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Applications
Some of the applications currently supported by the DERA
West Freugh and Lasham ground stations:

* Weather forecasting

* Oil slick detection

* Search and rescue

* Oil exploration

* Crop monitoring

* Ice monitoring

* Ship detection

* Urban changes

* Oceanography

DERA
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Th.is price list applies to products derived from data transmitted by the European
Space Agency's ( ESA) ERS SAR satellites and received at the Israel Space Agency
(ISA) ground receiving station located near Tel-Aviv. ERS data reception at this
station is by agreement between ISA and ESA. ICTAF has been appointed as
distributor for this imagery.
Prices are in ECU and do not include dispatch and insurance.

\PfodildL•i?:t:: :\};c:;::•q::m ·:P.rociact·•·DesCriptioh•.·;:r::::::u·:··+·ur:At<• :tscene::Area/{kml!t :e.•Pf.iCe(Ecuf ::;;
RAW I 100x110 1,200

Annotated Raw Data as received by the satellite.
• 5,616 samples in Range• x 26,800 samples

in Azimuth"
Precision Image produced from three looks,
with radiometric correction
• Pixel size 12.5m in both dimensions.
• 8,000 pixels per row x 8.200 rows

100x100 1,400

SLC 50x50 800

100x100 700

::i·::iN-"Jnna•c,::i•J1N ,."J
INTERDISCIPLINARY CENTER FOR TECHNOLOGICAL ANALYSIS & FORECASTING

AT TEL-AVIV UNIVERSITY

1998Price List
ERS SAR Imagery Products from the
Israel Space Agencv's Ground Station

ERS products are distributed onDAT or EXABYTE media.

PR!

Single Look Complex quarter scene :Amplitude
and phase data coded as complex numbers
• Pixel size -7.9rn in Range• x 3.9rn in Azimuth •
• 2.500 pixels per row x 15,000 rows

FDC
(Ul16)

Fast Delivery Image - three looks produced
several hours after image reception
• Pixel size - 20m' in range x 16m' in azimuth
• 5,000 pixels per row x 6,300 rows

•Range -At right angles to the satellites' motion; *Azimuth - in the direction of the motion

3 - 11



Time series of the same track and frame ;
at least one image from the archive

Multitemporal Set

•:::::. :QU'aritity\ : .· ..·...: ·:•.!f Price·(ECU)<>
Series of 3 PRI I 2,800
Each additional PRl I 700

Interferometric Set

Series of 3 RAW 2,400

Each additional SLC

· :_/:tfauahtit···

Series of 3 SLC
600Each additional RAW

Subscription Series

1,600
400

Special terms are offered for series of 10 or more consecutive scenes
along the same track

Catalogue output of archived imagery, tracks, frames and orbits , is available
at ICTAF upon request.

Catalogue

For orders or further details please contact:
Abraham Tai

ICTAF
Tel-Aviv University

Tel-Aviv, 69978, Israel

Tel: 972-3-6412882 or 6407586
Fax: 972-3-6410193

email: atal@eng.tau.ac.il

3 - 12
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1998 ERS National & Foreign Stations OperatorsWorking Group
tDNASDA

NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN

Japanese Report
ERS National & Foreign Stations

Operators Working Group
MAY 28-29, 1998
Toulouse,FRANCE

Takao Fukuda
EOC/NASDA.

Tel. +81-492-98-1235
Fax. +81-492-98-1001

e-mail: FUKUDA@nsaeoc.eoc.nasda.go.jp

· EarthObservation Center I NASDA

1998ERS National & Foreign Stations OperatorsWorking Group
tDi>NASDA

NATIONAL SPACE DEVELOPMENT AGEtfCY OF JAPAN

Contents

· EOC Overview
- EOC configuration

· Present Status of Operations
- Present Status
- ERS data archiving

- ERS data production

· ADEOS Anomaly
· TRMM Status
· EOC System Re-constraction
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BOC Overview tlDNASDA
NATtCINALSPACE CEvaoPMENT AGENCYCl' JAPA~
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BOC Overview
-NASDA

NATIOHAL SPACE OEVB.OPMENT AGENCY CF JAPAN

1978ll979ll980l1981ll982l1983l1984ll985ll986l1987l1988ll989l1990l199111992ll993ll994ll9951199611997119981199912000

EOCESTABLISHMENT

(TRMMdata is received by NASAand transmitted to EOC) TRMM£}-
4
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Data Reception
ERS-2
SPOT-2
LANDSAT-5
JERS-1

Processing and Archiving
ERS-1, 2
SPOT-1, 2, 3
LANDSAT-2, 3, 4, 5
MOS-1,lb
JERS-1
ADEOS
TRMM

1998ERS National& Foreign Stations OperatorsWorking Group
t8NASOA

NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN

Present Status of Operations

5 Earth Observation Center I NASDA

1998ERS National& Foreign StationsOperatorsWorking Group
t8NASOA

NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN

Present Status of Operations-
- ERS-1& 2 - _ . .

ERS operation
- Suspended the data reception of ERS1 from June 3,
1996 at EOC.

- For monitoring the serious oil spill from the
tanker, which was occurred on Jan. 2, 1997, EOC
received several pathes of ERS-2 in cooperation
with ESA.

- MOU for ERS-2 data reception concluded with
ESA on April 1,1997.

- At present, reception ,processing and archiving
are performed satisfactorily.

6 Earth Observation Center INASDA



t}NASDA
NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN1998ERS National& Foreign Stations OperatorsWorking Group

Present Status of Operations
- Acquisition Result -
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ERS data archiving
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l))NASDA
NATIONAL SPACE DEVELOPMENT AGENCV OF JAPAN1998ERS National& Foreign StationsOperatorsWorking Group

ERS Data Production
- Media -

Earth Observation Center/ NASDA

l))/NASOA
NATIONAL SPACE DEVELOPMENT AGENCY or JAPAN1998ERS National & Foreign Stations OperatorsWorking Group

ERS Data Production
- HDDT copy for ESA -
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tl)NASDA
NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN1998 ERS National & Foreign Stations Operators Working Group

Present Status of Operations
- Data acquisition & production - .

1997.1.1 - 12.31
- 37 pathes were fully acquired at EOC & 0 pathes
were acquired at KOMAMOTO st. .

-44,917 scenes of raw data & 483 scenes of processed
data are archived at EOC including scenes acquired
at KUMAMOTO & SHOW A st. . (total scenes no.
from 1991)

- New media; CD-ROM, 8mm tape, DAT and MO
were added to distribute to users.

- HDDT copy to ESA was 48 Paths.
(ERSl ; 33 Paths & ERS2; 15 Paths)

11 Earth Observation Center I NASDA

1996 ERS Nat1onal 6. Foreign Stations Operators Working Group tl)NASDA
·NATIONAL SPACE DEVELOPMENT AGENCV OF JAPAN

ADEOS Anomaly

Earth Observation Center I NASDA

ADEOS History
Aug.17,1996 Launch

Sep.21,1996-Nov.5,1996 Mission instrument checkout

· Nov. 6,1996-Jun.30,1997 Pre-Routine and Routine
Operation

· Jun.30, 1997 Termination
(Solar array Paddle anomaly)



ADE OS
~NASDA

NATIOHAL SPACE OEVElOPMEHl AGENCY CF JAPAN
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Fig. l Image of ADEOS by radar.
(Source: FGAN-FHP is Image origination)
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ADE OS ~NASDA
NATIONAL SPACE 0£vELOPMEHT AGENCY a: JAPANAnomaly_
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:PR
-NASA
:TMI
: VIRS
: CERES

(Precipitation Radar)

ADEOS Anomaly_
~NASDA

NATIOHAL SPACE OE\'ElQPMENT AGENCY O' JA.PAN

••••Aug,17
Launch

••••Aug,28
Rotation of the satellite
in order to control orbit.

••••Jun,30
Fracture between the blanket
and solar cell array.

, , , • , .n. • Periodical vibration observed just after
ar~VfFf~CiiY'~[o~'.I>Ientering and exiting the eclipse zone.

· Anomaly of attitude which occurred in 2nd in
•......--...+-.•...•..-....-,___, plane orbit control maneuver on Aug. 28, 1996.

[ r---1···-·-1·--·-·1Attitude 8!1~ularvelocity ratio. . on roll axis. ·-.______._.....___..~__,_·~__,1~

1996 ERS·N11t1onel o!. Foreign Stations Opara tors 'Working Group ••..NAS.l:>A
. NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN

TRMM Status

0 Launched on Nov. 28, 1997 on H-II launch
vehicle from theTanegashima Space Center
of Japan.

I NASDA sensor & 4 NASA sensors
-NASDA sensor

sensor

: LIS

(TRMMMicrowave Irnager)
(Visible Infrared Scanner)
(Clouds and the EARTHs Radiant

Energy System)
(Lighting Imaging Sensor)

Earth observation Center /NASDA
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tDNASDA
NATIONAL SPACE OEVELOPJiENT AGENC" OF JAPAN

1996 ERS N11tton11l &. Foreign s t et tens Oper11tors working Group

TRMM Status

econcept of PR
-The following are the major objectives of PR

To provide 3-dimensional rainfall structure
To achive quantitative rainfall measurement over land

as well as oceans
To improve the accuracy of TMI measurement by

providing the rain structure information
esystem parameters of PR

Radar type ; Active phased-array radar
Frequency ; 13.796&13.802GHz
Swath Width ; ~2I5Km
Observable ; From surface to a height of 15Km
Horizontal Range ; 250m Resolution ; 4.3Km(nadir)

17 Earth Observation Center I NASDA

1996 ERS N11tlon11l &. Foreign St11t1ons Oper11tors Worlctng Group e.NASOA
NATIONAL SPACE DEVELOPMENT AGENCV OF JAPAN

TRMMStatus

The Pre-routine operation phase
Started on Feb. 1, 1998.
Routine operation will start on Aug. 1
1998.

Some information can be seen on the web ;
(http : //www.eoc.nasda.go.jp)

EarthObservation Center/ NASDA



tlNASOA
NATtONAL SPACE OE'IELOPMENT AGENCY CF JAPAN

EOCSvstem Re-constraction•

1. Main theme
(1) Improvement of operating efficiency

- Promote automation in order to reduce human resource.
- Boster more promote Network online interface among EOC's
system.

- Handle the mission and processed data as a file which promote
non restricted archive media.

(2) Countermeasure for increasing archive data
- Change of the archiving policy

At present; RAWdata, Level 0 data and Level 2 products( radiometric
and geometric correction) are archived in mass storage.

Future; Bacically Level 0 or Level lA data will be archived as an
original data depending on the sensor.

- Introduce new storage media and mass storage system.
More higher density, reliablity and cost performance media.
ex.) DTF,DTL,D3 media.

13

tilNASDA
NA TlONAL SPACE DEVELOPMENT AGENCY CF JAPAN

EOCSvstem Re-constraction•System Overview
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(by NIPR)

1998 ERS National & Foreign Stations Operators Working Group
tllNASDA

NATIONAL SPACE DEVELOPMENT AGENCV OF JAPAN

SAR Applications

EXl; Study on the relationship between back scattering
coefficient of the SAR intensity images and surface
condition of ice sheets and sea ice.

EX2; Generation of digital elevation model, estimation
of flow rate of glacier and ice sheet, and
determination of grounding line in Antarctica by
means of SAR interferometry.

21 Earth Observation Center I NASDA
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Features
-Multi satellite data receiving and processing system for
JERS-1,IRS-1C&lD,RADARSAT ,ADEOS(AVNIR)
NOAA,SeaWiFS and GMS

•24Hour automates one man operation

•PC based system configuration

Finished

Receiving

ERS-2
~#l§.t\.~>I Planned (1998)
··11ts:1c,1n···>

2



System summary

-High speed Interface Processor with D-1 rawdata
recording

-Easy to format all sensor data by TSIC original
programmable formatter

•Fully software based downlikdata formattring system
(direct downlink data formatter)for JERS-l(OPS)
and ADEOS(AVNIR)

-File interface with NASDA EOC system

Data Reception Policy
•Build up sophisticated remote sensing technology
for scientific research
•Collaboration with International organizations

-Data reception task share with NASDA

•Data distribution through NASDA I RESTEC

•Develop data processing and analyzing technology

3



Data Products
(Jun.1987-Apr.1998)

Received ADEOS AVNIR 258 paths (15 Dl-L casettes)

5090 paths (783 HDDTs)

406 paths (8 Dl-L casettes)

MOS l!M:OSlB

JERS-1

ERS-1

NOAA

GMS

406 paths (209 HDDTs)

24500 scenes

42200 scenes

.....<t~~tK.

Data Products
(Jun.1987-Apr.1998) cont'd

Processed ADEOS AVNIR (Multi) LEVELO 206 paths
ADEOS AVNIR (Pan) LEVELO 39 paths
MOS-1,lb MESSR LEVELO 482 CCTs
MOS-1,lb MESSR LEVELl 6 CCTs
MOS-1,lb MESSR LEVEL2 100 CCTs
MOS-1,lb VTIR LEVELO 14 CCTs
MOS-1,lb VTIR LEVELl 7 CCTs

JERS-1 OPS(VNIR) LEVELO 170 paths

4



Recording Subsystem

Recording rate 105Mbps ERS AMI
60Mbps JERS-1 ,ADEOS

HDDR Honeywell HD-96
Penny & Giles SE-9000
SONY DIRI 000

Processing Subsystem
HP- 755 Workstation

JERS-1 SAR, ERS-1

SUNspark station20 Workstation
NOAA AVHRR(LevelO,1)
SeaWiFS (levelO,l)

NEC NESDAS-210
GMS SVISSR(levelO,l)

WindowsNT-PC(pentium PC)
ADEOS AVNIR(levelO)
JERS-1 OPS(levelO)

5
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Coverage Map of Takai University Space
Information Center (TSIC)

Antenna Subsystem
•Tracking satellites JERS-1 ADEOS

•Type Cassegrain

•Diameter 1lm

•Azimus ,Elevation,Cross Elevation

•Gain Xband 36dB/K
Shand 23dB/K

6



System Block Diagram of X Band Receiving System

ArUma
Cmtrol

Reciever-.,....-

Direct Formatting Svstem

DIR-IOOOM
+

SON:'(
CSI~D

Ethernet

DFC-1500

Signal
Distributor!

JERS.•1(0PS) ..and.,.ADEOS(AVNIR)
. -..... - ' . ' . ' .. ' ..... - .. - ..... - - ' ' ..... - - : : '; :_:_:_;_~:_:_'.::::;- - .... : .. : . : : : : : : : :.:.: :.:.:_:_:_:_:_:::_:_:_:_:_:,:_:: :,:_::\[:~::::::~~~~~j;i:i:)1!:

.:-~ :~::.

__ n_a_ta_p_T'~icomputer •IQ I
SCSI SCSI I
Intetface Windows-NT

PC
Interface SCSI-DI

SCSI-DI
DIR-1000 Pentium-pro 200 [MHz]

128 [MB] main memoryDFC-1500

7



An Example browse image of JERS-I(OPS)

Processed by Direct downlink
data formatter.

Hokkaido

Tohoku

Sm X-band Antenna
•Tracking satellites

JERS-I, IRS-IC &ID
RADARSAT

•Tracking type :Program tracking

•Type Cassegrain

•Diameter 5m

•X-Y 2-Axis control

•Gain Xband 30-35dB/K

•Weight 5300 [Kg]

8
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··········· $1$it1m .Bloc% Diq.jffi?e>f. ?m .A,nten11a i rx eand Fleceivinl System ··········

Signal Distributor...-------.

5M antenna

Future Plan

•Fully remote controlled data reception. (5m antenna system)

•Direct downlinkdata formatter for EOS-AMI(MODIS) data processing
(Fully software based downlink data formatting system)

X, band I QPSX.
Receiver DEMODULATOR

System Control
Computer

Antenna Control
Computer

•New 5m antenna operation (1998-)

SONY
DIR-lOOOM

9





Toulouse, France

Seventh ESOWG Meeting, May 28-29, 1998

Chung-Li Station Report

A. J. Chen and L. C. Chen
NSC/NCU Satellite Remote Sensing Laboratory
Center for Space and Remote Sensing Research

National Central University
Chung-Li, Taiwan, R. 0. C.

I



(//www.csrsr.ncu.edu.tw)

I . Background:

1. Operating since June, 1993
Receivers for SPOT, ERS, Landsat and IRS-C
Station Coverage: Major Part of Western Asia Pacific

2. Standard Products:

--CCT, Film, CD-ROM media
--Bulk, Georefemced, Geo-coded products (Levels 1-10)

3. Special Product
--Geocoded
--Radiometric Corrected, including Terrain Incident Angle
--16 Bits Data Depth
--Mask of Layover and Shadow Areas

4. Catalogue and Browse Images on Web Site

5. One-Stop "Shopping"

--Data acquisition and processing
--User services
--Research and development
--Supporting facilities
--Total floor space: 8,000 m2
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11 • Data Reception

1.Acquired:

r-. ERS 1,2 Total

pass sec. pass sec.

CY1996 212 271,826 1,883 509,391

CY1997 66 414,639 1,476 570,904

2. Failure:

~

Operations System Others Total

pass sec. pass sec. pass sec. pass sec.

CY1996 5 1020 8 2,114 11 2,520 24 5,654

CY1997 2 330 20 6,509 12 3,562 34 10,401
*Others: Typhoon or No X-Band Downlink

3. Performance:

Operational Success Rate Data Loss Availability

CY1996 99.74% 0.65% 99.32%

CY1997 99.86% 1.19% 98.53%

* Success Rate = Acquired Pass/(Acquired + Operations failure) pass
* Data Loss = 1-Acquired sec/(Acquired + Operations failure + System
failure)sec
*Availability= Acquired pass/(Acquired +Operations failure+ System
failure)pass



Universities & Research Iustitutes: 9
Governmental Agencies: 1

Ill . Data Processing

Raw and Processed Scenes Archived

Processed

Raw Geoferenced Geocoded

CY1996 589 589 11

CY1997 556 556 33

IV. Data Distribution

1. Revenue( ordered)

Total ERS
CY1996 NT$2 l ,304,4 77 NT$403,600(3.24%)
CY1997 NT$39,439,956 NT$1,279, 100(4.33%)

Exchange rate: NT$/US$=30.0-33.0

2. Product Profile:

Product Type RAW PRI SLC GTC
CY

CY1996 1 38 1 0
CY1997 0 69 10 4

3. User Profiles:

----~ -------------------------



V. Application Highlights:

1. Kuroshio Front Detection

2. Coastal Line Detection

3. Sea Surface Wind Retrieval

4. Sea Bottom Topography and Current Retrieval

VI. Future Plan

1. Reception Upgrade:

SPOT 4, EROS, Radarsat, Landsat 7

2. System Upgrade:

Direct Acquisition and Archiving System, SPOT Terminal, UNIX,
Workstations.

3. Promotion:

- Solution provider
- General public



25 Total = 62 scenes 125
20

15

10

~ 5
·3

ol">.e ~.~9 .o Lo
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

ERS DATA ACQUISITION IN CY 1997

The 1"ESOWG Meeting, Toulouse, May 18-19, 1998 National Research Council of Thailand (NRCT)

ERS DATA DISTRIBUTION IN CY 1997

ONLY 4 SCENES* ARE SOLD VALUE US$ 3,560

*Excluding86 scenes processed to support Pis but no
report on this because NRCThas not yet received payment.

The 1'ESOWG Meeting, Toulouse, May 18-19, 1998 National Research Council of Thailand (NRCT)



PROBLEMS

FAILURE OF THE PROCESSOR HARDWARE
(ONYX), WAITING FOR REPARATION BY THE
COMPANY BASED IN SINGAPORE (BECAUSE
SERVICES BY ONYX IN THAILAND ARE NOT
AVAILABLE) AND THE BUDGET.

The 1hESOWG Meeting, Toulouse, May 28-29, 1998 National Research Council of Thailand (NRCT)



Centre for Remote Imaging,

Sensing and Processing (CRISP)

National University of Singapore

by

KWOH Leong Keong
CHNG Ngi Kun

e-mail : crsklk@leonis.nus.edu.sg

url: http://www.crisp.nus.edu.sg

7tfl ESOWG Meeting

Toulouse, France, May 18-19 1998

cm1 CRISP
\., Centrefor Remote Imaging, Sensing and Processing

'· ...,..•..

