolution 3 w3se 1 20 (500) 10 -17 v v v v v v v v
Im
Low MNoise 100 4x2 350 {500} 10 -25 L v v v v v v
Ship Detection Var Var. 350 {600) 10 Var. v v v v ¥ v
Quad-Polarization NR' | NR =20 (NRY) 10 NR! v
Spotlight 1(az)x 1 5(350) -17 v v v v v v v
3 (grd) . 5
':frﬁa Goal: 8 >
(350)

1 Quad-Pol: No requirement specified
2 HH-VV: The resolution, swath, or number of looks in dual HH-VV polarization modes will be degraded compared to

single-polarization acquisitions CEOS WGCV 31st Plenary
*I Agence spatiale  Canadian Space March 2-4, 2010, Washington, DC
Canadienne Agency
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c E g Benefits to Canadian Users

» C-band continuity

— Critical for current operational SAR-based applications like ice and oil pollution
» Redundancy

— Marine apps no longer dependent on one SAR in orbit = multiple satellites adds robustness
» Complete coverage of Canadian coastal waters

— More complete monitoring — ice, oil, ships, and wind

— Reduction in aircraft hours currently used to fill daily satellite coverage gaps
» High frequency of coverage in Arctic

— Supports better estimation of ice dynamics, marine winds, and ship movements
» Fast turnaround of imagery

— Improve ship detection and oil pollution monitoring for enforcement
» Standard Coverage approach

— Reduce planning overhead associated with swath-based ordering

— Decrease conflicts amongst users
» New polarization capabilities (i.e. Compact Polarimetry)

— Potential to provide new and more reliable information over large regional areas

CEOS WGCYV 31st Plenary
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RCM Master Schedule

| 2009 | 2010 2011 | 2012 2013 2014 | 2015
LEOP1
Phase B Phase C Phase D (3mo.)
| (16 months) | (24 months) | Build I AIT | | |
AN A . A
Payload Payload MPARL CCRL
Payload PSR1 Module ARL
Subsystem ARs -
Spacecraft 1
(PFM) A A
— Bus Bus BUSANFIledme LEOP2
2 months of 4 months of
AR PSR1
Build | AT | | |
Mission Level and Space A
Segment Milestones — LXA JAN N A e
Payload Payload  me— Payload MPAR2 CCR2
/\ 4 PSR2 Module AR2
— . L Subsystem ARs
Mission Mission PDR Mission CDR Spacecraft 2 — — -
SRR A f (FM1) A A
\:SR Bus Bus Bus Module
A A A JANIAN Subsystem ARs PSR2 AR2 LEOP3
Payload  Bus Bus Payload (3mo.)
Space PDR PDR CDR CDR H
Segment SRR \ f / Build | AIT I | I
1
4y T A A A A
Payload Subsystem PDRs Pavload Subsystem CDRs Payload Payload Payload MPAR3 CCR3/
- SAR Instrument PDR SAR Insl?ument CDR Spa(f:e'\:‘;)aﬂ 3 Subsystem ARs — PSR3 —®  Module AR3 Constellation
- XDLS PDR _ XDLS CDR Zég /A CCR
- PLCU PDR - PLCU CDR
- Antenna PDR - SAR Antenna CDR Bus pops Bus Module
- Central Electronics PDR - Payload Software CDR Subsystem ARs
- PDU PDR - Central Electronics CDR
- Tile Controller PDR . PgnuréDRec ronics Legend
- TIR Module PDR - Tile Controller CDR
Bus Sub PDR - T/R Module CDR Mission and Space Segment Reviews
} ;
Bus SUBSYSIEm ZDRS gfuptlssiozt?-’rgR S SRR System Requirements Review
- Bus PCU PDR Bus Subsystem CDRs TSR Trade Study Review
- Thermal PDR BLosp;éISrz:DR GS SDR  Ground Segment System Design Review
- Bus Structure PDR - Bus ADCS CDR PDR Preliminary Design Review
- Bus Structure CDR CDR Critical Design Review
- Bus Software CDR SSAR Subsystem Acceptance Review
Ground Segment (GS) Milestones PSR Pre-Shipment Review
MPAR Mission Preliminary Acceptance Review =
A A A A A CCR Commissioning Complete Review
GS SRR GS SDR GS PDR GS CDR1 GS CDR2 GS FAR
ZXA/ ZXA/ QA/ % A Ground Segment Reviews
% GS SDR  Ground Segment System Design Review
GS Subsystem  GS Subsystem _ SC Control and Remaining GS 3S Subsystem GS Subsystem GS Subsystem GS FAT  Ground Segment Factory Acceptance Test
kick-off SRRs SlmulathS;bsystem Subsystem PDRs  CDRs FATs OSATs GS OSAT Ground Segment On-site Acceptance Test
S GS FAR  Ground Segment Final Acceptance Review
Operations Segment Milestones Operations Segment Reviews
OPR Operations Planning Review
OVRR Operations Validation Readiness Review
OPR OVRR OVR - " - )
ORR-1 OVR Operations Validation Review
Operations Development is reviewed » ~ " ORR Operations Readiness Review
. as part of the Mission PDR in Phase B grEjRDé?:gt S&lhz‘rznlr;oFr’r;Ia;?;)DZ P 31$t P|enal’y
Agence SpatlaIEand Mission CDR in Phase C

WITOCIT ==, £ZUIU,; VV

phington, DC

o H
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CEAS

SCISAT Program Status (1)

» Launched in August 2003, SCISAT satellite
measures numerous trace gases, thin clouds and
aerosols in the stratosphere, thereby enabling a
more comprehensive understanding of the several
chemical processes that play a role in stratospheric
ozone depletion

» CSA has approved continuation of SCISAT
operation for three more years (until March 31,
2012)

SCISAT

CEOS WGCYV 31st Plenary
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CESS

SCISAT Program Status (2) @

» Capacity to receive science data was augmented from 1.1 GB (GBytes)
to 3.0 GB per day by employing two Canadian stations and those of
US and European partners

» Since the beginning of this fiscal year alone, i.e., for the period: Apr. 1,
2009 — Dec 30, 2009, amount of science data collected was more than
790 GB and will exceed 1 TB for the complete fiscal year

» Data routinely being provided to the science team. Intensive data
analyses by scientists have produced a number of new results that have
been disseminated at international scientific conferences and through
the publication of peer-reviewed scientific papers
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