• Ground Station

• Data Acquisition

• Product Distribution

• Applications

• ERS Quicklook Mosaic

• Rice Monitoring

• Forest Fire Monitoring

• Oil Pollution Monitoring

1



I l.;~;,1CRISP
;~ Centrefor Remote Imaging, Sensing and Processing

Latitude: I~' 30" N
Longitude :103°
Height: 60 m

CRISP
Centrefor Remote Imaging, Sensing and Processing

Data Acquisition Facility:
• Diameter of 13m
• Reception of X-band signals

(8.00 - 8.45 GHz)
• G!f of 35 db/K
• 7° tilt third axis
• Two data channels
• Receivers for SPOT, ERS and

RADARSAT
•Two HDDRs

•SONY DIR IOOOM (up to
128Mbits/sec)

• Data Archive Media - D-1L
Cassettes

2



~CRISP
\~ Centre for Remote Imaging, Sensing and Processing
' . ----ms-, ::mz::a:== ;WW2

Data Processing Facility:
• Main Server

·one 4-CPU(R4400) SGI Challenge
• Workstations

<three SGI lndigo2 (R4400)
• I SGI Indy (R4600)
• I SGI Octane (R 10000)
• I SGJ 02 (R 5000)
•PCs

• Software -
• SPOT - Datron, USA
• ERS & RADARSAT - Spacetec,

Norway

I r.,,., CRISP
\~~ Centrefor Remote Imaging, Sensing and Processing

Processing Timings

ERS PRI on 4 CPU R4400 SOI Challenge

- 25 min

PRI on 1 CPU 175Mhz RI 0000 SOI Octane (lowest end
Octane)

- 28 min

(Price of Octane)1998 = (1/10 Price of 4 CPU Challenge)1994

Expect 4 CPU RIOOOSGI to process PRI in about 7 min

3



cm] CRISP
\~, Centre/or Remote Imaging, Sensing and Processing

Data Acquisition (1 Jan 97 to 31 Mar 98)

Number of Passes I
SPOT

I
ERS I RSAT

1265 299 I 383
Attempted
Satellite 19 (l.5%) 8 (2.7%) 19 (5.0%)
Failure
Station and 10(0.8%) I (0.3%) 4 (l.0%)
Operation Failure
Successful I 1236 I 290 360
Acquisition
Acquisition 99.2% 99.7% I 98.9%
Success Rate(*)
Acquisition Success Rate of 96.7% 98%
1996

(•) acquisition .\lKCI!.\·,,·rule exclmk.\· satellnefatlure

cm] CRISP
\~) Centrefor Remote Imaging, Sensing and Processing

'··....-/

CRISP's Archive (up to May 1998)

•SPOT 1,2,3

• ERS 1,2

• RADARSA T(*)

145,000 scenes

13,000 scenes

5,000 scenes
(RADARSAT scenes of duration depend on beammodes)

Quicklooks of SPOT, ERS and RADARSAT available in
CRISP's WWW -- http://www.crisp.nus.edu.sg

----

4



www .crisp.nus.ed u.sg

~:-- .••~,--~~cl-,;,,,,: •• '>•••••••.,•. ··'~
~~t;.~~~~~ -~~~~~-;~-~--~:~r-.-~T'•~~-•;~::~~.-.~=~~-·~-

,,',,~fllB±i;:--

c:rM CRISP
\~; Centrefor Remote Imaging, Sensing and Processing

CRISP WWW Hits (1 Jan 98 - 5 May 98)

oSPOT

•ERS
oRADARSAT

8%

Excluding access by NUS users

Average access 240 per day

762 registered users from 34 countries

5



I r,.~;,] CRISP
:.,~,. Centre/or Remote Imaging, Sensing and Processing

'9504 & 1996 1997& '9801

89%

cSPOT

• ERS
cRADARSAT

CRISP's Revenue from Data and Products
(Revenue '9504-1996) is one third .Revenue 1997- '98Q l)

1.r••~.1
'~·'\, :
·~ /

··~

CRISP
Centre/or Remote Imaging. Sensing and Processing

ERS Data Product Distribution
(Number of scenes)

User Code 1996 1997 I I998 Q1
I

Code C:-ESA Pl/PP, Cairipaigns etc 29 s4 I o
CodeX: NFS Commercial Sales 27 i 2
Code E: ERSC Distributor 35 2162

(Code X andCode E) 1997 1998 QI
RAW (Raw Annotated) 5
SLC (Single Look Complex) i 4 2
PRI (Precision Image) 35 16

6
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Mekong Delta: Rice Cropping Systems

Cropping Type Rice Seasons

Single Rainfed Mua

Double Rainfed DongXuan - He Thu

Double Irrigated He Thu-Mua

Triple Irrigated
Rainfed

DongXuan - He Thu -
Mua

Mekong Delta: ERS-2 Scenes

3. 1996/07/14
4. 1996/08/18
5. 1996/09/22
6. 1996/10/27

All images: Copyrigtu ESA, 1996; acquired and Processed by CRISP . .\'illl(t1pore 7. 1996/12/01
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Mekong Delta: Multitemporal SAR
Colour Composite Imase

R: Jul 14

G: Aug 18

B: Sep 22

R: Sep 22

G: Oct 27

B: Dec 1

R: May5, G: Jun 9, B: Jul 14

Backscatter Time Series (TCI Analysis)

(Rainfed Rice Cropping Systems)

Double crop (HT-M) in Bae Double crop (Late HT-M) in
Lieu, wDSR BaeLieu, dDSR

Single crop (M)

,----···-··-~i 1 ·~ .• .t B ~:
Ji l :! ~ ~ i: '.! ...

•?..
"13•• J .__ ,,-

t"
Double crop (HT-M) in Soc
Trang, dDSR

Double crop (HT-M) m Soc
Trang,possibly mixed with
other vegetation dasses

9



Mekong Delta: Classification of Rice Cropping systems

IISC(M)

IIShrimp-Rice (M)

D DC (Irr DX-HT)

IIDCmixed (Irr. & r.f.)

D DC (HT-M) BaeLieu

D DC (HT-M) Soc Trang

IIDC (HT-M) BaeLieu

IIDC (HT-M) Soc Trang

KALJMANTAN

,I
·,

i
""

1997 Plantation I
Forest Fire near
Banjarmasin,
Kalimantan

10



~CRISP
·.~ Centre for Remote Imaging, Sensing and Processing

Colour Composite Image with Interferometric Coherence, ERS I and LRS 2 Intensity data. Left image acquired in
April 1996. Right image acquired in October 1997. Large ve~<·lallonrkarings is clearl) visible between 1996 and
1997. Image is about IOOkmby IOOkm.

Ir,.~ CRISP
'·~. Centrefor Remote Imaging, Sensing and Processing

A Case of Oil Pollution

• A ship discharged oil in international waters
near Singapore in August 1996.

• Singapore government spent about SS I million to clean up
the affected beaches.

•An ERS image clearly shows the ship discharging a 5-km
long plume of oil.

• With the ERS image and other evidence. the culprits were
convicted in court and fined a total of S$ 1.25 million.

11



~CRISP
;~· Centre/or Remote Imaging, Sensing and Processing

Cracking an oily
case with some
help from above
THIS a.;i;lrllitr.photo~raph.
bitt•n lrum 71Slun •bo\'C lb~
L'arth, 1how1 an 011 Lilnk.cr
called the ::iuug S.il.11,an·
chored ouLa1dl!!SingaVorc
waten

And oil Rowin«frvm il
W1U1 t.Ul'h phO~U11Jr<1ph1.

the Mar1Llmc and .,on Au
U1oruy uf S1111(apun: 1t.tPAl
lhuu.:hl tut Au1uat th.al it
hild 11olved the mystery of
wtnd1 alnp had 1p1llcd lhc

"''mt!~~=.~~::;::.e~hth
.;a(fc(·tcd 10111( alrt'h:hc:ii uf
l:Mnl(apurt' s coa•t... 1nch1dm1it
!)ent.,....-a heachc•

Their dt'mals started u-e
MPA oU on a four-month
h1ih·tf'l'hnolugy t-ffnrl to
crack U1ec.ue

t-·1nL, 11Lwk lhl!! a.;itl'llitc
phutojlraµhJo of the 1p11lan-u
anti 1.howcdthem lo exvcru.

from I.heSon1 San
lnv•• ti1ator1 also used a

computer 1y1ten1. who""
aot\warc wa1 deveto~U
within tne Mt'A

Thll l}"llMl could aunu·
late lhc pith el oil 1bcU.
both b1ciw1rd1 1nd for
w1nls 1n Lime, 11ven wind
and au coodjbom

AJ.1U.e aliclla in quoa!Jun
weee traced back lOthe Soug
San.

Th«'cue endud ween tht:
ceuru meted out record
p«'nalue1 \u lbe guilt.~·
parue1 u.riier lhis month

Satellite
~i;rn;,..
oil-splll ship
from \'UIOUI parts or the
world for ca1~rt 1nalyai1

'rhese upert1 aa:reed
0111u wu the Song &an \hotl
had 1p1llodthe 011

Next. oil aa111plu (ram
tile w-••ter and from the 1h1p
were sent lo the Department
of Sc1f'nlif1<" Services for
analys1Jt.
'rceu aho\l'f'dthat the

!IOl.ITiplelimlltd1ecl. me~min~
th;,itthe 011did, in facl, canie

• Compul•r eleuth
treced oUaUckto Its
source: Page27

CRISP
Centre/or Remote Imaging, Se11si11gand Processing

Tanker Collision on 16 October 1997
•About 25,000 tonnes of oil spilled into the sea

-Clean-operation successfully carried out

• SPOT image acquired on 17 October I'197 but hampered by
prevailing forest fire haze

• ERS I and ERS 2 images acquired 011 21 and 22 October 1997

• RADA RSA T WI image acquired 011 26 October I1J97 showing
remnants of oil moving into the Malacca Straits

12
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~CRISP
··~. Centre/or Remote Imaging, Sensing and Processing

I

~

ERS I Image acquired 011 ~I Oct 1997
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Australian Centre for Remote Sensing

..·- ·,

Data received by ACRES

• SPOT• XS and Pan
• Landsat • TM
• ERS·SAR
• JERS• OPS and SAR
•NOAAAVHRR
•RADARSAT

Vexcel SARProcessing System
INGEST/EXPORT MODULE
Ingests data lrom HDDT/OTR

Create Level 0 Product
Write CEOS Tape

SAA PROCESSOR MODULE
Creates Level 1 products

INTERFEROMETRY MODULE
Produces OEMS 1rom 2 SLCs

(ERS Only)

OATHO MODULE
Creates Level 2 products

WGS84. AGD66

Role of ACRES
• to provide ti.mm)' access to a l'.m19§ of ~
remote sensing data products for Australia and
its region through:·

• direct reception
• catalogue & archive
• data processing
• distribution network

ACRESERSAcquisitions

1997 ERSProcessing
•ACRES produces RAW,SLCand PRI
products using the Vexcel system;

• Australian demand still modest • only 33
products delivered during 1997;



Planned ERSdevelopments

•Transcription of ERSSARarchive to
optical tape nearly complete;

• Considering options for incorporation of
meta-data and browse in digital
catalogue

• Further market development efforts in
concert with JERSand RADARSAT;

• Envisat support?

...aES
Other developments at ACRES

• Major upgrade of AliceSprings and
Hobart acquisition facilities in progress;

• RADARSATdownlink agreement signed •
"blue ribbon" certification imminent;

•ACRESprocessing centre moves to
AUSUGheadquarters building;

• ARIESprojed at critical point;
• http://-.auslig.gov.au

,_. ,_,.,__



ENVISAT SYSTEM PRESENTATION
PASCAL GIUES
'ESRIN - Remote Sensing Exploitation Department

11!'\esa ENVISATSYSTEM
~ 1111!1!:1:1::::+.'llHll!l!:•UID

ESRIN
RS Explow.tlon Depettment
EO Projects & EnglMerlng Division

Content
+ System Overview

+ Ground Segment Overview ( Including Data AcqulsHlon Scenarll)

+ The PDS Architecture

+ Products

+ User Services

+ Operation Concept and Data Polley

.\esa ENVISAT SYSTEM
!1!11!!:n::: '+.'<IIUllE:• ::o

System Overview

ESRIN
RS Explobtlon Depettment
EO Projects & EnglMerlng Division
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ENVISAT SYSTEM PRESENTATION
PASCAL GILLES
ESRIN - Remote Sensing Exploitation Department

ESRIN
RS EJtplottatlOn O.,,.rtment
EO Projects & Engl,..rlng Division

\esa ENVISATSYSTEM
111!1!11:H :: C 'R 111~·II !I!:• mD

Envlsat

·cs··~\ ENVISAT SYSTEM
. ~ esall!l!ll:u:::'Rllltll!l!:•=o

ESRIN
RS ExplottatlOn O.,,.rtment
EO Projects & Engl,..rlng Division

Satelllte Configuration
Dl,,,.ns/ons:

Lllunchconftgura11on:length10.5m
envelopedi.meter 4.57m

ln-<>rbltConftguratlon:26mx 10mx 5m

"-••:Totalatelllte 8140Kg
(lnduelng 319Kghydrazine)

Pllyloed 20150Kg

Soi.r Ar,.y po-r: 6.5kW (EOL)

AllfH'll~Pow•rd•mand: 8un Ecllpe•
(wana) (wana)

Pllyloed 1700 17llO
S.telllte 3275 2870

uunch whlcle: Amine5 (alnglelaundt)

EGSOM Meeting, 20 May I998 Page2



ENVISAT SYSTEM PRESENTATION
PASCAL GIUE:S
ESRIN - Remote Sensing Exploitation Department

ESRIN
RS Explolmtlon Oep.ttm.nt
EOPl'Ojects " Engl,..rtng DIVlslon

\esa ENVISAT SYSTEM
~ """: 1:1:: : 'l"11U II !I!: • Ill D

Payload Composition
+ ESA Developed Instruments (EDl's)

• • MERIS Medium Resolution Imaging Spectrometer
• • MIPAS Michelson Interferometric hsslve Atmospheric

Sounder
Advanced Synthetic Aperture Radar
Global Ozone Monitoring by Occultatlon of Stws

• ·ASAR
• • GOMOS
• • RA2 Radar Altlmeter 2
• • MWR Microwave Radiometer
• • LRR Laser Retro Reflector

+ Announcement of Opportunity Instruments (AOl's)
• • SCIAMACHV Scanning Imaging Absorption spectrometer for

Atmospheric Chlll'tography

• • AATSR
• ·DORIS

Advanced Along Track Scanning Radiometer
Doppler Ort>ltography and Radloposltlontng
Integrated by Satellite

ESRIN
RSElrplollatlon Oep.ttm.nt
EO Projects & Engl,..rtng Dhllslon

,.,;~\esa ENVISAT SYSTEM
~ !l!!l!:n:::'611u11m=•=o

Envlsat Orbit
+ Direct Injection of the satellite by the ARIANE 5 launcher on the

selected Sun Synchronous orbit

+ Selected reference orbit:
• mean altltude of 799.79 km,
• 1411/35 orbits per day
• repeat cycle of 35 days (501orbits).
• 10:00 a.m. mean locel aolar time at the descending node
• ground track maintained within :1:1km from nominal ( same orbit ground track as

currently flown by ERS-1and ERS-2)

EGSOMMeeting, 20 May 1998 Page3



ENVISAT SYSTEM PRESENTATION
PASCAL GILi.ES
ESRIN - Remote Sensing Exploitation Department

ESRIN
RSExploltatlon Oepiattment
EOProjects & Engl,,..rlng DIVlslon

Envlsat System Major Elements
+ THE SATELLITE

• PLATFORM (PPF)
* Providing all basic satellite services, including payload accommodation and support

functions.
• PAYLOAD

* The EDls and AOls complement.

+ THE GROUND SEGMENT
• FLIGHT OPERATIONS SEGMENT (FOS)

* composed of the Flight Operations Control Centre (FOCC) located at ESOC and the
associated command and control stations.

• PAYLOAD DATA SEGMENT (PDS)
* ensl6ing the payload data acquisition, processing, archiving and all user interfaces

and services

G\ ENVISAT SYSTEM...-esa =n==='R•••t•••=•=u
ESRIN
RSExpl-n Oepiattment
EOPro/KfS & EnglnNrlng Division

Overall System Architecture

~ X Band Dai. Unk

--.. Ka Band Data Unk

~ S Band Direct TTC Unk

Note: The S mnd llnk viii ARTEMISlwa bHn deleted

EGSOM Meeting, 20 May 1998 Page4



ENVISAT SYSTEM PRESENTATION
PASCAL GILLES
ESRIN - Remote Sensing Exploitation Department

~esa.=·=·==~~1~~~.~:s:~.0ESR/N
RS EJCplollatlonDepartment
EO Projects 6 Engliwerlng Division

Global Mission Scenario
+ The Global Mission operation Includes all ENVISAT-1 Instruments

which have global coverage objectives and Implies:.
• continuous operation of the low rate Instrument eround the orbit ( For MERIS, Sun

Illumination constn1lnts limit the ObServatlon to llbout 43.5 minutes per orbit);
• on bolll'd recording of ell Instrument det•;
• d••• recorder pleybeck et least once per orbit to ensure avellllblllty of FD products

within less than 3 hours from observetlon;
• systemetlc processing of •II ec:qulred date

+ The global mission strategy will be defined In the High Level Operation
Plan (HLOP) approved by the programme participants.

+ The corresponding detailed operation requirements for the FOS and
PDS are defined In the Reference Operation Plan (ROP).

ESR/N
RS EJCplon.tlon Department
EO Pro/flCtS6 Engliwerlng Division

~esa ENVISAT SYSTEM
l'"". !IJlll!:n:::+.,i11u11s:m::u

Regional Mission Scenario
+ The Reglonal Mission Includes:

• the ASAR High Reta operations In wide sweth mode and narrow swath modes
• the MERIS Full Resolution (FR) mode

+ Data rates Implies real time transmission or recording on SSR
+ Data acquisition will be based on user requests plus a background

operation scenario.
+ Strategy for handling user request will be based on the approved Data

Polley and will be defined In HLOP; the result being Implemented via
detailed ROP rules.

+ Data processing to high resolution product performed on user
request.

+ Data recovery assumes combined use of:
• ESA X band stations;
• Ka-band link via ARTEMIS;
• X-band National and Foreign stations having an agreement with ESA.

Simultaneous operation of Ka and X band channels wlll be possible

EGSOM Meeting, 20May1998 Page5



ENV/SAT SYSTEM PRESENTATION
PASCAL GIUES
ESRIN - Remote Sensing Exploitation Department

I#'::,..,esa ENVISAT SYSTEM
~ 11!1!11:1:1:: :::::'E 111 l I I !I!! : 8 Ill D

ESRIN
RS Exploltatlon O.,,.ttment
EO PfO/eetS A Engineering DIVl51on

Data Products
+ ESA PRODUCT LIST

• A complete llst of ESA products has been defined with type of processing (
Systematic or On Request), dissemination, time delivery, centre or station providing
the service es well es algorithm development scheme. This list ensures coherency
between Near real time end Offllne products.

• This list was approved ea perl of the ENVISAT-1 Ground Segment Concept.
• Slight corrections have been made, due to Improved knowledge during the detailed

definition phase
• lnvolvlng: Expert Support Laboratories (ESLs), Supporting Industries end the

Scientific Advisory Groups.

+ PRODUCT LEVEL DEFINITION
• Rew Data es received from the setelllte ( serlal data stream, no demultlplex)
• Level O reformatted, time ordered ( no overlap) satelllte data, computer

compatlble format
• Level 1b geoloceted engineering calibrated product (Neer Real Time end Offllne)
• Level 2 geolOCllted geophyslcal product (Neer Real Time and Offllne

\esa ENVISAT SYSTEM._.,
!1!1!11:1:1:::: +"'II HllE:•mD

ESRIN
RS Exploltatlon 0.,,.ttment
EO PfO/eetS A Engineering DIVl51on

Ground Segment Overview
( including Data Acquisition Scenario)

EGSOM Meeting, 20 May 1998 Page6



ENVISAT SYSTEM PRESENI'ATION
PASCAL GILLES
ESRIN - Remote Sensing Exploitation Department

I

~

ESRIN
RS Exploltlltlon O.,..ttm•nt
EO Profects A Engineering Division

The Envlsat Ground Segment
....,_,...
•ACZIE(JlllDll'

d?!1esa ENVISAT SYSTEM
~ ll!l!l!:H:::'f.OllllUl!l!:•mD

ESRIN
RS Exploltlltlon 0.,..ttm•nt
EO Projects A Engineering Division

Flight Operations Segment (FOS)
+ The FOS shall provide control of the satellite through all mission

phases.

+ The Right Operation and Control Centre (FOCC) shall control all FOS
operations:
• Satelllte operation plannlng based upon the observation plans prepared at the

PDCC.
• Mission plannlng Interface with ARTEMIS
• Command Ir control Of the Satelllte, up-loadlng satelllte operation schedules on a

dally basis, via the reference TT&C station Of Klruna -Salml)arvl

+ The FOCC shall also support:
• satelllte configuration and performance monitoring
• aottware maintenance for PPF and payload elements
• orbit prediction, orbit restitution and orbit maintenance.

EGSOM Meeting, 20May1998 Page 7



ENVISAT SYSTEM PRESENTATION
PASCAL GIUES
ESRIN - Remote Sensing Exploitation Department

ESRIN
RS Explotmtlon o.p.nment
EO Projects 4 Engineering Division

\esa ENVISAT SYSTEM
"""':1:1::::r.11u11•=••0

Payload Data Segment (PDS)
+ The PDS shall provide:

• all Interfaces to the users from order handllng to product delivery
• all payload data acquisition for the global mlsSlon
• all reglonal data acquisition performed by ESA stations
• processing and delivery of all ESA Fast delivery products
• data archiving, processing and dellvery of all ESA offllne products with the support

of Processing and Archiving Centres (PACs)
• Interfacing to all natlonal and foreign stations acquiring regional data

+ All PDS centres and stations shall be coordinated by the Payload
Data Control Centre (PDCC)

+ located at Frascati.

+ The PDCC shall ensure all mission planning Interfaces with the FOCC.

ESRIN
RS Explon.tlon o.p.nment
EO Projects 4 Engineering Division

·~esa ENVISAT SYSTEM
.,,,.. 11!1!1! = IH:: : 'RII U II ti!=• ::IU

Global Mission Data Recovery (1)
+ Nominal scenario based on Klruna X- Band and ESRIN UET for

ARTEMIS Ka- link
• share of workload foreseen between the two PDHS: 7 consecutive orbits per day In

each station

+ Temporary unavallabillty of ARTEMIS, back up scenario Is:
• 8 to 1oorbits per day acquired at Klruna,
• the remaining orbits being recorded on board using the 3 tape recorders and the

Solld State Recorder (SSR) In cascade, the corresponding data being acquired by
deferred dumped the followlng day over Fuclno PDAS station.

• 100% of the Global Mission data can be recorded and dumped to the ESA stations;
the products of the 4 to 5 deferred dump orbits wlll not available In NRT.

EGSOM Meeting, 20May1998 Page8
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I

~

··'esa ENVISATSYSTEM
1111.'!:1:1::: '¥'11U11!1!:8 lllD

ESRIN
RSExplollatlon o.p.rtment
EOP~ & Eng/Mering Division

Global Mission Data Recovery (2)
+ Permanent Unavailability of ARTEMIS:

• a high latitude station Is needed to complement Klruna (Norway Is setting up a
station In Svalbard)

• tape dumps would be posslble on fNery orbH
• the station would be equipped wHh the LBR processing part taken from the ESRIN

PDHS
• the acqulsHlon and processing workload would be shared between the two

statlons(Klruna-Svalbarcl}
• nomlnal NRT processing and dissemination, wHhln 3 hours from data take, would

be ensured as In the nominal scenario.

ESRIN
RSExplD/mtlon o.p.rtment
EOP~ & Eng/Mering Division

\esa ENVISAT SYSTEM
•=H::: 'f':'llIUlte:m ::o

Regional Mission Data Recovery
+ Nominal scenario

• under European coverage via X- band llnks acquired at Klruna and Fuclno;
• outside Europe, acqulsHlon via ARTEMIS and ESRIN UET, provided ENVISAT·1 Is

wHhln ARTEMIS coverage;
• use of the SSR for recording data outside ESA station coverage (ARTEMIS or ESA X

band stations);
• X· band reception by national and foreign stations having signed an agreement wHh

ESA.
Note: simultaneous transmission over X and Ka band Is possible

+ No ARTEMIS llnk
• use of the SSR for any acqulsHlon which cannot be performed under X band station

coverage
• ( SSR capacity of 70 Gblts allows 12 minutes of ASAR or 60 minutes of MERIS FR,

SSR
• capacity to be shared between the 2 regional Instruments and potentlally the global

mission)

EGSOM Meeting, 20 May 1998 Page9
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~\ esa ENVISAT SYSTEM
~ lll,l!l!:l:l::::'EllUll!l!:•mD

ESRIN
RSExploltatlon 0.,.rtment
EOPro}«:ts & Engl,..rlng Division

ENVISAT-1 on Board Data System
High 111teRT 100 Mllpe

100Mbpe

;I, . A 50 M>pe

MERISFR
24 M>pe

LR DATA
(Includes

::: :=:,---+l''''~T""'~?:~mm~===:=:1~1.'l'.:l,.,.,~~~:J , •••••• ,

3 ...,.,,dera, 30 Obhs cepeclty per recorder ( Independent opendlon or the 3 rec•••dera)
1 Solld Sta• Memory, 70 Obits BOL, dynamic memory perUUonlng In 3 •••••••••• per Input dllta streem,
...cording ol up to two Inputs almullllneoualy:Low RlllB and Medium FllllB ••• ASAR HR
All TX chennels QPSK modulated (e.g. 2 dlll8 •-ma, I • Q, 50 M>ps each)
(When Medium lllta RT only ope111Uon,then _,.,.,....., In BPSK or I dllta - at 50 Mbpe)

• TX chennel redundllncv: 2+1 OC • Ka Channels can be Olllllllled stmul18neOUlll

\esa ENVISAT SYSTEM
!l!I!!!= ll:I:::: 'E' II U II !II!=•mD

ESRIN
RSExplolhltlon Department
EOProjeetS & Engl,..rlng Division

Ground Segment Architecture (NRT)

PDHS: Pllyload Dala H11ndllng Station
f'UCINO flDAScx _...,.....1onon1y..._..,

EGSOM Meeting, 20 May 1998
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-~esa ENVISAT SYSTEM
::or ll!l!l!:1:1::::r11u11E:•mo

ESRIN
RS Explon.tlon a.,Mrtment
EO Projects A Engt.-rlng Dtvlslon

Near Real Time Services

+ Typically 3 hours from sensing for data used in forecasting or tactical
operations,
( global and regional products produced and distributed systematlcally)

+ Typically one to three days from sensing for applications requiring
high resolution Images(agriculture, forestry, soil moisture, etc •..) with
production and delivery to users on request.
Note: all regional data (ASAR HR and MERIS FR) acquired at the two PDHSs are

systematically processed In NRT as medium resolution stripes (150 m resolutlon
for ASAR and 1200 m resolution fOr MERIS.

~\ esa ENVISAT SYSTEM
~- !l!l!l!:H:::'f':o!llHllE:•=u

ESRIN
RS EXplotmtlon a.,Mrtment
EO Projects A Engt.-rtng Dtvlston
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p..\esa ENVISATSYSTEM~
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ESRIN
RSExploltatlon Depat1ment
EOProjects .S Engl.-rlng Division

Off-llne Services
+ Continuity of services from Near Real Time to Off-line :

• delivery a few days to weeks from data take;

• product commonalHles (same fonnat, same processing algorHhms whenever
posslble);

• Off-llne products wlll benefH from a posteriori knowledge of callbratlon, auxlllary
data and precise orbit.

ESRIN
RSExplo#MtlonDepartment
EOProjects .s Engl.-rtng Division

..\esa ENVISATSYSTEM·~
~- !l!l!I!:U :: : 'B111i11E:• ::D

+ ASAR HR

PAC Assignments
to be shared between UK-PAC, D-PAC and I-PAC

+ MERIS FR to be shared between UK-PAC, I-PAC and
Maspalomas station

+ ALTIMETRY located at F-PAC

+ ATMOSPHERE
CHEMISTRY

located at D-PAC
(with FIN-CoPAC for GOMOS processing)

located at UK-PAC+ AATSR

+ MERIS LR global located at 5-PAC (Kiruna-Salml]lrvi)

LBR Level 1B consolldatlon located at Klruna, at ESA Low rate archiving Centre
(LRAC)
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ESRIN
RSE:xplotmtlono.p.mn.nt
EOPfO/«:tS & Engt.-rlng Division

~esa ENVISAT SYSTEM
11!1!11:1:1:::::: """" u11E:•mn

om1ne
Product Olsll1bUUon

NellrRealTime
Product Olsl11bUUon64 Kb/s

ESRIN
RSE:xplotmtlono.p.mn.nt
EOPro/«tS & Eng/Mering Division

;esa ENVISAT SYSTEM
..- .- IJl!l!l!:H::: 'f":-111IHl!E:• ::u

ENVl•:tir......k ENVISAT High Rate Data Flow

. !1~ --~-- :~:::==:;-!lt ~-i=t, ~ l L......................................•
i ··············································~
•••

Ill.--- om1ne
Product DlslrlbUUon

2 Mb/s

Near Realnme
Product Olsll1bUUon64 Kb/s
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~-\esa ENVISAT SYSTEM
··~ 11.1.11:1:1:::rllUll!!l!!:•mD

ESRIN
RS Explollatlon DepllrtrNnt
EO Projects & EngltMerlng DIV/slon

PDS ARCHITECTURE

ESRIN
RS Elcplolllltlon O.,,.rrm.nt
EO Profects & EngltMerlng DIV/slon

PDS Main Functions

•lft..

The PDS is the User's window to the ENVISAT 1mission
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\esa ENVISAT SYSTEM
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PDS System Functions
SYSTEM FUNCTIONS•

LRAC

-·-__ ....
PDHS I •••.••,,.-·

The POS Is a large Dec:enlrallMdlnlarmatlon 8yllletn
lnclapetldlmt fUnclOIWarwprovided by the c.nlraa
Slmllar functlOIW- provided by clltl8renlCen-

~esa ENVISATSYSTEM
~· !l!l!l!:H::::'f:"llllfllE:•:=D

ESRIN
RS Explo/tatlon o.p.ttment
EO Pf'O/eetS& Englrwer/ng Division

PDS Modular Design
• Facilities are elementary Bricks

• Design modularlty
• Overall consistency

• Facilities don't overlap
• Cost optimisation
• Independent development
• Easler Integration
• No sharing resources

• Definition of Facllltles Is
Technology driven
• Focus on developer sklll

• Maximum use of Components of
the Sheff (COTS)
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The PDS Facllltles

Af: >~IO:freqLJircy
f1EP.;·H111'\·.-001te·tlf.e.Rl,P'OOHS1f'$
1INta ;.Pr••.Pc.19a:ening
JIF.AMR :AlgolmmJ. ftl'OCMSCR
,.....:AlgoMlm&.Pl'omsscn.
Jll4..BR:·-Aigom~

• PDS Archlwctu1111dealgn •• u.n•• both PDS •ncl PAC.. NS-Eneed• (Generic Elements)
+ Archltec:tu111Icholcn m•ed on almpllclty of lnterfllcn, ftexlblllly•nd expandmblllly
+ o•.•ninte •• cost emclency Indevelopment •nd openitlon

~esa ENVISAT SYSTEM
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ESRIN
RS ExploltMlon Depanm""'
EO Projects & Engl,..rtng DIVlslon

PDS Network

EGSOM Meeting, 20 May 1998 Page 16



ENVISAT SYSTEM PRESENTATION
PASCAL GILLES
ESRIN - Remote Sensing Exploitation Department

ESRIN
RS Elfplon.t/on Del»ttment
EO Pro}«ts A Engl,..rlrtg DIV/s/on

\esa ENVISAT SYSTEM
1111.'!:H:::: 'Rll Hll!l!:•llJD

PAC & NS-E Interfaces with ESA PDS centres
+ Standard Interfaces wHh

ESA Centres :

• for user co-ordination :
orders, Inventories,
directories, guides.

• tor products generation :
products flows.

• for supervision and l_.111.
communications : plans, ~J
reports.

t§§-:.:.;;:&.j rn.ci,..SiDD
~ U•ID"Crda.X.
- - - Mcmill:riaslDdcumtoL..........

ESRIN
RS EJfploltatlon Del»ttment
EO Projects A Engl,..r/rtg DIV/slon

..\esa ENVISAT SYSTEM
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PRODUCTS
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Esa Product Approach
+ PRODUCT LEVEL DEFINITION:

• Raw Data as received trom the satelllte (serial data stream, no demultlplex)
• Level 0 reformatted, time ordered (no overlap) satelllte data, computer

compatible format
• Level 1b geotocated engineering calibrated product:

Unconsolidated when produced In Near Real Time, Intermediate step In
NRT processing and used for Instrument performance monitoring;
Consolidated offllne (time ordered, no overlap nor data gap, fully
validated); basis for any further offllne processing.

• Level 2 geolocated geophysical product.

+ ESA PRODUCT LIST
• A complete llst of ESA products has been defined with type of processing (

Systematic or On Request), dissemination, time dellvery, centre or station providing
the service.

ESRIN
RSExplon.tton Depllrtm.nt
EOProjectS 4 Engl,..rlng Division

\esa ENVISATSYSTEM
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Algorithm Development I Validation
+ According to our defined strategy, clear distinction has been made

between:
• The algorlthm developmentlvalldatlon activities performed by the ESLs and some

supporting Industries ;
• The algortthm lmplementatlon activities to be performed within the PDS contract for

the PDS operatlonal processors.

+ The PDS contractor shall Implement the algorithms to be provided by
ESA as CFls (Customer Furnished Items, Including Test data) In the
form of detalled algorithm specifications for all products, except
ASAR Image products.

+ ESA ensures that the phasing of the algorithm development activities
Is compatible with the PDS development contract.
Note: For ASAR Image products, due to the maturity and knowledge of the algorlthms

In Industry, ESA has produced the detalled specification and the PDS subcontractor
for the ASAR processor (MDA) Is dlrectly developlng the ASAR processor and the
test data

EGSOM Meeting, 20 May 1998 Page 18
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Product Definition Guidelines
+ The list of products with corresponding objectives and content,

summarised as one page per product, Is provided In the

ENVISAT-1 Product DeflnHlon Guidelines, PO-TN-ESA-GS-002321 Issue 3.1

+ The product evolution, since approval of the ENVISAT·1 Ground
Concept approval, reflects:
• • the need to Identify preclsely products ecc:ordlng to Instrument modes;
• • the need 10differentiate between complete level 2 products and smaller subsets

to be disseminated to operational lnstnutes In New Real Time;

+ The product list, Its content and evolution, has been regularly
presented and reviewed Instrument per Instrument with the
corresponding SAGs.

ESRIN
RS Exploitation 0.,.rtment
EO ProJet:ts & Englr»erlng Division

.,.\esa ENVISAT SYSTEM

.... •=n===~11u11•=•=0

Products List

PR~DUCTTREESTRUCTURE

-
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Rawdata-

Daml'I

Usera&ei

Production Performances

~m~#(.4.~~ffll.11#~'~•9'¥~~;-~#'~~~~Ji'ltita._.•tse>
'M'l>PIJ@cltin~~t·1'J.~i /•"·····. . .

E\esa ENVISAT SYSTEMW'
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ESRIN
RS Explobtlon 0.,.rtment
EO Projects & Englt»erlng Division

Products Repartition per Instruments

7 6 6

12 26

EDORIS []ASAR

•MERIS mlSCIAMACHY

•GOMOS •RA2/MWR

•AATSR CJMIPAS
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Volume of products stored In the PDS
120
100
80
60
40
20
0

F
PAC

LFl&.C~PAC E
PAC

S
PAC

D
PAC

U<
PAC &Asar HR

~\ esa ENVISAT SYSTEM
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ESRIN
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Product Format
GENERAL PRINCIPLES GENERIC PRODUCT FORMAT
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Data Product Format
+ 1 Product => 1 File

• MPH
• SPH

Mein Product Header
Specific product header

+ Data Sets:

Summery Quality Auxlllery Date Set
l.ocllllsetlon Auxiliary Date Set
Meea1rement Date Sel(s) es many es necessary
Auxlllery Date Sel(s) es many es necessery
Global euxlllery date Set(s), tor euxlllery date not tlmely related
to the MDS record time entries

All Date sets se fllled with Date Set Records (DSR), each DSR stanswith • time entry;
the time entry permits corTeletlon between ell Date Sets et record level end permits
aJbsel extrectlon es defined herellfter. The GADS Is en exception to this rule.

• SQADS
• LADS
• MDS
• ADS
• GADS

~-\esa ENVISAT SYSTEM·w
•= u ::::::>Hllu1ue=• :=o

ESRIN
RSExplon.tlon o.,,.nm.nt
EOProjects & EnglnHrtng Division
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Product Generationand Extraction

Time
along
trllCk

Pllrent Product

I I
• Chlld Product

r
I I..

Strip Product
(ASAR medium reaolutlon, MERIS reduced Re•olutlon, etc. ••)

Scenes

''~
/~

/
/
Segment

~\esa ENVISATSYSTEM
~· !l!l'll=H:::'HllHll!E=•=D

ESRIN
RS Exploltatlon 0.,.rtment
EO Projects & Engl,,..r/ng DIV/slon

Product delivery to Users

Data Sets

••
Time window

Parent Product Child Product
Flexible Product generation and extraction
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Meris Full Resolution on Request Images

'JB7 x 'JB7 Km

Via the User Service faclllty, the UMra
wtll be oftered the mpmblllty to •lect
lhll poeltlon of the raqueated Image
anywi. •.•within ti. ._1h.

Orders wlll be accepi.d for bo1h

all'Mdy acquired data
or

575x575Km

data to be acquired.

For data al•.••dy acquired, the •lectlon
wlll be aupponed by the Bro- lmag••
dlaplllyed on the u.r screen.The uaer
wtll then - the quallty of the Image
before ordertng (cloud cover, etc•••).

1150Km
MERIS SWATH

;;esa ENVISAT SYSTEM
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ESRIN
RSExplon.tlon O.,.rlmflnt
EOProjects A Engt.-rtng Dtvlslon
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Strlpllne Products

+ Stripllne Products are generated along a complete segment or an
orbit;

+ Geometric and radiometric continuity are ensured along the complete
segment or orbit;

+ Scenes located anywhere wHhln a stripllne can be ordered, extracted
and distributed via the PDS User Services.

ESRIN
RS Explolf8tlon O.,.rtment
EOP~ 6 Engl,..rtng Division

Chlld Product Concept
+ The complete product Is called Parent Product.

+ A user can request a subset, "Child Product", to be extracted from the
Parent Product.

+ Extraction Is possible by specifying:
• Time wtndow
• Geographic zone (search using the LADS wHh the help of the PDS Inventory,

lncludlng llmb lnstn.iments, whleh are geolocated using the observation tangent
point)

• data subset:
* Bands (for MERIS and AATSR)
* Species (atmosphericinstruments)
* Star names (GOMOS)
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;::;;;;~li•• mechanism
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Concatenation of sllces by PFHS
Slat .. $1~f ··sf~3<

!f1!i.llE:i1~I
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No Concatenation of slices

ESRIN
RS Exploitation Depertment
EO PfO/eefS cl Eng/Mering Division

\esa ENVISATSYSTEM
~=n:::;p11u11m=•=u

AUXILIARY DATA
+ Orbit Data, selection between:

• • FOSpredictedorbit for NRT
• • DORISnavigator for NRT
• • FOSrestltutedorbit for OFL
• • DORISprellmlnaryorbit for OFL
• • DORISpreciseorbit for OFL

+ Time correlation : Satellite On Board Time versus UTC;
+ Instrument Characterisation and Calibration Data;
+ Algorithm Configuration & Model Parameter Tables;
+ Meleo Products from prediction (NRn or analysis (OFL) provided by

ECMWF at 6 hours Interval.

NRT: Near Real Time product
OFL : Off·Lln• product
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Interfaces for auxlllary data

Near-line
&

Off-line data•Formatted&

On-line data Auxiliary data

ESRIN
RS Explollatlon o.p.rtment
EO PfO/«:tS & Engl,_rlng DlvlSlon
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Auxlllary Data Clrculatlon

xcccc-xc.x
-.~~\"-.'="<N~~~

.. ' ...'" ..~......•...<.\················-Off.line&.•Oo4ine··•
.AtiXPita•••• <••••••••••••••>·······
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PDHS auxlllary data Internal flow

ESR/N
RS Elcplon.tlon o.p.nm.nt
EO Projects & EnglMerlng Division
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Product Cycle
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Product Flow

ESRIN
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Quality within the PDS
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Product Quality
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User Services
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User Services (1)
+ The User Services wlll be accessible via INTERNET.

+ Wherever the user enters the PDS, any station or centre offering ESA
services, he wlll have access to:
• • unified user Interface ( ell st•llons end centres wlll be equipped wHh • stllndent

Ueer Service fllclllty);
• • unHlect seen::h mechanism to find ell evelleble products end to onter them,

wHhout the need to know where the dstll •• physlcelly stored, ell stetlons end
centres being llnked by • PDS lnternel network,

• on-llne browse, for ell lmeglng Instruments, end posslbllHy to obtain direct on-llne
delivery of emell products.

• • unified onterlng lntertece, the ont• being processed eutometlcally by the
epproprlete centre or stallon ( onterlng of products requiring specific data
acquisition wlll be routed automatlcelly to the PDCC).

• Help Desk end Order Desk et the PDCC.

ESR/N
RS Explaa.tlon Department
EOProjects Ir Engl,..rtng Division

..\esa ENVISAT SYSTEM
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User Services (2)
+ All PDS products wlll strictly adhere to ENVISAT·1 PDS Standard

formats (Identical product formats for Near real time or Offllne) and
standard quality by use of the PDS Generic Processors.

+ Software tools wlll be made available for opening the products.

+ Product delivery wlll be made via satellite llnks ( malnly NRT service),
ground network when throughput Is compatlble wHh product size and
Offllne product delivery on standard physical media.
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Access Principles: User Registration
+ The Envlsat-1 User Services are grouped In two categories:

• mvelleble to unregistered (anonymous) usws
• mvellable upon registration

+ Any user can In prlnclple 'register' to any USF upon authorisation of
the Envlsat Mission Manager. No fee Is required at registration.

+ At registration the user Is assigned to a user-class by allocation of a
user-Id.

+ The user-class defines the domain of orders for future products
• there wlll be several user classes wHhln category 1 use
• the need for several user classes within category 2 use la TBC

+ A user can have several user-Id, therefore can belong to several user
classes.

ESRIN
RS Explollatlono.p.mnent
EOProjectS& EnglnNrlng O/v/5/on
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The Services
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Service Features
+ Inventory Search

• subscription
• zone mapping
• Interferometry
• conjunction (ASAR WS & MERIS FR)

+ On-line Browse
• all Imaging Instruments

+ Product Order
• on-llne dellvery of small products via ftp server
• user orders monitoring via follow-ups generated et each step of the production
• user order management: verHy/modlfy/cancel

+ Appllcatlon-to-appllcatlon access
• use WWW acrlpts

ESR/N
RS Explolfatlon DepilrtrMnt
EO Projects & Englr.erlng Division

The products

The user can:
IN!rlltUMl!NTS MISSION PLANNED RV ORDl!RFOR ORDl!RFOR • order lull product or a part of a

ARCIDVl!D FUfURI! product of interest.
PRODUCTS PRODUCTS • request repetitive

DORIS (outstanding) order.

I llA·2,MWlt • request over past and fut11e.

I Any USF:
AATSlt •can query any INV.ISCHIAMACBY Order for • has access to the planned

I Archived ysl-lclllly instrument activities: POP.
GOMOS product, genentacl • warns the user in case ofI •uxlllary 111118
MIPAS or produc:lll or conflict (RM orders)

I Chlld for-- • proposes alternatives to theMEJllSRR or

I IIII a-. user (RM orders).
ASAR LR • checks the order before

I ASAR BR g)I sending it to lhe planning entity.

I MEJllSFlt I
RM • Reg10nal MisslOn
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Products search

~aon .ir.tegy :
Ae-V18111ng

lnt-ometry
Con)Uncllon

~

lni-t ...., ~

(S-rch lor future
and/or archlvad

products)

•••••••• ~ p11rametwa
~ ""- •....•

L • ~ i • ,,.,,,___ , .......,__,
1~1
[,.=_ i

ESRIN
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Product Order

ShoppingCert
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Product Ordering
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System Operation Concept
and

Data Policy
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System Operation Concept Overview

Envlsat Pl'Oeramm• Proposal ··
<>···•··<• & /
0ec1an111on.11111>1em8ntlno··Ru1es

Payload Data Segment
( lncludlng PACs)

PDS

Fllght
Opendlon Segment

FOS

II'::\esa ENVISAT SYSTEM
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ESRIN
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System operation Concept (ROP)
+ Overall Mission Management under responsibility of the Envlsat-1

Mission Management (EMM)

+ The EMM Implements the operation strategy via the ROP (Reference
Operation Plan)

+ The ROP Is the detailed Implementation of the HLOP (High Level
Operation Plan) Including:
• for the Global Mission, the openitlon of the satelllte llnks, tape recorder data

recovery, data acquisition, processing and systematic dissemination;
• for the Reglonal Mission, the procedures tor handllng user requests and the

detalled definition of the Background Reglonal Mission according to the HLOP
defined guldellnes.

EGSOM Meeting, 20 May 1998 Page 38



ENVISAT SYSTEM PRESENTATION
PASCAL GIUES
ESRIN - Remote Sensing Exploitation Department

ESRIN
RS Explon.tlon 0.,..mnent
ED Projects & Englr.erlng Division

\esa ENVISATSYSTEM
1111!1.: 1:1:: ::::::+"II U 11!I! : • Ill D

System operation Concept (Regional Mission)
+ The Regional Mission Is planned by the PDCC, registering and

handling the user requests, merging them with the Background
Regional Mission according to ROP procedures, building up the
Preferred Exploitation Plan (PEP).

f
+ The PEP.is submitted to the FOCC which answers with the Detailed

Mission Operation Plan (DMOP), Including the Global and Regional
Mission, describing the detailed satellite operation sequence.

+ The PDCC plans the acquisition and NRT processing accordingly.

ESRIN
RSEXplon.tlon O.,..mn.nt
ED Projects & EnglfMerlng Division

.\esa ENVISATSYSTEM
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categories of Use
+ Category 1

• - Research•nd •ppllcatlons developmentsupporting the missionobjectives.
This includes in particular:

* -ESA internal use for calibration , validation and Quality assurance
* -Research on long term issues of Earth System Sciences
* -Research in preparation for Mure operational use

+ Category2
• - All other users not falling Into category1 , Includingoperationaland

commercial use.
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Distribution
• ESAretains overall policy and programmatic responsibility for

distribution of data for category 1 use andwlll be the direct provider of
the associated services from Its own facllltles.

• ESAwlll delegate to distributing entities the responsibility for the
marketing and distribution of Envlsat products and associated
services for Category 2 use.

• Distributing entitles wlll haveaccess to the ESAEnvlsat facllltles to
serve user requests.

• Distributing entitles mayestablish agreementswith non ESAfacllitles
to provide Envlsat data In response to user requests
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7-th ESOWG, 28-29 May 1998
M.Meshkov (OKB MEI, RUSSIA)
Reports

Introduction
The area of water of the Arctic Ocean along the coast of Russia is accessible for all-the

year-round of navigation. However, the successful ecological and economic activity, including sea
transportation, is possible only at regular observation of the state of the environment of this region.
Thus the information about the basic navigating parameters of an ice cover, determining the possi
bility, safety and efficiency of polar navigation is the most important.

The effective ice-information provision can be achieved by use of space systems of radar
tracking and, particularly, synthetic aperture radar (SAR). The space filming of ice conditions of the
basin of the Arctic Ocean has direct application for provision of safe navigation on the course of the
North Sea way, fishing trade and safety of other kinds of activity.

In conditions of a long polar night and powerful cloudy cover in Polar Regions the basic
means of tracking from space is SAR. The radar-tracking means provide the tracking at all kinds of
weather and independence of illumination, that especially is important for work of operative system
of monitoring of ices.

At the moment the European space vehicles ERS-1, 2, completely equipped by radar SAR,
function on sun-synchronous orbits. The existing reception stations of data from ERS have zones of
radio visibility, not covering a large part of the Arctic North Sea way. According to the decision of
RSA-ESA (Paris, on March 24-25, 1997) within the limits of the project "Icewatch" the decision on
accommodation in Russia of reception stations of the data of SAR ERS is accepted. Accommoda
tion of such a station in North-east Siberia allows to block by a zone of radio visibility the Arctic
north sea way from the Novaya Zemlya up to Chukotka.

1.Assignment of data reception station and its tasks.

According to the protocol of negotiations RSA-ESA (Paris, on March 24-25 this year) within
the limits of the project "Icewatch" in the east-Siberian part of Russia is planned to built the recep
tion station of the data from SV ERS-1, 2.

SV ERS-1, 2 are equipped by a complete set of the equipment of remote sensing and, par
ticularly, by radar with synthetic aperture (SAR) of high resolution. The received data is planned to
use for observation over sea ice conditions along the North Sea way.

The problems, solvable by station during its operation, will be specified in accordance with
development of commercial activity along the North Sea way.

At the first stage of operating system development the radar SAR ERS-2 and non-coherent
side-looking radar (SLR) "Ocean-0" will be used as a information sources. That radars complement
each other successfully relating to resolution and search (scan) band. SLR data will be used for
large-scale scanning over a wide band and SAR data - for detail analysis of ice condition (small
scale scanning) over more narrow band at the key points of North Sea way with the most critical
conditions for navigation. Complex use of that radar images considerably increases the informativ
ity (data output) during the process of recognition of ice age, channels and spreading. A weekly
scanning by means of SLR "Ocean-Z" is supposed over the whole route of North Sea way and re
ception of 6 - IO frame blocks (from 2 to 5 SAR ESA-2 shots) of priority images (the most impor
tant) ofNorth Sea routes.
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Note: see Technical Notes on ICEWATCH project (Russian Party)
"Information systems developed for dangerous events monitoring by use of satellite data (ice
condition and floods mapping at Pole regions)",

Science-Industry Joint "Planeta", OKBMEI, 1997.
Putting into operation that system is supposed in 2000 (the 2-nd stage) when Russian artificial

Earth satellites "Resourse/Arctics" and European ENVISAT will be launched to the orbit. SARs of
that satellites will provide radar images reception over a wide view band 450 km with the resolution
of200-300 m. The operating system of2-nd stage will provide the daily reception of North Sea way
space frames. That radar images will be transmitted for some users in quasi-real time: to ice
breakers, Navi-mission Staffs, Steam - navigation offices, Ice Center at Dikson and Arctic and Ant
arctic Scientific Rearch Institute.

2. Foundation and selection of station location on Russia territory

2.1. As probable locations of data reception station on territory of East Siberia it is possible to
examine towns Tixi and Yakutsk because of their location in relation to the course of the North Sea
way. However the location of the station in Tixi is more preferable, than in Yakutsk, proceeding
from the zone of radio visibility SV ERS (fig. 1.). The zone of radio visibility from Yakutsk does
not cover the region of Chukotka on East, though is crossed the zone of visibility from the locality

· Tramsyo on West.

Zones of radio visibility SV ERS under the elevation angle 5 from localities of a possible lo
cation of the station in Tixi, Yakutsk and on Dikson are shown on fig.I. Zones of radio visibility of
data of reception stations, located in Tramsyo (Norway) and Fairbanks (ALASKA, USA) are also
shown.

From fig. 1 it is follows, that, by locating data reception station in Tixi, we can receive the
most optimum variant of observation of the course of the Northern Sea way along the whole terri
tory of Russia taking into account the possibility of reception of the data from station, located in
Norway.

A zone of visibility from the station 1 Bears lakes 1 situated near Moscow, where it is supposed
to carry out the tests of an experimental sample of data reception station is shown on fig. 1.

3. Geographical place and administrative submission of the city.

Tixi is a town in Republic Saha (Yakutya), with number of the inhabitants about 10 thousand
people. It was based in 1932 as trans-shipment seaport in a gulf of the sea Laptev, near to the mouth
of the river Lena in connection with development ofNorthern Sea way.

The urban administration is subordinated directly to Government of Republic Saha.

In 4 kilometers from Tixi there is an airport, capable to receive all types of planes, including
large transport. Passenger flights connect Tixi to Moscow and Yakutsk.



Puc. 1.

The climatic conditions can be characterised by following average data:
- warmest month July I August

- the maximum temperature in August 7,5 C;

- the highest registered temperature 34 C;

- the lowest registered temperature in August -4 C

- the most cold month January

- the minimum temperature in January -33.3C;
- the highest registered temperature in January -4 C;

- the lowest registered temperature in January -52C;
- the average annual level of precipitation 375 mm;

- - the maximum average speed ofa wind 36 mis;

In the town there is a personnel highly skilled in the field of radio engineering and electronics.

The electric supply of the town is performed from diesel station with general power up to I0
MW.

In the town there is a station of space communication Orbit-2.

3



4. Analysis of data reception station specifications.

4.1. Under the proposal of the RSA the OKB :MEI have begin designing and creation of a
sample of reception station of radar-tracking survey SV ERS-1, 2.

The design works should satisfy to a number of conditions and to pass a few stages, major of
which are:

Minimization of cost of the equipment and putting into operation of the sample of station;
High degree of automatization of the control of basic systems and devices of station to re

duce the charges on its operation;
Increased reliability of the work of station in conditions of the North and remoteness from

the enterprises, capable to carry out difficult repair jobs;
Necessity of step adjustment of debugging and all-round infield tests of the sample of sta

tion on the branch of OKB :MEI "Bears lakes" near Moscow before sending on the place of installa
tion and putting into operation;

Attachment with the unique hardware-software terminal equipment, delivered by ESA, and
its competent operation.

The work at small elevation angles, connected with the maximum extent of the channel board
- Earth, deterioration of the noise characteristics of ground station, imposes the rigid requirements
to parameters by the antenna system and to the noise characteristics of receipt-convertion route of

reception station. Hence, Q (G/T), i.e. ration of factor of amplification of the antenna to noise tem
perature, brought to the input of system, should be maximum.

Also it is necessary to minimize errors of pointing of the antenna on SV, connected with the
programm control and the influence of disturbing factors of weather character. In this connection it
is necessary to consider variants of creation of reception station with antennas with diameter d1 =
4,68 Mand d2 = 7 Mand final decision about using of this or that antenna must be accepted in view
of all factors important for work .

We shall carry out the calculation of the energy ratio, using the ratio of powers.

Taking into account a quality of noise band of a reception path value F rn = Fcycle, it is possible
to replace E/No by the ratio of powers of a signal (Pc) and noise (Pin), taken in specified noise
band: E/No=Pc/Pw

When calculations are carried out the data ofERS on board equipment, distributed by ESA as
official "Programs ERS-2 " are used.

The calculation is carried out for two variants of the antenna system with diameter of a re
flector d1=4,68m and d2=7,0 m..

Results of the calculation and the initial data, on the basis of which calculations are carried
out, are shown in tab. 1. Besides the ratio of powers of signal and noise also data of the energy
stock above the minimum level, equal to 12 dB, depending on the elevation angle are given for two
variants of the antenna system. The minimum level of signal I noise ratio is defined by the threshold
ratio on the input of the demodulator, equal to 6 dB, and by the theoretical stock, equal to 6 dB on
losses in the atmosphere with intensive rainfalls.

Presence of the specified energy stock allows to use reception station ERS practically on the
whole path of North sea way from the Barents sea up to Alaska, including the Bering on Straits fig.
1. The antenna system of the station of reception of the information ofERS can use a reflector with
diameter 4,68 m or 7 m.
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Table I.

Elevation angle, degrees 5 IO 20 30 41 69,6 90

Slant range, km 2840,7 2419,4 1812,1 1434,7 1175,0 872,9 824,5
The effective area of
Antenna (di= 4,68m), m2 8,6 8,6 8,6 8,6 8,6 8,6 8,6
The effective area of
Antenna (d2=7m), m2 19,25 19,25 19,25 19,25 19,25 19,25 19,25

Polarization losses, dB 0,4 0,4 0,4 0,4 0,4 0,4 0,4

Antenna losses, dB 0,5 0,5 0,5 0,5 0,5 0,5 0,5

Atmosphere losses , dB 0,8 0,8 0,8 0,8 0,8 0,8 0,8
Noise temperature of the

station (di= 4,68m), K 170 150 140 132 132 132 132

Noise temperature of the
station (d2=7m), K 153 143 135 132 132 132 132

KH,ZJ,of the onboard
antenna 4,786 4,467 3,334 1,698 0,758 0,331 2,63

Power of the onboard.
transmitter, W 12,5 12,5 12,5 12,5 12,5 12,5 12,5

Losses in cables, dB 0,1 0,1 0,1 0,1 0,1 0,1 0,1

Indefiniteness of
measurements, dB 0,36 0,36 0,36 0,36 0,36 0,36 0,36

Power of own noise of the station
(di= 4,68m), dB 2,6.10·13 2,2s.10·132,12.10·132,0.10·13 2,0.10·13 2,0.10·13 2,0.10·13

Power of own noise of
the station (da= 7,0 m), dB 2,32.10·132, l 7.10"132,05.10"132,0.10·13 2,0.10·13 2,0.10·13 2,0.10·13

The signal I noise ratio
(d1=4,68m), dB 11,50 13,46 16,29 18,57 20,30 22,88 23,38

The signal I noise ratio
(d2=7m), dB 15,49 17,18 19,93 22,08 23,80 26,38 26,88

Surpassing of the minimum level
(d1=4,68m),dB - 0,5 1,46 4,29 6,57 8,30 10,88 11,38

Surpassing of the minimum level
(d2=7m), dB 3,49 5,18 7,93 10,07 11,80 14,38 14,88
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The block diagram of data reception station is given on fig. 2.

As the reception antenna X of the range of a Radio line 1 (8, 14 GHz) it is supposed to use
the reflector antenna, designed in the OKB l\1EI with cooperation with the adjacent enterprises. The
diameter of a reflector - 4,68 m or 7 m depends on financial possibilities of the Customer.

The reflector antenna together with support-rotational device, illuminator and converter on
intermediate frequency 720 Mflz structurally represents an independent structure.

Control of the position of the antenna with the help of the guidance system during data re
ception from SV ERS-1, 2 is carried out in accordance with the program, designed in PC-Hon tar
geting as a state vector . It is assumed to receive the targeting on a network of Internet with the sub
sequent correction. To use the maximum energy potential of the radio channel it is assumed to use
in the pointing system, so-called, extreme automatic device on base of PC-H.

The block diagram of the reception path of the station is carried out with single transforma
tion on intermediate frequency 720 MHz. The value of the intermediate frequency is determined by
the requirement of the input of the high-speed demodulator, delivered by ESA.

The equipment, delivered by ESA, provides the high-speed demodulation of the received
signal, registration and accumulation of the high-speed flow (105 Mbit/s) on memory units of high
data density. The capacity of data saved thus by one session can make 12 GB. With the help of
back-end processors the high-speed flow of SAR is operatively processed with reduction of resolu
tion up to 80 m, is collected and is archived in the appropriate format. The capacity of the archived
data, received by one session, can make 3 Mbytes.

In order to reduce considerably the capacity of used carriers during the registration of SAR re
ceived primary (raw) data flow it is supposed to adopt the high performance adaptive algorithms to
provide 3 to 10 times reduction of digital data with 100% guaranty for their no loss decompression.

That technique is based on application of set of adaptive compression algorithms operating
with variable-length input data words. Cascade arrangement of that algorithms gives a unique abil
ity to extract redundant information from any input data flow.

The linear algorithms have an ability to operate with any file standards. During the operation
with that algorithms there is no need to carry out the first stage of file preparation (transformation).

Using of four-level phase manipulation in the information channel imposes rather rigid re
quirements on through amplitude-phase frequency characteristic of the route (APFC).

The non-uniformity of the peak characteristic in the pass band should be no more than-0, 1 -
O,SdB, non-uniformity of group time delay in the pass band - any more than 1,5 - 3,0 ns. For ful
fillment of these requirements the filter, ensuring fulfillment of these requirements, should be en
tered in structure of the demodulator.
In cascades of a reception route, previous to the demodulator, it is necessary to have such a stock on
the pass band, so that the non-uniformity of their APFC in the band of the received signal will not
influence the general characteristic of the route.

It is accepted to consider, that a sufficient stock will be band widening in 2-3 times in compari
son with Fo.7=FTaKTI 2,

Where Fo,7- pass band of the radio route on level 3 dB, FTan- symbolical frequency of the ra
dio message.

The widening of the band in a linear route before the demodulator is allowable in limits of its
dynamic range. The characteristics of the demodulator have defined its dynamic range equal to
40dB. As due to change of position of the space vehicle the amplitude of an input signal changes on
27 dB, it is possible to consider the widening of the noise band, varying the value of an input signal
on 3 dB is allowable.
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5. Technical data of receipt-conversion device.

Average frequency of an input signal

Width of the spectrum of an input signal

Noise temperature of a reception route,
brought to the input of the antenna

Noise band of a reception route before the demodulator

Frequency of an oscillator signal

Instability of the frequency of oscillator from
all disturbing factors

Short-term instability (Is)

8140 l\1Hz

- 60 l\1Hz

- 130To
- ISO l\1Hz
7420 l\1Hz

Level of secondary components in the spectrum of oscillator at disturbance:
More than 1 kHz not worse - 130 dB
More I0 kHz not worse - 160dB

Phase fluctuations of the oscillator (3o')

Interval of working temperatures of the microblock,
placed in the container of illuminator

Input frequency of the demodulator
Range of an input signal
Input resistance

Time of capture in the circuit <l>AIIof the demodulator
Range of search by frequency: 800 kHz,
Demodulator losses in the including differential decoding losses
The threshold ratio E/N

Kind of modulation
Output resistance of signals of the information

and synchronization (in levels of3CJI)
Data transfer rate

Control of work of the demodulator:

9

No more than 0, 1.
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720 0,8 l\1Hz
(- 10 ... - SO) dB m
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No more than 300 ms
200 kHz, sokHz.
No more than 2 dB
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Remote.
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6. Guidance system

The guidance system is intended for control of a position of the antenna and provides control
modes PROGRAM, HAND-OPERATED and HALF-AUTOMATIC DEVICE.

Structurally the elements of guidance system are allocated on the antenna to a post, in a hard
ware cabin and in a basic building.

The antenna can rotate in limits:
• ·On azimuth 330 degrees, On elevation angle from minus 5 degrees up to+ 94 degrees.

The guidance system provides the following maximum parameters of a movement of the an
tenna:

In a mode the PROGRAM -
• · On azimuth - speed up to 18 degrees /s, acceleration up to 3 degrees/s'', third derivative up to

0,3 degrees/s'
• On a elevation angle - speed up to 9 degrees I sec, acceleration up to 3 degrees/s', third deriva

tive up to 0,3 degrees/s".
In a mode HAND-OPERATED - on azimuth and elevation angle - speed up to 3 degrees Is;
In a mode the half-automatic DEVICE - on azimuth and elevation angle - speed up to 10 de

grees/s, fast rearrangement with speed up to 20 degrees/s.
For maintenance of protection of metalloconstractions from overloads the restriction of mo

ment on shaft of each executive motor and electronic braking at the approach to extreme points of a
rotation range is provided.

The errors, which can be reach by work of guidance system in the mode PROGRAM, are char
acterized by the following values (maximum value)):
• · On azimuth - 1,5 angle minutes (static error), 6,2 angle minutes (dynamic error)On an elevation

angle - 1,5 angle mines. (Static error), 7,0 angle mines. (Dynamic error).

7. Equipment delivered by European Space Agency.
Under the mutual agreement PKA and ESA for compectation of east-Siberian data reception

station ERS the enterprises of European Space Agency plan to put in OKB :MEI the following
equipment:

a) Demodulator Bell Telephone MGF (BTM) for high-speed channels ERS-1, 2. The de-
modulator is fedfrom a source with the following parameters:

- Voltage of a network - 220 V or 110V, 20;
- Frequency of a network - from 40 Hz up to 440 Hz;
- Input - 100W;
- Weight - 30 kg.
b) Computer Sillcon Graphics Challenge. Two central processors with operating system

UNIX and memory of 256 Mbytes;
c) Workstation Silicon Graphics Indy with an external disk of memory 29, I GB. The station

provides the dialogue interface between the operator and machine;
d) Additional peripheral support, consisting of a file 10 4,3 GB disks, two disk drives DLT

7000 and one exabite disk drive;
e) Cable for connection of the demodulator to platform UNIX, and also for connection to the

peripheral equipment.
The whole equipment is mounted in two supports of the small size, here are included one

monitor and one desktop working interface station.



8. Technical data of the station

Carrying frequency of a received signal
Width of a spectrum of a signal

8,140 GHz.
110MHz.

Polarization Circular of right rotation.
Speed of data transmission 105Mbit/s
Kind of modulation of an input signal QPSK NRZ-M

quadrant phase manipulation without returning to zero).
Diameter of the reflector of the antenna d1=4,68m or d2=7,0m..
The maximum range of data reception 2840 Km.
Working zone oftracking on an elevation angle at
program control of the antenna From 50 up to 850.

Width.of the pattern:

0,540,
0,360.

The effective area of the antenna:

For d,
For d2

28,6m,
23,0 m2.

BOK.Noise temperature of a reception route
Q of the antenna:

28 dB/To
32,3 dB/To

Limits of rotation of the antenna:

On an elevation angle
On azimuth

From -3° up to 92°,
330°.

Modes of guidance of the antenna: "Hand-operated",
"Half-automatic",
"Program".

The maximum working speeds of rotation of the antenna:
On azimuth
On an elevation angle

At acceleration 3°/s2and the third derivative 0,3°/s3.

Static error of guidance of the antenna in a mode "Program":
Without wind load
At speed of a wind 15mis

Dynamic error of guidance of the antenna in mode "Program":
Without wind load

The power supply of station is performed from 3 phase network
Power consumption: Average

Peak (during 15 sec)

18°/s,
9°/s,

1,0 angle Mines.,
1,5 angle Mines.

3,0 angle Mines.

380 V, 50Gz.
60kW,
120 kW.

Time of initial heating of thermostats
Time of readiness of the station
Time of continuous work

2 Hours,
15Mines.
8 Hours.
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9. Conclusions

I. The whole performed work confirms the possibility of using of THA-9 antenna with reflec
tor of diameter 4.68m as a adjusted base of data reception station SAR SV ERS-2.

2. All elements of data reception station can be adjusted after fitting out by demodulation and
decoding equipment, manufacturing and assembling of receiving route on the firing ground 'Bears
lakes', it will aJlow to minimize the efforts on putting into operation of the reception station in Tixi.'

3. The operation of antenna post with all completing devices was checked during the experi
ment.

4. Measured value of noise temperature of the antenna corresponds to calculated value
TA=l30K.

5. Measured value of effective surface of the antenna corresponds to calculated value
S4>=8.6m2.

QUESTIONS AT THE END OF REPORT
1. Regime of Tromsoe (Norway) station operation in LINK-1 (SAR) during the nearest 6 months

within a compatible radio-visibility zone of Bear's Lakes site (Moscow suburb).
2 When we can get the documentations of high-speed demodulator:
- technical requirements;
- technical description;
- maintenance manual.
3 Have the high-speed demodulator been tested (field tests) as a component of ground reception sta

tion SAR ERS ? Any test reports ?
4 We need to know the full and right name of modulation technique in LINK-I (OQPSK NRZ-M or

QPSK - Gray code ?)
5 Needful reliability per information bit at demodulator output with SAR resolution 100m.
6What synchrinization modes can be provided by the demodulator at the threshold: E/N0 = 6 dB.
7 Full structure of information frame at demodulator output.
8 The records of application data (time of ascension node point intersection in whole days (MJD) and

mks (from UTC midnight), orbit loop number, SV coordinates and its velocity vector components) in the
form of text.

9 Standard files: Predicted_Orbit and Predicted_MMCC_Orbit containing SV state vector for that or
bit loop.

1 O Antenna targetings calculated for that state vector (time, azimuth, elevation) at three points - en
try into the visibility zone at elevation - 15°, culmination zone, exit from the visibility zone at
elevation - 15°)within topo-centric coordinate system oriented in relation to geodetical zenith.

11 Precise coordinates (addresses) needful for reception (INTERNET) of state vector parameters in
order to define the targetings of ground station at "Bear's Lakes" site.

12 If any auto-tracking mode (at ground stations) over the angular coordinates ?
13Have the rest equipment supplied to "Bear's Lakes" site by ESA been adjusted (tuned up);

terms of delivery; composition of software (what resolution of processing,? may be 8. = 100m) ?

12
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".:~·.:esa__···--:;:::111 oll!!I!!=·=c- ·--..••.....-',

SECOND DAY - 29™MAY 98

• SESSION 5 - REPORTSFROM ERS NATIONAL cl FOREI6N STATIONS (15" EACH)

09H00 BEIJING - RSGS X. PAN, L. TANG - RSGS
09H15 HATOYAMA, KUMAMOTO,SYOWA - JAPAN T. FUKUDA- NASDA

K. CHO- TOKAI UN.
09H45 CHUNG-LI - CSRSR/NCU A. J. CHEN- CSRSR/NCU
10H00 BANGKOK- THAILAND N. SRIPUMIN - ~CT

RANGSIKANBHUM- NRCT
10H15 COFFEE
10H45 SINGAPORE- REP.OF SING. L.K. KWOH- CRISP
11HOO ALICE-SPRINGSANDHoBART - AUSTRALIA P. l°REZISE - ACRES

• SESSION 6 - FUTUREOF E0 AT ESA AND CONCLUSION

11H30
11H50
12H10





ESOWG 7 -List of Attendees
Surname First Name Company

Albani M. ESA-ESRIN
Atzmon D. IAI-MBT
Bally Ph. Spot Image
Ben-Yossef E. IAI-MBT
Beruti v. ESA-ESRIN
Biasutti R. Eurimage
Bigot J.C. ESA-ESRIN
Canela M. ESA-ESTEC
Cattaneo F. ESA-ESRIN
Chen A.J. CSRSR
Chng N.K. CRISP
Cho Kohei NASDA/RESTEC
Di Domenico L. Eurimage
Downey I. NRI
Engel P. RADARSAT
Feehan T. CCRS
Fukuda T. NASDA/RESTEC
Hodge R. Spot Image Corporation
Ittah N. Israel SpaceAgency
Izaurralde J. A. CONAE
Jutz s. ESA-ESRIN
Kou L. RSGS
Kwoh L.K. CRISP
Lascano E. CLIRSEN
Laur H. ESA-ESRIN
Lingle c. University of Alaska
Lloyd M. DERA
Looyen W. NLR
Marais I CSIR
Mechkov M. OKB-MEI
Menescardi A. CONAE
Missling K-D. DLR
Nabet E. Spot Asia PTELtd.
Nanz T. Spot Image Corporation
Nelson c. Spot Image Corporation
Noguchi M. Nasda/RESTEC
Pan X. RSGS
Pearson M.J. DERA
Perminita L. Planeta
Rangsikanbhum T. NRCT
Reiniger K. DLR
Reynolds G. University of Alaska
Rognes A. TromsoeSat. Stn.
Rufo R. Eurimage
Sripumin N. NRCT
Strikovsky H. IAI-MBT
Tang L. RSGS
Trezise P. ACRES
Valencia F. CLIRSEN
VanZyl A. CS.LI<
Yokotsuka H. NASDA/RESTEC





C>

(!) ·=3: a;0 (I)

en :!!:
w .c

>(Jz
w
(!)
<C

C>e·-~
••••
0
3:

w
(J
<Cc..
UJ
z
<Cwc..
00:::
::::>
w

e
0...,
cu e,•... :J
CD 0e, •...
0 (!)
ti)c:
0·-...,cu...,
"'"'a:::w



~z
~

~c
~
00
~zp
0
~c 00< p
00 ~
~ <00 ~
~ 00
~
~
~
~
~
~<00
M-.......
~

00
~
~



enz
0-I-
<(
I-en
z
(!)-z
w<( a:w w
0o
LL

...J 0
c0 z

w za:: 0
<(e,I- en 0 ..J- a: <(z en
zw <( ::>
0:c w -::!: c, a: I-o :E w <(w > zw

:c 0 0tn I- w I-- oc
~ <(- I-z z >

<(a::::> 0 w c-0 en en a:a:: en a: <(-:E <( ene
a: en 0N Ill ..J I-••••••••
..J <( en

'
I

z
~

..J en
I

0 w
tn <( - oa:: Ill (!)0 z w ow

..J 0 a: <(o -I- e ee <(o ::s ::s::s - Cl)..J Cl)
I Cl) a..

afi afiafi a..
<(

i i Ii



w
~w::c:
(.J
UJ
1-zw
~
(!)w
UJ
c
z
::>
0
a=:
(!)
N-.~
I

UJ
a=:w
_J
_J
<(
a=:w>0

I I I I

tft
"''1UI

~II

c
u, :IE
coz a::
<Cu.

<C ~ Cl)
I- o z
~ ::J 0
3:c i=
~

0 <Ca:: la.. Cl)

1

-1-
<C
I
C/)
cz
::>
00:::
(!)

s0:::w
<C:::?
~
..J
<C
Cl)

1

(/)
1-o
::::>c
0
a::.:
Q.
wz
...J
LL
LL
0

en
1-o
::::>c
0
a::.:
Q.

>a::.:w>
...Jwc
1-cn
<LL



---ca- •..en m
<( 'ta

::!!

w
:Ew
J:
(.)
rn
z
0
~
(.)
::>c
0
~c..
<C
1-
<Cc
c
<C
0
...J

~~e,
N..._
~
Irn

~w

UJ0:::wc
0:::
0

-cao·--0-UJ
0:::wc0:::
0

tn
it)
:l

! "'C
0•••

i c../ rn
~wrn
::>UJ0:::wc

-: -.c:
C)u ::ien o

a:: 0
Z.cc

•••cau,

-cca "'C m
Q) c >u ·- ca03:3:---
<( ::!! ::!!a:: <C <C
• • •

tn
+"(.)
:l
"'C
0•••

i D..

C)
c

a:: ·c;; ~
1'11"1 (/) =
""' Q) ·-..J (.) (.)o ca•.•u.
a.

a:: -wu.
::!! :::w (/)
a:: ~
u.CD



I

-...J -<( .a (.):c ,.., ,..,- 0::: ~ (.)a. co •..
Cl) 0 - :::l

~~

en
~

0 co 0 •... "'Cen 0 en LL0 0~ en~ "'C ••••0(1) z 0 0::: ~ cn ca c.
Wa. •••• ~ :::l- .c - "'C "'CUJ c~ :c: c ·- w (.)E c:w I- 0::: >- 1-w caZ> - <tc o< 3: z E (/) ::i "'<( (/) 0 0 >- 0 Cl)cnc c •.. (/) •... oet:: c: (/) ••••u.. ~ w •••• :::l ·-o c 0 0 - zo e<tLL ·- caa. z ,.., I- c: o~ Cl)
~o "' z 0 - "' I:l w Cl) (/) 0 I-._ •...- C> ·- a. "'

••••--z w •.. - ,.., Cl)I- eo c: I- I- ca - Jil:: "'z m ·- c <( •••• 0:::·-~- ,.., c Cl) ot-: :::lw :::> (/) 0 (.) I- c. -:E I- 0::: I- Cl) :c (/) 0 (/) ·- (/)
•••• - z°'g w(!) <(~ (/) ·- 0::: 0"'C I- <(:: 0w w - <( (/) ...J 0::: ca -cnc - (/) (/) ~ >UJ I- en c I-~0:::w - en LLW 0 - 0:::c Cc > en QI- 0::: z c (/) w(/)<( - ~ 0 (/)z I- - I- Zz:l (/) 0::: 0 0::: zcn I- ~ <o cwe> <t 0 0 ...J -0 co <( w z- zOa. LL - ...J o1-et:: z I- <( en I- <(0 ::::> 0 c en (/) (/) -<(!) 0::: w 9:I- ~ w >- I- 0::: (/)-a.3: I- 0:::<( - 0 (/)w ~<( z (/)<( 0 ...J z - wa. 0:::UJ 0:::w c z 0 > o (!)Q 0w <tZ - <t (/)<t - 0::: z ~z(/)<t ...J ...J Zz I- w LL- I-N 0 a. <o (/) (/) > I- (!)...._ W:c (/) 0:::- w - <(~ :c: I- (/) I- I- e w :c u- ...J-I z I- ~ 0 w< a. "'UJ 1-- 0 0:::<t z 0:::a.et:: c3: z - 0::: Cl)0 0::: - I- _:;E LLU0 w <(w W:;E ~ LL~ I- ...J C<( 0 ·-

I- 0::: (/) 0 <t w 1-0 w~<o w w (/)Q w I-- 0 :!:1- 0::: w <( ow c "'~LL I- z 0::: <(I- <(-- w ...J - 0:::...JI- ...J <t c 0::: a.o o::: ea.<t - 1-C 3: ~:!:0 :c (/) 0::: 0::: (/) (!) ,..,::::> ...J <( z m I- 0 ow a. c:ca. LL w ~o ...J <t ...J 0 0::: ::::> 8• • • • • • • • • ~

I



en
t
(J
::>c
0ct::a.
c
w
t
<(c

-Cl.z :::>"~ -:itti) o >< >< >< >< -W<( ><m-
LL - -<( >< >< -IC -IC

+ + -IC -IC
Q. - -I >< >< >< >< >< ><-
LL
<(
Q.
I

~ >< >< >< >< ><=>
LL
<C
Q. >< >< >< >< ><I >< ><c --IC-N -.::I'

3: - 0 0I- 0 0 0 0 00::: <( ..J ..J w t- t-
Q. 0::: en en (!) (!) (!)

---'
~

ct:
<(en
~
~enct:
w
<(en
w

~--



enz
0
t:=
<(
ten
..J
<(z
0
~
<(z
i

~co_
c >.
C'>-·- cca o
C..c
E tnca ·- .-...u ca >.c.. - -- E c <<( 0 -U ca ...J

-- u c 0--1- C'> z- - (.) z- ·; (!)
cQo:::0 c..z~_ ZN<m eocn

::ii:: o <( I- <( ca :t !;2=>-;:-c..z<!>gu -w
-co::~< --u:e.m_:z::ZW...J -ON- NZ(!)O C-1-...JO:::::::>- -mw-w-wow m ::::>..Jc( t:..cn ...J ~ ::::> ••.•. ci

Co::< <(~::! C!><cnLLWWo:::C!>>e:<mm:t •....~ o w e w Cl) Cl) z <(
ocn1-~1-:co:::=>cn<1-
o:::w<o:::<- g;Jw::::>...J!:::1-3::<!>0..:EO...JZ<(::::>::i.:::
•••••••••••

cwz
C>
en
:::::>
0:e

cwz
C>
en
:::::>
0:e
en
a:::w
0z
:I:
I-

~
z
0
~
~en

c::::>~
<( Cl)
Cl) Cl)-::::>
J: 0:::
c-
c( (ii
>::ii::a: i=••

en
a:::w
:I:
I-
~
enz
0
I
<(
ten
z
C>
wa:::
0
LL
i



,-._r-
O',
O',
~
"'C·-e ,-._

r- ,-._
= O', O',·- O',
r- •• ~~O', e -O', ••
~ e =~
••••• = ~r:'-l= r:'-l ~
~ = "'C ,-._= ·- ~ QO< "'C = O',

~= ••••• = ~·- •• = •••••••= - ="'C ••••• e, -~ r:'-l
~ =••••• r:'-l ·-••= = e "'C

••••• e = ~
r:'-l ·- ...=••••• ...== = CJ CJ
e •• = =·- ~ = =••••• e,= = =•• e - -~ --- --- ~e, 00 r- ~e 0 ~ e--- :; •••••••
00 < ---
~ ~ 00 00·- Q ~

~
~ QI z= 00 < 0

~ ~ :;00 ~ ~• • • •





CX)
O')
O'),,_w "'

Cl >a0 ca
+" :2:z ~

<( +"en ~
c:
Cl)~ NZ a:en EI

~Q ~:::J Cl
Cl).•...•...~a: •... en ccI <( w <( \J ..J

Ien a: c, .,._ c: oa: w en ::J w
I-w c.. ••.. 0 en

I.. w0 - CJ Im ca-a: en (1)c:ca0 a: ow -(1)z ::::sen·-- ~



enz
0-I-
<(
a:wa.
0 ..coc:

::::::i
ctl LO

{\J ~ C>I ,_

Cf) 0..
a: ~
w

N
Iena:w

,...
Iena:w ..coc

::::::i,.. •...
..!!:! O'>

..-~C>I :::l
Cf) -:>
a: -w

c:
0:;::;
ct!•....
Q)
c..
0
c:
0
(/)
(/)

~
..-
I

Cf)
a:
ui

-CD
O'>

Q)
c:::i
::::;..

-c,
::::I
I~o
ct!
..0
(/)o,
0-c
0 c:- 0ct! -c ct!•.... •....
Q) Q)
..0 o,
I 0
..- c:
I 0

Cf) (/)a: (/)

w ~
{\J
I

Cf)
a:
w

0
0
0
{\J__J_

e

H (j)
(j)
(j)..--><w

wl
co
(j)- (j)r-, ..-O'> Cl>

UI·;:: ftSa. ~·I~s
(j)..-

I ..-
LO
(j)
(j)

E cn
Q) £
'"O cc: 0
ct! E
I- e
~..-
1

Cf)
a:w

..-

..-

..-
{\J
(j)
(j)..-
..-
(j)
(j)..-



0
0 I/)

CJ)
...

CIJ

Ql [LJ z

co '

~~~

"O

CJ)

c
-

O'l a:

0

a::

O'l

~

Q.

CJ)

T""

.--- . - w

>. ~ ~~

ct!
~

< I-zz

~ <W
:E0

..:z.J

~o~ -

•••••
'

en ~
!!? 0

z
• :E0

w
~

CJwen
cz I

~

::::>
f-
'

0
x

Ia: ~
f-
'

CJ
x

ena:w I ~
f-
'x

ca
-- ~

\
-...Ql
.0 c3

~I

<
If) \ a
c
"i:

~
a..

~~~
:; ~
11)0z u..



•••·-.c
I..

0
c:-
N
Iena:
w

•

>..c
"C

Q)--0
I....-s:::
0
(.)

"C

s:::m-m •s::: E
0
·- Q)....- ..-
m "'I.. >.
Q) (J)c,
0 C')eQ)._
I.. s:::
m s:::
"' m....- -s::: a.
Q) s:::
Eo• • :J ·-1... "'....- "'"' ·-s::: :2:·-- Q)-.c<C ..-
I

1Jm
0~ >.
cac,
•



~ C)
l .!!:! C1) c:Cl) I • .c .c•-

(.) cu 3: .!2 E ;:c: I > 0 •ca s ..2ca ca c >~ c.(5 tn
E .c o ca CJ C1> '+- ·-

'" ••• "'C C1) UJ c: I-
I.. Q) C1) .c: C) ·- 3:
0 ·- c. ~ CJ c: "'C I-

•••• I ca :J .!2 C1) .i:: ~ -
I.. I E"' e e :Jas 2
Cl) I 0~ -8~ ~8. <I:
D.. 1 e .c C1> C1> en ca C1>

'" '" ~ .c: ·- tn .c:
...., 1 '" "' ca o C1> •••
·- i ~ L1. ..--...0 c: "'C '+-.c Io ,...CJ o
L. I e E ::t;t:~ ==~ c:
0 I ·- 0 •.•2 ..2 .c: 0E c. ·-..:: C1) -c -c :: cac1 I ~Cl) ~c: Cl).., "'C
- O CJ C1> ca := :J ca~ '" .___...C) 0 .c ~
N I 0 ~ en c: .c: ~ Dl-0
I ·~ Q. 0 ;: tn 'S . -8 C1)'" ca ~ 0 M O tn >VI E c: >- I CJ - ~a: I Q) (!J'Q.. 0~~ (ii~w I 0 ~ = ~ ~~ ~ E .cZS <C2GCJCJUJO

• • • • •



.--...
0 I en .c

I >. +", ca ·-- I ~ -c 3:
CC I gi -E o (I.)<C I ·- ·- "- -I c. ~ ._,_,_. .c
Z I cu .., ,,, ca

' Cl) 0 VI +"

W I ~ e ~ c..
' ~ 0 (.) '"! Cl) (.) \I#

0 I 3: >. (.) tn
I' 0 Cl) ~ o o +"en a. "C ·- "" e
! 0 N C 0 '" ·-1 "C I C ca

c Ecn m 0 3: Cl>a..w I ~ ~ffiBE +" mu;> I m;:.ccu~ ~ C..cnc
- 1 E m~:c-c Cl> ::s eno
...I i Cl) :C 3: ·- Cl) > I C (.)

I .C - 0 .., Q) ~

<C I 1- o ..! ~ .E u ·m c
, o me.= +" ca c..o
I ••• ~~ e cu ::s m E~I ..fl\ ' "CI m 0'1-- 0 ftlf'

•••• j cu -c c. ·- = • -c ca '" I
W c c e •.. 'Imm ~ "\ I..::J m ·- ~ o (.) \I# (.) Cl> I
W ·· -c en o ;: c Cl> o a: C.. Ic ~ ~ u o .c ::s ol
~ 00.5"Ecp;: e -c<t+"1
~ ·- cu "C o cu m Cl> en C Is s s e s e -c a..-ca'
,... 1 c > ..2 ~ ~ ~ ca "'• ca +"
I I I.. ;: >. .c ·- Cl) 0 "" ·- I..Cl> um~ ::J ~ - 1 U01en I .c<tC...OOc... >. en Cl>C..I

,.,,. ·- 1 1 1 1 1 ca a: a. E I...._ :::c: a. w en ·-
W I • • ••



~\ c: ~
\ii.I 0 0
(.) ; gc:
C: ca += :J-c :::J caca C) ca o -E e 1.... (/) 1....

·- C) e Q)Ii- •• ~ CJ.) •••••o ~ 1.... -c ~ ca
11-- ca o _
Ii- t:: ~ 0 c: CJ.)
c» <C : ·c -~ E

" 1.... 0 c: ·-•••• 1.... '" ·- .•..•ca "' 1.... ~ .•..•.••• - .•..• 0 1....
·- 0 c. tn 0 3: 0.c cne E ~ N~
Ii- c: c CJ.) CJ.) ,... tn
0 ·- 1.. E ~ -g "C

Cl> Q) :J • ca Q)c: ~~ 1.... ~ ,...::- ~-- .•..•• o ,...ca= 0 tn~Q) (/)'+-,... ca c. c:= E m ..
I U. ·- ca C: W

CJ) Jo.. ?ft Q) ·= = cc ~ a:cc: .2.. o :5 E ca en £ <C
W ca~ =o Et- a:

:E • <Cc:cn<C IC.
• • • • •



c:
0~0

co
M
>a. . .c> "'C

..J Q)

<( ~:2: c,
o~
z >a c:_,,, - Q)....._._c: .c

Q)cc "'C ;
W "'C u

:l c:::::.. "' ·> I.. "'0 Q) Q)

" 3: :c•••• 0 CtS
.--.... Q. •••••_,,, .•... "'....._._:l "'en a.·-,..._..,.. ••••• Q):l> 0 g>
<( >a ::
,.,. CtS 0•..••.t: >cc CtS 'S_,,, I.. Q.
....._._ ~ .•...
,.,. 0 :l
••.•••"' 0<( Q) Q)
..J .c .c0 I- f-

en

·-"'"'·-E
Q)
s:
•••••
0•••••

cuoc:ca
E
I..
0

•••••••I..cuc..

~ Q)I.. -
Q) Q) .c
Q. :c ·c;; "'C
0 ·- "' Q)
I.. "' 0 "'
Q. "' ""' >a0 w..-
C) Q. Cl CtSc: c:·- .•..• c: -c: 0 ·- ""'
0 c: .5 Cl

;; CtS e
U "' E ·-·- Q)c: - Q)Q):l Q) I.. .c.•... > ...
••••• Q) c:Q)
0 - 0 I..c: I.. ·- CtSQ) •••••
Q) :::.. CtS "'I.. •... "'C 0
CtS 0 ·-Q. CtS I.... < - c,~tn en ca Q) Q)

~ Q) .5 "'C o
:::s .c E I.. "'"' = 0 ~ 5Cl) 0 c: t:: ·-
'- "' Q) :l "'c: c: .c .•...-~o...., o E
0 ;; 0 c:·- u .•..• :;::;,-= Q) >a Cl c:"" ,,, I.. c: Q)CJ) VI Q) ·- E
·- o > E :l•.•• ,... 0 :l I..
"' .•... u "' .•...
Cl) 0 Q) "' "'>~C:<.5
C: I

Cl)-.cca.c
0
Ii.c..

Q.
:l
I

~o
CtS.c

~I

-

c:
• Q)

"'C Q)

$ .cc·- "'I.. CtSen .c
~ 0"' ·;::Q) ·- CtS- c:. • .c >a Q)

•••• CtS !:: o(.) I.. Q) "'ca Q) E Q)c. Cl 0 >
E c: I.. ·-0 Q) -- ••••• CtS-01..a.

c: $ Q)c: Q)
~ - ~en c: Q)c: < .cw en 1-

Q)
"'C·->
0I..
Q.

0•••••

•••·-.c
I..

0
e
T--
1encc
w -

• • •

"'C
Q)
c:·-•••••Q)
"'C
I
Q)I..



- l"'C

(].) "'C I-@ () E (].) CJ) "'C I
<Do (].) t> <D..c Q)=:- ··..c <De Ee: "'C

c: 0 0 ::: (].)0 -~ 0 ~en <D ••..• m CJ) :;:::; c: E 0>••..• <D o, o m m <Do ;: - ..... en <D -~ ..c c.o "'C0 Cl..(].) "'C- Cl> ()c::i:: en CJ) > "'C • - CJ) u (].) •.... co
;> t:CJ)Q) Eo ··(")->- c:O m > C - ::iC\J

N ::lQ) ·- o, - ,_ c .!: ta ,_ c: ..c
I ..c- ln(].)m C: 00,,. m "' ~ "'C c:n - ..,... ,_ "' r= ,_ ·- "' <D G> G>

V# '" W ,_ '-' (].) W ._ ,_ - .., C:c: a) w u G> 2 c:n a> c: "'C o o ·- m o c: u ew U/\ c Uu~>::lc: e - E(jj cm cce 11 ca ; a> . § "'C ::l ca a; o, ca ..c ca ca
_. ca- E c:'Q>~o~- E c. ~o so EE
- c:"'C.. i;;;,_z O>.. u •.•••••
- r;;; 0 ._ ()OOC: 0 enQ.) o- 0 0z 0 m - o - c: u ·- - G> ..c _ m - -
0 Q.) •• - 0 0 ·- O') ••• - ••• () ••• •••_ 't: "'C Cl> Q) ·- - C: m Cl> j5 .!: "'C CV c: Cl> Cl>
~ G> o C. c. 00 "'C () 0 C. ca <D c. ,_ e, c.- c.,_ oo <DO.!:;I- - oo.::s:. o- >. Q.) ~ o ~ e, ·;::o ..c
C: "C O'> "C "C ~ 0 m ~ I- "C CV ..C 0 "C >. "C "C

W 0 0 0 a.>~OW 0 e 0<1.>..c O.::s:. 0 0a.. 0 ~ 0 0 I I I 0 (,) 0 C/) 0 0
0 (!)•(!) e Oct I(!),(!)(!)

- Ec. Cl> Cl):::s - ••...
I U) Q)

~ c Cl> ~ 0utn e :=oG> e co c
ca ·- o cft - :;:::; ::: o o o om ca ·- <ti - ·- ·- ,...c.-o- .... - - c: - -E ca 'lll:t' o <1.> ca ca 0 ca o~ N "C C.. C'> "C "C "C C:

• ,0ca caz -coc ca ca c:<D ca ~rn rn .__ c-::: ._ •. o o •. w

c: c: tn0 Cl> a: ·- C'> C'> - c: C'>E G> ...Jc G> G> mm G> ,_w w -c w - ·- -c -c "'C E -c <D-G> O ca~... m,_ =
"C :::> a: ,_o m
c - O -I - - 0>- -c ca - c: - . - - °' ,_ - -o~ raw u ra ra "'Cw ra 0::: Ee: :_MG> E E _c.. E ..c

ca C: U> c: ~ c: U> U> c: "'C U> flJ
E< w ~C\J .S ~ -o
G>rn >-> ~1-~ >- >- o ::l<( >- <( w.a •.• > >>.... •.. •.. c_"'C. •.• .
·- + G> 0 > > ct G> G> E a>z G> z ~J: >CL ~I-~> >_a: >
..J
ctz
0-~ rn ~
ct:> ~ w
c:~ ~ c:< c: rn w c:
Wet LL -ctO me:- C: :lE ct
a..~ c, ~ :Ernrn ct ~S> 3: o c:
Orn :lE - ct.. c: < .. :lE O a..



enz
0-1-
<Ca:wa..
0 ..c:oc

:l -m io

C\J ~ l>I ._

(J) c.
a: ~w

C\I
Iena:
w

,..
Iena:
w ..c:oc

:l -m.,..
- Ol

T- ~[>I ::J(J) ....,

a: -w

-0..
:l
I~om
.c
CJ)
0..
0-
c
0 c- 0m :;:::;c m••... ••...
Q) Q)
.c 0..·- 0I
T- c- I 0CD
(J)Ol CJ)a: CJ)~ w ~c:

::J
3 C\J

I
(J)
a:
w

c
0-m••...
Q)
0..
0

~II:l-:l
LL

-•......
Ol

w
Q)
UI
as
.r::

- ·--~

0
0
0
C\J

c
0
CJ)
CJ)

~

I

(J)
a:w

•...
c.
<(-

I
E Cil
Q) £

"C c:
c 0
m E
I- ~

co
m
m

C\J-T-l
(J)
a:w

LO
mm



c:
0·-
u
c:
0u

~. )

..0
0
-0
s::
0

- • • •• •

...

c
!!
I
II
ll------Ill
II
II..--II
Im

"'e~·~L
0
V>-0V>
0a
0
L

.•.
V>+- ao
s:: °'°'.•...•
~ ~
E ~

°'E N
Iao

0 N

a>u V)
:J

L .s
:J

:J ~

0 1-4
1-4> >
~
~
0• I II)
w



•••

0
0
0
N
L
0
(.\)

>

::J
0
~

+u
0a..
E·-
·-s;
u
t\)s,
0
~+

~
0
V)

0
0
0
N
s, (\.
0 c
t\) 0~·
(\) +-
..c .E+- V)

c: s,
0 ::Ju 0
~~
0 -0
I§
•

-·
0
0
0
N

+c
0·-

..
.•.

V)
V)
t\)u
0
Lc..

c..
E
0u
0
0
0
N
L
0
t\)
>--1c
0c
L:::J
0>--
+u
t\)
L
L
0u

.•.
t\)
L

~ ·5s; 0-
0 u:::J CJc: 0
0 +-....,~

CV") -g
0 t\) o.~ ..o-;
0 ::J +--0 0 uc >-- :::J
0 --0
- 0 ·-:E ~a_~

c:
0

0
+-
>-L
+- "·-·g E
>-- t\)

+-
~ +-
V)

•

(\....

-
0..c
u
0

·-
V)
H

•

0
0
0
Ns,

0 c
0 a>
o~

E NEt.. 0
0 c u .u ~ . :. >- -+- a>o,'+- s,o E o o
O o "' EN u 0
t.. • s; >-c E u ca> ..c ·- c>:- ·-: ~ E
;: ;: ;: "!i:!i:!i:c
;: ;: ;: c

c
If
I
II
I------Ill
II
!!--II
Im

"'(!)
{t.f

ao
°'°'-



s:: ~.s ~
b~
+
V)
l\)-.o
0+
L
0
Q..

"·...
u
+
~

V')
. Cl.
: UJ
0 .....,
s::...c: ...u ,_
~ ~
+- V')
-0 Cl.·- ~&. Cl

.•. ~
L S:: Cl.

00 ·- '- +- ,_.g V) -c
N 0 ~V')
s:: E .~ Cl
~-o+-Z~ s:: u ~
~ 0 ~ '+- L __.
~ ~ ·- .•...c :a Cl ,_
0 0 s:: 0
s:: +- 0 o,
~5-uV)
+- a.. ~ ...
s:: - V) V')-c :;:: 0 Cl.

' CQ UJ

E
LO
L
0
LO

•
~

0+-
a..:::J
Er-,
•

e
!!
I
II
ll------~
II
!!--II
Iastn

C!)
0

CX)

°'°'...•
~
~

°'NI
CX)
N
~
VI:r
..2
:r
~
•....
~
I.!)

~
0
II)
w



-

V)
CL
'"lo-o
c:
0·-+-c...
~u
~
L
~...c:
+-
c:·-
-0
c:
~
L+-
~
L:::J+::J

'"lo- • ~V>
0 ~+V> ·-·---V> ~·- +-...c: CJ
J- V>

•

..•
V>
~
V>

-0 ~ 0
c: tn c...
0 ·- 5
~ L C...:c -0 :>..
0 C: L
-0 CJ 0
c: -0 +-
0 L :.=c... CJ·-x NE
~ CJ ...
:>.. ...c: ~
V> V> ·-CJ CJ+-
~ ...c: u... u ~
-0 :::J t
~ • V> L.!::! : V> c...
L ·- -:::J +- V> ·-
+- ~ _g -~
.Q u us:: s:: ...
·- ~ 01 +E o ·- c:

- CJ~+-"" ..• c... E
u L E ~
CJ..52 CJ01C..:::J u 0 :e-o t-S::u
0 0 0 CJ +-u Eu.. E~

(\)...c:
+-
c

a
!!
I
II
I------Ql
II
H--II
Ica

"'(!)0

-
• • •



"U V>
(\)(\)_ L'°

t)\.i: 0 b OQ\
·- (\) +- +- (Y)
"U,_ U.. >. O+(\) ...a.... L L
t_+- U 0 (\)L
O..+- w +- a..o.. (\) w u 00
(\) O'l = (\) ~ft .....-4_, L VI

::J 0.. (\) ·- L f'.
"U I__ ..c "U ::J -oZ e rr +-: L 0.....-4

H ..C U.. s:: V> t\l ..C V
CL. u s:: ·- s:: ..c v 0\
CJ) V> 0 s:: .2 +- N -o
W s::U o+-O

O ::J ·- 0 S:: L 0\+- ·- 0 +- u 0 ::J (Y)'"""+- 0 ·- 0...,,·- >- u ~ s:: +
r V> ·- ·- 0 +-- ·- (\) ~ u u ..(\) ::i E ·- t\l V> e t\l> 0- U a.. A\ S::
L U ·- (\) ~ +- 0. . (\) ~ +- a.. CJ) ·- • s:: ..c

- II'\ '- >- V) ~ Q. 0
0 ""I (\) S:: (\) +- ::J U 0..
Ua_..CO +-UL+--~
~ J- +- +- t.: o ~ o ·- 0 t\l
0 u, +- < (\)E L fr..x: ..c •.•.ct L ::J . ~ O (\) CL. .~ V> ....._,~

::J O..V> V>~~ O..::J LN
e:: O=~ 5-uH s::_ O (\)0
r- s:: ·- ·- r 0 ':'::>.~ Nu, ·- ~ u.. .;= s:: V> +: ~ .. V>0

+- 0 s:: ·- V> s:: CXJ(\) (\) s:: - A\ 0 V> ~ E 0..C S:: :: 0 ::J ~ ·- ·- ~ L .....-4+- ::i ·- ~ E +- ::i :a. t\l +- vO(\)+-V>oOO- - 0\
O'lU t__Q V> s::+- U ~-gxs:: u (\) (\) (\) CJ) < A\ r ~ -o
·- 0 ~ u V> ~ - 'V> > t u (\) s:: (\) ..c O..u_ 0\
::J ~ ~ 0 ::J = .Q'..c ~ ..x: A\ (Y)
t\l o:t:u V>~ t\l +- +- L ~ +
L> · L(\)L+-s::o..C ..-::J ·- ~ (\) (\) ..c 0 ::J ::J ~ +- xo E_ (\) E +- +- u, a.. o +- en<
~o t:i=1;-u-g~ 8 ~~u..
V> a.. "t: "U (\)-~ 0 J- O ~ V>N..
0 ::J ~ s:: t~-u.. ~0 ~°'
u +- . o - s:: o = E (\) o-'°(\) (\) V> .. (\) 0 s:: ·- 0 V> (\) 0
..C V> .~ :t: "U U .2 :: V> 0 L CXJ
+- (\) V> ..C "U ::J +- ::J ~ U L .....-4
s:: '.'.:::> fi> OLs:: 0 zo 0 ..c s:: 0 vf-4>..._, o> >+-H~O\

• • • • •

~
I!
I
II
I------Ill
II
!!--II
Im

"'C!)0

ao
°'°'-



V) 'tl

~ §·- ~t~
+-~
V) ~

..c~
+-·-s
V)
(.\)
u
0
'+L
(.\)
+s:::
H

V)
CL
UJ
t\)...c:
+-
01s:: +-·-

• •

-t\)
E ~o
L~
'+- L
>-0-~s:: +-
0 t\)
Vl s::
s:: +-
0 CJ

c
I!
I
II
I------~
II
!!--II
Im

"'(!)
~

·-+- Vlu t\)
t\) c:
c: ·-s:: ..s::
0 uu CJ
a... E
I- -0
LL t\l

N01--c: L
·- 0~ ..s::
0 +== :::J
CJ CJ
•



c:
0·-+-
0-u·-~o>

l\W...... -.

N<,
•••••••
I

V')a.ws;
0
V)
V) V) s;
~ t... 0u. ~'+-~o u r c ct...~r ~~OCJ0.. 0.. s; ~ .E ·- -
a. V> o V> r ctJ o< V> o..r CJ s, ~ ~r~u -ct..-V') U s; :::s a 0.. s, LL-c ~ -5 c "U V') - >- 0 '-"..s::: o o c:Jr u V>

V') r~+:t...LLU=c~c 0..CJ o..z 0 CJ s; 0)w o -a ~ r :::J ~ CJ
a. .- ..s::: >- o- r .E

0 C<or 0 ma.r0 > CJ+- +: V') '+- +- ..2 < 0.. ~CJ "U "U 0 0 V') CJ c
Vl .E~~~ Vl-g'+- c ~ Cl)

°'l\) s; ·- ·- 0.. l\) ..s:::0 c t... °'0 CJ CJ ~ ~ -- rr.E-rrr'+- ~_Q 'E ~ ~ CJ _Q ~ .~ c ~ ~
c H00V') c::J=iE-l<a. °'N
L L I

I I I I I I I I Cl)
N

l\) l\) Q)
VI> > :::J
0·- ·- :;- - ~l\) l\) H

Q Q H>
CJ)
~

I
0• • II)
w

c
!!
I
II
I------Ill
II
It..--II
Ias

"'(!)0



\-I
0
s::
0·-+-
0
-0·-
0>

V> (\)+- V>u 0:J (\)
-0 -
0 (\)
L L
0.. L
>- 0
+- "4-= V>0 +:J u
0- :J
CL -0
< ~
V') 0..
t\l CL
+- <
~ V')
+- (\)
V> V>S:: L
0tll E ..g

t\) (\) s::
·- -0 (\)+- 0 0
·- +- +--·- V') <_c LL V')·- z wti)S:: I

0c...
ti)
t\)ex
•

.•.
(\)
+-
0-:Ju-0u
0+-
~
(\)
+s::
0+V>s::
0u
s::
0

-0:J+s::
(\)
>
(\)

.•.
-0
(\)
+-
0:J-0>
(\)
(\)
...0

1; 0
L "'°"' +
...0 >- V>
·- - Lc 0.. (\)u 0.. +
~ 0 (\)
L 0 E0 +- 0
V> S:: L
V> 0 0
(\) ·- 0..u +- ~u
0 (\) V>
L L +-
0..L U
CL o :J< u -0
11'\ s:: Q..,, L L

"4- (\) 0..
0 +- ~
s:: 1; 0
0 0.. s::
·- 0+- 0 .- "'""'
0 s:: +- +-

ti) Ls:: 00
I\.' :e t\l :U E~-+--L
> 8 s ~~·-+-u
t\).__,
...a
0
•

+
ti)
t\)::J
0-
t\)
L
c:
0

s:: t\)
t\) -> ...a·- cO'l_·-c>c
+s::
t\)
E::Ju
0
'1J

• •

+
L
0c...c...::J
ti)

•

e
I!
I
II
I------Ill
II
!!--II
Ica

"'C!)
~

co
°'°'-i
°'NIco
N
Q)
(/)
:J
0:;
{!.
1-4

~
CJ)

3:
0
V)
LU



s:: co
o~

0
c...:E..--Is:: CV)

0 eo·- °'+- >-.
·- 0V) :E
• - I.(')::JN
O-u
0
a.
-c
V)

.''~.-~

.• .>·
··.·:;.

. "

a
!!
I
II
I!------~
II
!!--II
Im

"'(!)
~

ao
°'°'-?;
:E
°'NIao
N

Q)
VI::J
0:;
~
1-4
1-4>
CJ)

~
0
I/)
w



c:
0

V)
l\)en
0
E
H

·-V)
V)·-

c
!!
I
II
ll-----

-~L+cu
E
fcu'4-Lcu+c
~

!II
II
!!--II
Im

"'C!)
~

:::>
-l
••••

ao
°'°'-

CX>
CJ\
CJ\-



cc: V) !!I

QC-\)~ ~·- en (\) -~ -
~ft a -VI ~ E :
V) ~ H ~·-E ~ ~< ~ -< H -g cJ

j 0E (_\)-~ (!)

~a..i (ti
\J E !c: 0 :
~ V) ~

"'H a0\..0
V) L.&.. L c E!2~o o o ~ ·~ m< -o .,, Z >- ·- a. N m N ee °'cucu.,,H ..a~a- ~°'-°' °'
CL .,,.c~a. -a~>--o ~ ·~. -.,, ~ 0 cu V) c ·- ~ ·- ~

V)
CU LV) L CU>- ..QC...QC. •.

W
U >- C. W ·- ·- ~ +- L CU L CU <: o .a a -a ·:: o V> o V> ,,,

I

L ..J ~ ~ c c •. VI

Z e, ntO u::·-'- -°'NowV <a CU I I
H ~ .~ V) N V) ~ @

~ c a. a.H i 2. w w

ea.--(\)
Cl)
~
0
Lm-

.~ CXI
L ~~ ~
(\) -E ~
0 ~
L ~
(\) N
,.._ I

L ~
(\) ~~ ~c ~
H S._, :;

- I
~ ~

~ H ~
c.DJ ~
Cl)
w



_Ja
H
l\)..c
J-

I,,..,••••••

~+u::s.,,
0
Le,--6).,,
~
0
Lm--
u·-L+-
6)
E
0
L
6)
'+L:c
t:!,

a>+a
V)

a>..c:
+-
c
0
+ca>

""C

ca>
Q.
a>

""C

..c:u

..c:
~
+..c:
O'\
"ij
..c:
""C

c
:::::J
0s;
O'\
a>..c:
+-
c
a>
O'\ca..c:
u
a
V)
+ca>V)
a>t..
Q.
a>s,
V)
t..
:::::J
...2
0u
a>..c:
+-
~
0
~
u>u
..c:
uaw

+..c:
O'\

E
..c:
u
..c:
~
t.. =a> a>c O'\caa EE·act.
c<·- \/')

""C s,
a> :::::Js, 0:::::i-0 0- uo=
u~
a> 0
t.. E
a t..
V) 0a>~
~a
+- V)
a> a
V) ~
:::::J 0

""C +
c ..c:
a °'- :::::Ja> 0..c: ..c:
+- +-
+- a>
a..D..c:
+- c
o a
V) u
c V)
a> a>
V) O'\o a..c: Eu·-
c::>a> _Ja> H
..D a>
V) ..c:a+-..c: >
ca
0 ~+: V)
a·-c ..c:
·- +-
.0 c:
EH
0 .u a>
m °'(.!) ~~-
t.. ua·-- ..c::::::J Q.
u a
·- t..+- O'\t.. 0s sa. 0
V) ..c::c Q.
+- a
' c5·-

·- ""C:t: c
""C :::::J
""C 0
a~
c a>
H.O

V)
~
0
0~
V)a
'II)

a>
Q.

~
a>ua~
t..
:::::J
V)

""C

c
J2
a>..c:
+

""C

ca
V)
t..
:::::J
...2
0o
a>g1
E

viss,
a

::>
_J
H
a>..c:
+-
ca>a>
~+a>
.0
c
0
+a
"ii
t..
a>..c:
+-
~
0

~
""C

ca+-
~a>

""C

c:
:::::J

""C

a>

c
I!
I
II
I------~
II
H--II
Ica

"'(!){ti

co
°'°'-i
°'NIco
N
Iii
VI:::J
..2:::J
~
1-4
1-4>
~
3:
0
I/)w



»<a.s; <t V)
EZ
OHs,
l\)

'-"s;
l\)
+s::·-
Cl.
-c
V)

k ••
Gl

8£

a
!IC

SC
K

CJ tc

Uk zt

~~ tC

> 0(

6Z
m,..,t01n'O't"'IN •• 0)'~7Tez

c
I!
I
II
ll------~
II
!!--II
Im

"'C!)
~

co
°'°'...•
~
:E
°'NIao
N
II)
11'1::i
...2::i
~
H
H>
I.,!)
~
0
I/)w



>en
0-0
-0
0..c
+
t\)
E

0-0,,
0
.&:;
~
~

~

,,
ca
c
0·-"E
••••

"°'">
L
0
'+-

I

--"~
ena
••••
;j.o
~w
0
L
0
'+-
>--c
0
••••
0c..._,
>L
••••"~E "0 L
L ;j" .•..'+- -L ;ju" ·-••••L

c °'t-1 a•

I.,,
c
0·-~au·-

,, ·- 0
en C L ",, a " c
" .Jl" a ·- 5c U \/) CD
~ c'

~ L ·- aa a ·-.••.• +- °' en
"' c "c ·- c" < 0.. 0fl L 8- '1:J
a " ~ c- > < •..•
.c 0 ••.• c
+- en ·-·- °' " en~ .5 L ~
••.• 0.. 0 ·u 0.. u.. '+-
" a - +-·~ E a en
f " ~ "a. u 0 5
" t-1 CD U.
°' .L

.3

"E0
~,,

.. cen ac -L C

" "u "C L
0 ~u

•

.'a-~L
"E-c
.c
••••
;j
0
\/),,

.' ca a

c
I!
I
II
I!------Ill
II
H--II
Ias

tDe
~

Cl)

°'°'-

• •



CV)

0
-c

·-V)
V)
0
>--~s:::
t\)
L
L::Ju

seue::>sWS JO J&qN

c
!!
I
II
I------Ill
II
!!--II
Im

"'CD•

~::I
0
0

CIO

°'°'-



+c
<-\)
E
l\)
us:::::J
0s::s:: c..
<O

>+-·-s:::J
+
L
0c..

s:: ....
0 V)>..._ (\)

- .....1...._ ·-·- ~ LLOr
0 L S::E (\):J·- a.. 0
L 0 Ua.. 0
.. u s::

0 O'l 0
r s:: (\)
0 ·- a..-c s:: 0
V) (\) L
a: -g LB
Wor
'+- L V>0 .o 0
s:: -cw
0 s:: -0
·- 0 s::t V) 0
N (\) S::
·- V) 0
=o(\)r a.. s:::J L 0
(\) :J L...C: C... L
rr(\)s:: r
O'l (\) ·s:: -c·- E (\)-c C...<s:: 0 <
(\)t\>-c
r > s::x (\) 0(\)-0
•• V).,,r (\)
a> (\)·> L·- .:::s:.r+- L S::
CJ 0 :J
a> E o
·~ u.o -e O'l
0 s:: s::
CJ o·-·- ·- a..'t-ro·- c:s -CJ u (\)
~-- >a..- (\).,,8:0
(Y) 0 ...c:
O Lro·-
~'+- ~

. .•.
CX>o-

0
N

(\)
>-0>s::-
0 .
V) V)- (\)o._
-C L
s:: r
0 §
V) 0
L U
0 L
(\) ·>- (\)
N:E
L S::
(\) ·-
> >-0 -r...c: u
u (\)rt
(\) ·L -C
r V>
V) f-t= a..-~ (\)

>QL
<~
V) ...c:·- u..s::::: ·-
r ..s:::::
L ~
0 .,,
'+- c
s:: 0
O•-·- +-r CJu +:J U')-c
0 c
L QlC...·-(\)f

..s::::: 0•....u..

D
ff
I
II
I!------Ill
II
!!--II
Ica

"'C!)
~



0+c:
0

V) -0
LL l\)z~

Lu
V>c:
0
L+-

--
. .

CX)

°'-0
~
-1-
~-a..
E
0u
~
...0
0
-1-
c:
~
~
V')
~
L
0
LL.

c:

.f; ~
c ~ ~
'C: LIJ LI.."' ..Cl)0 0
"iii ~ r!
- Ill Ill
.9: -= =
• • D

I I I I .-_J ·li · <I. ~-1 I ~
0 0 0 0 0 0 -
0 0 0 0 0 0m m ~ w ~ ~

siuaw6as JO J&QWON

c
I!
I
II
I------~
II
II..--II
I

:I:
m

I- I&ci:
(..)

~
>-
(/)

o
(/)

LIJ
(/)

co
°'°'-~

0 0 I :es °'N'co
N
OJ.
VI::I
0

"'5

~
H•
H>
CJ)

~
0
II)
w



w-
.

.•.
0
..0
0
"'Cs;
0u
s;
~>
0

s,
0
bca
Ic
0-::>
"'Cc
0

,..... .~
°' >·~~ Iu_
o~,..... .•.
N ~s,
0 0~a...
,..... I

°' ~~ 0~a...
~ ._.•.
V') "'C

cN ·
N 0
I :E
~ .•.-u ·x
~cu ~
~ 0c ~
08

··· :t;Y

I IL_J



•••
o,
::J
01c:·-E
0u
V)
c:
0·-

-. --

•..

-::J .fC.o c:Js:: ·c:J V)+- V)
V) ::J
H~

··'~
·~f.A.>. . ..,~
; . - ....
l"-' ·:~

-,·,
·..

...

.fC
::J
0
L::J
0

~

...

s::::
0
+c+V>
+ucc..
E
0u
-c
V')
w
..s::::+-
~

e
!!
I
II
ll------Ill
II
!!--II
Icatn

(!)•

co
°'°'.•...•
~
:E
°'NIco
N
~
VI:::7
..2

1-4
1-4>
IJ)
3:
0
V)
w



0u·-..c:
a..
0
Len
0
(.\)en

(.\)en
0
L
(\)
>0u

_.,.,) I
II
I

···~:..

------Ill
II
H--II
Im

"'e
(fl

enc
0·--t-a
-Ien
c
01·-"L0u,
°'••••._
enc
0·--t-a
-Ien

- co
0\
0\-l
0\
N
Ico
N
oi
II)::J
0
"5
~
lo-4

~
~
~
0
Cl)
w

".cI-
..,.,. ·,j·.·:

'ir.. :
/
..':

Clco
I

Cl
N
+

Cl 0
Cl N+., : i ·1

: =~·



CX)

°'V>+s::
l\)
>
~

s::·-0
E

Lo,
-c
0
(V)

...

u·-L+
~
E
0
L
~'+L
~c
L
0'+-

...

,,
c
0
0e,,,
c
0

~
0
E
L

~
c·-

>--0+-
••••c
0c
0\·-0
LL

c
H
I
II
I------ijl
II
!!--II
Im

"'(!){t;



01s:::·-

s:::·-0
:E

+
V)
CJ

..
~cs
E·-L:::sw

"""'

'4-0
L
0-ccs:::suw

.
c·-E
0
~
an

• • • •

c
H
I
II
I------Ill
II
II..--II
Imtn

(!)

0

CX>

°'°'-I
°'NI
CX>
N
Cl)
V)::J
0:;
~
•....•....
>
c.!>
3=
0
II)w



-0
(\)
Vl
Vl:::Ju
Vl·--0
(\)
...0
0+-
Vlu·-c..
0
I-

.'
.'•••>L••••(\)
E
0
L
(\)

"IL
(\)
••••c
1-1
s:
••••·-
~

enc
0·-••••a••••en
(\)-..ca
••••
L
0c..

c:nc·-••••(\)
(\)

E
CJ)
~

0
\/)w

.'

••••ena
.'a 6> L.•.. :I 0a en6> -c en 6>

~ ·- -.•. ·-.•.. ., a. ,.... ..c
= ~ c' ·· o6> . '" ·- en Eu c.. ~' .•..cc ·• :::s •• en o·- (\) (\) \/) (\) :== s:en -c en enLL L ....--+-

·- c a 6> a ·-en ~ ·- L Z ..,_..,_~
+- -c E tU c en ·~
~ 'L o > "I- ·- .r:. t; :
E ouoo .••.•.••. (\)(\)

~ U v._ LU
6> ., ~ E ~ ., 5 ~ 6> c .
~ en en 0 ·- en en -t- .2 en
W •••• C •- (\) ••••::J •••• A\ c - C:c c 0 .••..,, c..+- c w ·- c.. 0
u tU :+: a c •t: a a g c:nE ·a> a+- a u+--t-"1- co en6> ..,_ en f- en .,, L L ·- u ..2
.s a. .,, ~ .,, 5 (Y)o &. : ~ ~ gs-c •...•6>cL EcLNo
:EV)<Y>ZNl-~1-11-1CJ>>~

-

• • • • • • • • • • • •

e
!!
I
II
ll-----m
II
u--II
Im

"'(!)
~

CX>

°'°'-l
°'NI
CX>
N

o.>.
Ill::J
0:;
~
1-1
1-1>
c.!>;:
0
I/)
w



c
V) +- I!

Is:: s:: II
I-0 l\) -----·- E gi+- II
HCl Ol --II+- l\) IcoV) V) tn

(!)c: -0
~.Ql s::

(\) ::J
L 0 +-
0 L 0alu, Ol mz

~ (\) .,, 1-1
a> a...c >-S: U)

0 +- ~aw.r:.'S:: 'I u~
I U)

0 0 cw·- a+- V) a>
0 L ...,
z l\)

c:
(\) +- co

°'°'..C L ...•
>-
CJf- g_ :.E
°'NIco
N
Ill
VI:::J
...2:::J
{:.

WI I;-
II)w



!!
I
II
I------11;
II
!!•••
II
Icu

"'CD(}



- i3 ~.s ""O

·~
""O 5 ·~ r::- -u r-
V) ]~ O'I
M t; ~ J 0- ..._,

O'I c t ·~
~

tn - -
& 8~ °'i 0 N

CZl
~ ~ d-. I

~
Q) O'I

~ 0
~ ] .~ 8 ~ ·a]~ .s ~- U.J .~&-~ f ·- § o c:!, c,

~

tn ·itn I J-~ .5 :~ ·a I& ~ SJs d?j

Ic 8 o ·~ .E ·-
~

·- i :1 ~I§ 0 ·- .j ~.•..• 's CZl d?j a:i u
-~ ~~ ~ -]. 5 ]

~ £ I.•..• :E
ffi ffi ~

~ ca
~ 8.5 ~

I tn ~]d?j - i] ~
~

~~ ~- 8 a ~ ~ i~ ~ ~~~ ·- 00 - r:/)

tn tn ~
tn tn tn tn tn tn en

~
en

~
~ ~

tn
~ ~ ~ ~ ~ ~ ~-~ ~ ~ ~ -s

00 000 M M V) V) M -c -c V) V) V) V) V) V)
M M - - M M M M M M

- - - ~ ~
M s. s. V) V) V) V) V)

O'I O'I O'I O'I iO'I ~ O'I O'I O'I ~i & ~ ~ & ~
fr ~

~

I

~
I I

~ ~ ~:3
~

~
r:/) < <~ V) I

~ ~
I 0 I I r-!.. I I r-!.. ~00 M 00 - N - s M- N N - N - N N - N -

"2' -c-
0 0
.fi .fi
·~

i
·~

8 .i 8
-I>, .i >., .i~

·~ i
0.

~
·~

·~......_ ......_

j ..c @, 0. ~ ..c 0.

~

0 ·~ .,.!..

~

.Q ·~·~ .•...
~

·~
~ ~ 8

~

13 ~
~

§-
·~

~

~
~ ·- I

~
I-r ·- ·-<.._;.. .•... - .•..•

::: -
~ :B ~ ~

..._,
~

- "E.s
~

8 8 ~ ij 8~ - N r:/) ~ ~
< = ~ u Q ~ ~ ~ e ~ -e < -e

~

.~
~--
~
II
tn

~
00<o-.~~
~-0
V)

II

~
V)
M. ~
.~ I!
~ I
M II
'-:::t •II --i ----Iii
M a

~

II..
=II
Icu

"'(!)0

-- ---- -- ----------------- --



0..,.
+

0
N
+

\

II;
n
!!
"'•
II
I

<Utn
C!)

~

J

!
I
II•------



. '.... . . "" .. ,..-~.
0
N
+

0
0
+

0
(\J
I

...

I
I
II
II

---[I;
11
!!-Ii
II
Icuen

(!)

~

J



II
I
II
I------!Iiu
!!

..·::....



',....·l·,·
;f.

'.0
"'+

r ,
.: ..

~ 7

I
I
II
II------iii
n
!!:
II
Icu

"'(!)a



'
t1
\J•••••t
~

~ 'o~ ~

.=:: ''<6 ~
~

6'o<6

~

<o<6
so<6

~

l'o<6
'o<6
''-%-
6'o-%'

~

<o-%'
s°-%-

••••• l'o-%'

-G
'o-%-
''s6
6'os6-;: <0s6
s0s6

~

l'os6
'Os6

Qj

''"rs e
6'o"rs ·-~

~
<o"rs =So'!; =

~
...•-!b"rs ...•
VJ.,.... ·-'o"rl =~ O'••••• ''l'e (J

<-~ 6oe-6

~
<0[>6 I!
S0[>6 I

~ ' II
II

'-> 'ol'e --
''r?6 -

~

--6or?6 -Iii
~

<or?6 u
sor?6 !!-l'or?6 •

~

II
'or?6 I
,,,6 cu

..• '; '~.....• ·-- - 6'o,6 "'..

~ ~ ~ m ~ ~ ~ ~
o <o,6 (!)

.•.... .•....

~• sauraij jo .1aqwnN



co
O>
.0

r-, Q)
O> LL

>0
z ""'"O>

O>
r-, ::J
O> ~
>.cu
~ ""'"O>

.0co Q)
O> LL

>0z co
O>

.0
LO Q)
O> LL

>0Z LO
O>
O>

LO ::J
O> ~

N
>0oz

0;
~,g
ro
0
ro
E
Q)

Q) £
"- +J:J c== Q)
~ E

~i
._. C>
I c
Cl 0- ....J
M~
O> O>
0 0
Q) Q)oo
fl)
Q)

0z

I!
I
II
II----•-Iiia
!!:
II
rco

"'e
~



~
r - c/l ......, ~

Q) s <s \...S o ""' .·-c: ;J - ~ c~ ~ -~i '- a
~:a>E~-+a> /; ~·co 0 ~ oo<C£O..

~ ~en <(COULLZOO.. a
~i::: I I I I I I I // ~ns :::::e - ~

_,.,- .._ ' o:
·- (5;••••• %c a::::s
an <%;en o:..•.....>. s:ns

~:!! a
E &%0 ()

••• co••••• /; 0)

~ %; .Ia U')
0 / 0)
C> .

~ rnQ) (5"' .c:••••• ....,ns
~

c
0 0
••• (5"' E
Q)

<~fl)
::::> (5"'

>. .c.c ~
fl) (5"'

••••• &c
~Q) (5"' I!

E I
/; IIC> ~ IQ) (5"' --tn -/ -
~ -0:: -

<(
o: ~

utn
~

!!-N illo: IIItn <~
I

0:: «Jw a "'s: (!)0 0 0 0 0 0 0 ~
0 0 0 0 0 0 ()

~

N 0 co <O ~ N
T""" T"""

sluaw6as ~vs :io ·oN



- 0 V) 0 0\MNV'lV'lO'l-.::r-OM-N
-.::t°M\00-o-.::t"-.::t'-.::t°O\
oo-OOV'lOOooOOOOOM
-.::t'~V'l-MM~NNV'l

t:
<I)!:! ti) ::9

·- ~ .5 <
"'O i.. 00 IC:...,00<1)
·- rn ·- (.)-::s.,..c:.s <I) e"' •-~zo~

!
I
II•------Iii
H
II..-IllII
Icu

"'e
~



~
;;>... .~

• • OJ) ••••
~ 0 c
~ - ~\

~ 0 -
~ ~ ] ~
~ ~ ~ ~
~ - - '-<1) c.... -~
~ ~ 0 ~
~- _... Cl) I

;:s;: Cl) d - <:
- Cl) <1)u 0 "'O ·- ..._~,..,... - c:: - -

~ ~ d § ~
<1) -J <!::: ~ i,....... Q.. "' [.,., I

~ ~ 0 N <U """-'I
•.••.• <1) ....._ ..c::

~ Cl) ~ •.•- - -00 ~ e E-- ~~ J:i Cl)

~ a .~ < ·a~ o:: ~
~ ~ d < c,~ u.:i ·c
r""r"., S:: o.. ... o Cl) .D
jlllllC • - E ~ .- "'O .;; -00 s,. d ~ .!:::: e ·- o~ ;:s;: u ~ <1) d ~ <1)
Ii-' :i.... "' u.:i E CJ') o .O'

I'°">. CJ')~ oc: ::s -
0 ~ e ~ •o en c,

~ 0 "' O·- 0 ~
r""r"1 ~ ·.;::: ..c:: Cf: ~ - \..J
jlllllC '"' I'\ d ~ Q) - d \:$

~ - -Cl) ~ C'\

'- ~ ~ ~ .5 "'O u ~
~ ~ § <1) 5§ t) ~~c e "'O t;=.i o ::s """·- - - ~rl'\ 0 :;;.... - OJ) ~
\I.I.. u ·- ;;;>- 0 0 \:$ ~....•
. , - 0 c:: - ~-~ ~ d "'O E-- <1) 0.. ~ vs 5
0 ~ E C:: ..c:: 0 ,.,no · : >

~ d uf fa ~- %0 ~ ~ ~ a 0 t?J> ·oo.~ ~~~ ~ - e ~~ a 5 a CJ')~
~ '"'" "'O a ...,., - ~ - c:: •..-..; c:: •.. "-' d 0 CJ')

~
s:: d z a>,., c:: <1) <1) - • - <1)
·- "-' td - - - CJ')~ ~ ro o:: ro ..c:: e, o~ ro·0

r""r"1 S:: ~ ~ <( ~ ~ E E o .~ i- I
jlllllC ~ C:: "'O ~ > 0 ro o tr: Q..o I
Z Cl'j ·- o: ~ O ~ 0:: •.. c..~ 11> "'I.; uc ~ ~ d •

~ ;;;>- 0:: E-- r- 0 §0.. c::v) -
~ ~ <1) u.:i ~ - -c:: <1) ·-J:i 0 e :
\..,I 'J' c:: i- "'I.; ro ~ CJ')~ o •
~ CJ') • - 0 ~ CJ') <1) OJ) CJ')•••••• CJ') CJ') •~ ~ ~ ~ - c= "'O > ~ .~ ·-s- o CJ') i~ o en CJ') > - c:: c:: • • - i- ev ooo

~ "'O ee i- z .~ ro ·- ~ c:: - ·-r- ro- JI~ e c:o <1) "';; - -J - s:: 0 <1) .:::: ~ o...c !!
-~ ·- ~ u.:i c:: ::s o.. ,p ·- ·- E ::s - ""'::: "'~ > u ...,, o a ··- ...._ CJ') o ~- .-....> •
:i.... ;;;>- ·c e C/) ·.;::: a 0 § <1) s:: .~ '""' ~.DE ~ •••. II
~'""'a) d C:: Q..~ o 0u C) e~<( ;;>-CJ') I~ cB 8 a .9 o ~ o CJ')~ '""' ~·z->o '"

0 0.. CJ') .D '""' 0 o '""' ~ u: £ t:.ll ,...0 "V6' ~ ~ 0 .~ <1) ~ ~ :0 ~ ~ ~ ~ . ·<"' ~-5 "'...._u ~ ·- E ~ ::::> ro.- ~ . . ~< ;;;.....CJ') (!)
e-, o: ~ "-a > u > a ::: o ~ ~ Ci5 ·-o e o~ u.:i - ::s •••. d •••. <1) ~"' - :i.... <1) - td - ~·
f=\ 0 ~ Cl ~ c:o ~ ~ ~ ~ r~ Z ~ §Z e·5
~ . . . . . . . . ~ . . . . .



••
~u
00
~
Q

I!
I
II
I----•
JI;
u
!!
••
II
Icu

ti)
(!)

~



lla
II..
••
II
Icu

"'...(!)
a

I

~

.s::::.
i6 ..s::::
:?; i6
u» :?;s c.n
0 G)="'Ctt1·-
z3(/)a:
a:a:-c.n<(<(a: l-

a: CI: CI: (/) c.nLU<((/)a: (/)<( z <( <( ~ <(
~~~c.n>ll')t-1-l-l-,....,....i6<(4:<(<(
-r:- ":' ":' r.r".n ~ (/) ~ ~ ~
(/)tJ')(/)a:a:-g>>>>
a:a:a:LJ.JLUtt1ZZZZ
UJUJUJ-,-,....JUJLJ.JUJUJ

I
I
II
II

--•



c·-"' •c aCD asen Q
CD •0 E

0E .c
CD "'~ it:
i( wen •w

a.~·.fal
~••~T.- -· . '~

en
CDac.s
.5
~

l'u::s
~
0•••~

• c
(/)c ';
(/)::::_c c

"'
:E 0 CD

~ b
.•.. en
G>

Cl) c CD

z z € -0- 0 lU E
0 Cl w:c CD

• • ~

\\
I!
I
II
I------~
u
II..-••II
Icu,.tn

(!)
':"l!;u••



~.~t!
~

~~
==I
~
~

o 111111 ~:i:::
~
~
:i:::
()
:i:::
.~.•..•
'3
~
~
~
()

~•...
~
~
'3
.§
<»~..•
:i:::
()

-'<I,)
t3

~
<..>•...~..,
t'l

j I
ti);t
~

~
<11

~
~ ·i:
~ ~I;;,
Q,)

~J I E
Q,) 0 ~E ..c .•..•

0

8~
....•
&,

..,

I- ~
()

f: Q,) ....•

~<
ti)

Cl s
<..> <11- v: :::i..,
~ ~ <11;:..

Q,) 0
..()

..c '3
;..! <114:
0 ....•
;..! :i:::

0
-'<

G- I -6c
Q)
Oi
<(
Q)

;:..,,U
.D co
"'O 0..
(]) ({)

~ f5
0 Q)
•....0..o..o
(]) •....
o :i·~ w
(]) (])
({) s:.•....

-
I

~i fl) "'

~ E ~j
Q,) 'ii ~ -= IllE i:i < Hfll

~~ti
·~~":.=
<C••••••

I!
I
II
II------



~ ·~.§ u]r 0 0 •• ii.~ rl.l~ ·2 ii.,, •• ~
lo"i >. a .5 1ij .g ~ CV
.lj '§.o~~< <!~~t rt-s-ll~ ::o&l ~ gj~.., ., • § I I111ta"'"' u :;;en
" ~.c·~-•·U-Ji <: -~
~ Jl ~ ffl ~~1181;I ~-~"'so ~ :;;~.;! ~ u ~ -9 I_I
~ g.JJ ~ -s 'lj 5 :e l;j &1

....,.,u"-'" a'.a'.I: ....,::itis0 .•..•~ ._ewwj _q !?~j 'iJ -'m'
I'll a~o Lllln>. > µ:i., rl.l Lll-

.,
';I 6 - "' <:I o-

I!

a : "Bo..s .... NN.,-eg ~· "f II

p:; I

Ci. E ~ ~-ll-" ·~" ~ ;;;;;;
.I

< j u :lr• -ll < .s ':l a: a:

II

111U,.DO
V')~ al WW

J II

- ::l~ .-..J

U) ~· • "~~~i§ ~~ ~

--"'~ -
z &! "'~-~""'~

-.~I--
s_. ... .;>1ii"" ---

-
H "' ~~-"- !" •l!Jil·······!if

ll

~ t-"•"'"-" - ···········!
J n

o ti!"".,, .,. I
Ql.'!!~ikl~" ~

II

Q 5uO. ~ ~ ..C::

..

.•.• cu>ei' u- "'i .e-~~~~e- giCu~oo.S~ I'll

QI.:; c:C:~U §~ .E 0 ::l .g ._g la ..._.U'utUUl ~

~ ~-~H-ll~ ~1]uc:"'iiai .,·

-·~'--· -·-..••~- ct- rl.l ii "6 8 ~ .~ ~ u i-'-- ..-..ca. . . u "' ~;..--!'..._..._....._ ..._._,,.~=·..-~ ~-s=:-:::e,.....att: -.-....:t---~41..-..~.•.s:a •• , -·· -- •#·.....•.--



Sea and Space

Welcome to Sea and Space

Venezia (Venice) - city in the sea.

The work of participants will eventually be
featured here.

About

Sea & Space National Contact Addresses
National Brochures

Participants
[Joining] [Bulletin Board]

Remote Sensing
[lessons & exercises]

Navigation
[lessons& exercises] [fieldwork]

Water. Water. Everywhere!
Oceans of Water

CONTEST

Glossary
FAQs & Links

A Brief Introduction to Sea & Space

Sea & Space International Steering Committee

Press Release about Sea & Space

NOTICES

Webmaster
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_.
ERS National and Foreign

Stations
Operators Working Group

ESOWG-7
Toulouse, France

28-29 May 1998

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

.RS Ground Systems Overview

• Gatineau Satellite Station
Cantley, Quebec

• Prince Albert Satellite Station
Prince Albert, Saskatchewan

• Satellite Acquisition Services
Ottawa, Ontario

~-------~·- -----~

CANADA CENTRE FOR REMOTE SENSING
Datll Acquisition Division
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_, GatineauSatellite Station

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

_.Gatineau Satellite Station
• Established in 1985 for SPOT data reception.

• Full Eastern and Central Canada coverage.

• Primary reception, archiving and processing
facility for ERS SAR data.

• Archiving facility for RADARSAT data.

1--------------~ ----- - -- ----------
~------------------~

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division
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«ince AlbertSatelliteStation

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Divi&ion

-rince AlbertSatelliteStation
• Established in 1972 for ERTS (Landsat) data
reception, processing and archiving.

• SPOT capability added in 1986.

• Provides full Western and Central Canada
coverage.

• Primary Reception and Archive facility for
Landsat, SPOT and NOAA AVHRR data.

--

CANADA CENTRE FOR REMOTE SENSING
Oar. Acquisition Division



~'1/1'Station Covera

CANADA CENTRE FOR REMOTE SENSING
DaraAcquisition Division

CANADA CENTRE FOR REMOTE SENSING
DaraAcquisition Division



-tellite Acquisition Services

• Established in 1985 to co-ordinate operations
of Prince Albert and Gatineau Receiving
Stations.

• Provides a single interface between CCRS
and Satellite Operators - CSA, ESA, SPOT
IMAGE S.A. and EOSAT.

• Provides order desk for ERS SAR non
commercial products.

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

""" Satellite Data Received

• ERS-1 2' Real-Time SAR & LBR

• RADARSAT-1

• SPOT-1 2 4' '
• LANDSAT-5

•NOAA

Real-Time, Play-Back

Real-Time

Real-Time

Real-Time

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division



Satellite Timetable

RADARSAT-L .....•.....

2100 0100 0500

ERS-1,2_.• .• .•__---· .•_

LANDSA T-5.~-----~-----~-----~---__

0500 0900 1300 1700

UTC

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

-round SystemOperations
Prince Albert Gatineau
Data Reception
RADARSAT
SPOT
LANDSAT-5
ERS SAR
ERS LBR (ESA)
NOAAAVHRR

Ottawa

SASArchive
SPOT

::~SAT-------· CCRSO!rder[)(!!lk

Clients
CSA
RSI
SICORP
ESA Gov't Users
Eurimage
SPOT lmaae

RADARSAT,ERS SAR
NOAA AVHRR Products

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

Data Reception
RADARSAT
SPOT
LANDSAT-5
ERS SAR
ERS LBR (ESA)

Archive
RADARSAT
ERS SAR

ERS Processing
SAR
LBR (ESA Contract)

Satellite Operators
CSA
SPOT IMAGE SA
ESA
EOSAT.NOAA



_. Data Processing
• ERS Low Bit-Rate Processing

• ESA-owned FDPC system

• Quick-Look processing
• FASTSCAN for RADARSAT
• SQUIS for SPOT
• CHIP for LANDSAT

• Scene Processing
• SARDPF for ERS
• GSARS/GTS for ERS ...coming soon!

I' ('CANADA CENTRE FOR REMOTE SENSING _, ~1r1~1c_~1
Data Acquisition Division Hlitural Resoun:iu Can•<»

ERS Data Flow

EEC~E~scati 1---------:
' ,@]' --------+---------~=~~R

-------------- Data Europe~----------- ~-----1-·~:::.RowLBROota
Raw SAR Data Raw SAR OitaRaw Data

Art:hive-t--r-r-

SAR /TN
AES CISProduds

I ARFDProducts

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division



f/l'ERS Data & Pro~~~t••1:.,~~~'"'
~) ERSLBR. !ll>,,L:~'; toESAPAFs0 I -FDPC. -. ,-

~~
Hi-Rate ,
Low-Rate • .O.•

ERS LBR

\
"<.6iiidit:0

• y to European Space Agency
t ••o.•

ANIK E2

to Clients

~~ ~/ERS Ar . e
DTN ti Hi-Rate • ..0.•- ~ .:·.. •

/
•,,o,,.--·=~

~
from Prince Albert Hi-Rate • 0

Low-Rate " "

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

DTN Receiv
Equipm

• C-Band Receivers
• Demodulators
• Redundant systems
• Remote control from Allan

Park, Ontario
• $300/hr link cost
• Installed & maintained by
Telesat Canada

CANADA CENTRE FOR REMOTE SENSING
Datll Acquisition Division



igital Transfer Network

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

CCRS Operations
• Reception and Archiving of raw SPOT HRV
data.

• Reception and Archiving of raw LANOSAT TM
and MSS data.

• Reception, Archiving and Processing of raw
ERS SAR data.

CmrnclTi
Nalu,.1 ReaourcH C11\1C11

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division



~~CRS Operations (cont'd)
• Support RSI in the commercial exploitation of
Remote Sensing with the acquisition of raw
SPOT and Landsat data and the acquisition
and processing of ERS SAR data.

• Reception and Dissemination to SICORP of
raw SPOT HRV data acquired over the U.S.
(SICORP Contract).

• Provide Eurimage, SPOT Image and SICORP
with ESA SAR Data products of North America.

CANADA CENTRE FOR REMOTE SENSING
DamAcquisition Division N•t1.1r111RHoure.s C•MGa

r/l'ccRS Operations (cont'd)

• Reception, processing and dissemination to
ESA of ERS LBR data.

• Reception and Archiving of RADARSAT data
(CSA).

• Operation of RADARSAT Calibration
Transponders (CSA).

• Launch support services to CNES

CANADA CENTRE FOR REMOTE SENSING
Dam Acquisition Division

---



"'~Other CCRS Operations
~unch Support Services to CNES

• ARIANE Launch Vehicle S-Band Telemetry
• ARIANE V59 September '93
• ARIANE V72 (ERS-2) April '95
• ARIANE V75 July '95
• ARIANE V107 (SPOT -4) March '98

• Satellite LEOP S-Band Telemetry
• SPOT-3 September '93
• HELIOS-1A July '95
• SPOT -4 March '98

• Agreements with CNES/CST and CNES/CSG in
place for continued launch support operations.

---- -- ---- ----

I--- --·-----
I' ,•.,
-~lIJ.~lC.!.~l
Natu111tAe.ource1Canad.a

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

~997 AcquisitionStatistics
Successful Losses Due to .. Station

Satellite Acquisitions Stations Satellite Conflict SAS Success
ERS-1 SAR 2 0 0 0 0 100.00%
ERS-1 LBR 74 0 3 0 0 100.00%
ERS-2SAR 1,445 2 19 0 0 99.86%
ERS-2 LBR 1,247 2 3 0 0 99.84%
RADARSATRT 2,640 2 105 0 1 99.93%
RADARSATPB 1,178 0 47 0 1 100.00%
LANDSAT-5 966 1 5 1 1 99.90%
SPOT-2CDN 840 0 31 0 0 100.00%
SPOT-2US 887 0 33 0 0 100.00%
NOAA-14 1,304 2 0 0 0 99.85%
TOTAL 10,583 9 246 1 3 99.92%

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division
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fl'l.998 Acquisition Statistics
First Quarter

Successful Losses Due to .. I Station
Satellite Ac uisitions Stations Satellite Conflict SAS , Success
ERS-1 SAR 0 0 0 0 0
ERS-1 LBR 15 0 3 0 0 100.00%
ERS-2 SAR 276 2 0 0 0 99.28%
ERS-2 LBR 307 0 0 0 0 100.00%
RADARSAT RT 554 0 19 0 0 100.00%
RADARSAT PB 292 0 10 0 0 100.00%
LANDSAT-5 76 0 2 0 1 100.00%
SPOT-2 CON 52 0 1 0 0 100.00%
SPOT-2 US 218 0 0 0 0 100.00%
NOAA-14 150 1 0 0 0 99.34%
TOTAL 1,940 I 3 35 0 1 99.85%

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

~ombined Reception at Prince
Albert and Gatineau Stations

4000 r--T---1

3500t-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--I

~~
~3000t-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--I
.~
szsoo+------lr-~~~~~~~~~~~~~--<:e
0 2000t---.-

r1-l·:o
li 1500+--
~.i 1000+--

RadarsatRTRadarsatPB LandHt 5 SPOT-2 SPOT--3 ERS-1 ERS-2 JERS-1 NOAA

01995 01996 01997

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division



>.
~ombined Receptionfor Prince

Albert and Gatineau Stations

CANADA CENTRE FOR REMOTE SENSING
D•lll Acquismon Division

~ ERS-1&2
.- SAR Reception and Processing

Omits Received 1996 1997 1998Q1
PASS 1575 698 112
GSS 961 728 162
Total 2536 1426 274

Scenes Processed 1996 1997 1998Q1
RSI 150 130 43
E!Ximage
ESAPl's
Paying Gov't
CCRS Internal
Ice Centre

115
6

438
520

9
0
0
16
42

224
27
319
1006

Total 1726 1209 110

DatatoESA 1997 1998Q11996
No. of Oilits Copied 257141 44

I-- -------·-
------------

CANADA CENTRE FOR REMOTE SENSING
0.111Acquismon Division

''I •.,~Elil~lC. ..fa
Nlltural RelOUJCea C.n.11111



-98 QI ERS SARProduction

Satellite RAW SGF SLC MLD ITN Total

ERS-1 19 17 0 0 0 36

ERS-2 29 0 3 0 42 74

Total 48 17 3 0 42 110

RAW - Raw signal data
SGF - Fine resolution (25m), Geo-referenced
SLC - SingleLook Complex
MLD - Multi-Look Detected
ITN - Image Transfer Network to Ice Centre - T1 Link

Coarse resolution (100 m), Geo-referenced

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

-97 ERSSARProduction
Satellite RAW SGF SLC MLD ITN Total

ERS-1 119 10 1 39 0 169
ERS-2 355 9 1 155 520 1040

Total 474 19 2 194 520 1209

RAW - Raw signal data
SGF - Fine resolution (25m), Geo-referenced
SLC - SingleLook Complex
MLD - Multi-Look Detected
ITN - Image Transfer Network to Ice Centre - T1 Link

Coarse resolution (100 m), Geo-referenced

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

I••,:1C.~!
c•• c.n1aa

:1cl8
CHClil'llda

NatunitRuource

C'.WE
N1tunil R1source1



-96 ERSSARProduction

Satellite RAW SGF SLC MLD ITN Total

ERS-1 302 98 1 195 857 1453
ERS-2 156 32 0 50 149 387

Total 458 130 1 245 1oos I 1840

RAW - Raw signal data
SGF - Fine resolution (25m), Geo-referenced
SLC - Single Look Complex
MLD - Multi-Look Detected
ITN - Image Transfer Network to Ice Centre - T1 Link
_________C<?arseresolution (100 m), Geo-referenced

----------- --- ---

CANADA CENTRE FOR REMOTE SENSING
Dara Acquisition Division

rJll!anadian Commercial Product
Distribution

• RADARSAT International, Inc.
• Processing and Distribution

•SPOT
•LANDSAT
• RADARSAT (RSI CDPF plus Globally)

• Distribution (CCRS Processing)
• ERS SAR

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division



ERS-1 & 2
Data Distribution

North American Commercial
Users: RSI, Eurimage,
SPOT Image.

Canadian AO Users

Data Archive
Canadian Gov't Users

---··-----
---

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

_.ERS SARMarketingandSales

RADARSAT International Inc. (RSI)

----~--·-------
----- --------- ---- - ---··-----···

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division



_.ERS-1 & 2 Status Update
• ERS-2 SAR Reception, Archiving and
Processing continued from termination of tandem
mode.

• ERS-2 operations for ice monitoring continue at
reduced level following RADARSAT
commissioning.

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

~ ERS-1&2
..,,,- SAR Data Distribution

• CCRS responsible for distribution of all data
received at GSS and PASS for National and
Canadian AO users.

• CCRS in conjunction with ESA, responsible
for distribution of Canadian data to ESA AO
Pl's.

~ --------

c~nrncffi
Heturwt Auourc.ea Can.1dl

CANADA CENTRE FOR REMOTE SENSING
Dalli Acquisition Division



ERS-1 & 2
Data Distribution (cont'd)

• CCRS has an arrangement with RADARSAT
International Inc. for the distribution of
Canadian data to commercial users.

• Under the authority of ESA, CCRS provides
North America ERS SAR Data Products to
RSI, SPOT Image and Eurimage for
commercial marketing and distribution.

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

CCRS Archive Operations Status

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

CmHiC!Tt
NaluflllRuourcea C•n•cla
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>.

-nadian EarthObservation
Data Archive

DATA HOLDINGS
Data Volume in Terabytes

Mission Period HDDT Optical D1 Total

LANDSAT MSS 1972-1998 27 0 0 27
LANDSAT TM 1982-1998 15 47 0 62
NOAA AVHRR 1983-1998 2 0 0 2
SPOT 1986-1998 1 21 5 27
ERS-1/2 SAR 1991-1998 0 70 4 74
RADAR SAT 1996-1998 0 34 0 34
SEA SAT 1979 1 0 0 1
MOS-1/1b 1988-1993 1 0 0 1
JERS-1 1992-1996 0 2 0 2
Total 47 174 9 230

I' I •••CANADA CENTRE FOR REMOTE SENSING __, E!Il El C...El
D•lll Acquisition Division N•tu111I RHOUl'CH C•Nldl

_.Archive OperationsStatus
• SONY 01

• 96 Gigabyte Cassettes
• 1/5 the cost/Gigabyte compared to Optical
• 1/0 Rate exceeds all satellite downlink rates

• Large supportable installed base world-wide

• Migration of all data on Optical Tape to SONY
01 magnetic media starts May 1, 1998

CANADA CENTRE FOR REMOTE SENSING
Dalll Acquisition Division



SATS
Serial Archive

Transcription System

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

,, .,...
~ Elll £! c_ ~l
Na1u,..1Re110urce1Canada



CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division

:>..

_. Metrum HD96 rec~~ TS
Real-time sync detector

SONY 01 recorder

CREO optical recorder

PC controller
---------------------- -------- -

_.I Archive TranscriptionSystem
(H096-CREO-SONY 01)

_DATA/CLOCK I
DATA/CLOCK 'HD96 01

;
• RECORDER ·+-;

i PATCH_J '---······-··~··---··-····-· ----·-··

i PANEL
;

'i
----··----·····-·-·-··-··-···

DATA/CLOCK I REAL TIME
CREO SYNC

DETECTOR----------- !
J

~ DUBBINGSTA~ON ,,
I CONTROLLER

CANADA CENTRE FOR REMOTE SENSING Cwrnclti
D•ta Acquisition Division N1tunil R1.ouree1 Canida
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«I TapeArchivingProgram

• All data from Optical Satellites are archived at
Prince Albert.

• All data from SAR satellites is archived at
Gatineau.

• Archiving involves copying the original data
from HOOTand CREO/ICI optical media to
SONY 01 media.

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

_.Archive Storage-History
• 1972 to 1982 - Magnetic Tape Recorders

• Ampex FR1928 (LANDSAT)

• 1982 to 1992 - Magnetic Tape Recorders
• Honeywell HD96, HD96e

• 1992 to 1998 - CREO Optical Tape Recorder
• Optical Media no longer available

• 1998 onwards - SONY 01 media
• 1/5 the cost of CREO media>-------- - ·-------~-----

--- ------ --- -

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division
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_. Recent Developments

• GSAR - Workstation SAR processor for ERS

• GTS - Generic Transcription System

• SATS - Serial Archive Transcription System

• Major upgrade of older 10-meter Gatineau
Antenna System

• Real-Time Sync Detector - RTSD
-·----·---

----------

CANADA CENTRE FOR REMOTE SENSING
D•r. Acquisition Division

GSAR
• Workstation SAR processor

• Based on Atlantis Scientific Advanced Precision
Processor (APP) software

• Silicon Graphics "Octane" Processor
• CDROM, Exabyte, FTP products
• 35 minutes per full-resolution product

CANADA CENTRE FOR REMOTE SENSING
D•r. Acquisition Division
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f#'neric TranscriptionSystem
GTS

• Features
• PC IWin NT system using RAID technology
• Multi-mission functionality- ERS, LANDSAT, SPOT...
• Real-time ingest of ERS downlink data from (currently
1/2 real-time)

• Generates RAW CEOS Level 0 products on Exabyte
and CD-ROM

• Serves as front end to GSAR workstation processor

I --

r' 'I.'' 'I r/~11~ !....!.1 :;., __ :;.,
Natunit R•IOUl"Cel C•n1cu1

CANADA CENTRE FOR REMOTE SENSING
Data AcquisWon Division

•'~~'--,»".""'\

Cwrncffi
N1tur11IRHoure.1 C1n1da

CANADA CENTRE FOR REMOTE SENSING
Data Acquls/Uon Division
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~ew ERS ProcessingSystem

HDDT, 01, CREO
-----> RAW Products:

-Exabyte
-CD-ROM
-FTP

-------->

1OOMbps Ethernet

-----> Scene Products:
-Exabyte
-CD-ROM
-FTP

'' ....
~EL~~!iC!~l
N•tural RelOUrc:.I C1nao.

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

SARDPF-old

CANADA CENTRE FOR REMOTE SENSING
Datll Acquisition Division



SARDPF - new!

CANADA CENTRE FOR REMOTE SENSING
DataAcquis/Uon Division

Digital Browse
• LANDSAT and SPOT

• Imagery available on CCRS WWW Server October 1st, 1995
• 1991 to present available

• NOAAAVHRR
• Imagery available on CCRS WWW Server April 1, 1996
• 1991 to present available

• RADARSAT coming soon

C~1ri~lcl8
N•lur1tRe1DUret11C1n1lill

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division
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RADARSAT
browse

on the Web
soon!
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D•r. Acquisition Division ~-
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ISAMS

ISAMS = Integrated Satellite Acquisition
Management System

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

~ ISAMS
~utomated Interface

• Satellite Operating Agencies, CCRS Stations -
Programming, Scheduling and Reporting.

• Conflict Resolution
• CCRS Stations I Antennas; User Requests; Satellites

• GUI - Swath Planning
• Multiple Satellites; User Request Overlay

• Order Desk Support
___ •_O_rd_erTracking; Swa!h Plannin~onfli_gtf3~~Q_l_LJ_tiq__n_

--------

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division



/SAMS Phase I
• System Design

-VIV< Based - C, ORACLE, X-Windows Terminals

• RADARSAT Functionality (CDROC)
- Completed December 1994

• Full Functionality
- Completed March, 1996
- Minor Enhancements in Progress

• Co-operative Development
- CCRS & CALIAN Technical Services Ltd.

CANADA CENTRE FOR REMOTE SENSING
Dalll Acqui&mon Division

/SAMS Phase II
• All-satellite, fully integrated system.

• Designed to facilitate all of the SAS
responsibilities from the order entry process
through to the reception/acquisition planning.

• Consolidates all relevant data into a relational
database management system.

CANADA CENTRE FOR REMOTE SENSING
Data Acquismon Division
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~SAMS Phase II (cont'd)
• Involves the generation and conversion of
messages and files for interfaces to the
Satellite Operating Agencies.

• Implementation of Phase II started in April
1997.

• Modifications for new FAS system at SPOT
Image May 1997

• Enhancements for SPOT-4 April 1998 ·-·
I- ·----·-· ---------

''I •.,~~!I~~lC_ fl
Natural Reaou1c.HC1n1a1

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

/SAMS PhaseIII
(CEOSAMS)

• RFP issued in February 1998.

• Proposals received from bidders March 1998.

• Will provide the following functionality:
- Direct interface to CEONet.
- Online Management reporting.
- Users can monitor the status of their own requests.
- More automation and artificial intelligence for better
operations and conflict resolution.

- Increased efficiency and reduced costs.

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division
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~Developments in Progress
Canadian Earth Observation Projects

• CEOArch - online satellite data archive

• CEOCat - catalogue of archives

• CEOSAM - data acquisition management
(ISAMS Upgrade)

• CEOSWAN - station wide area network(T1)

• CEONet - Client interface, online ordering
• http://ceonet.ccrs.nrcan.gc.ca/

CANADA CENTRE FOR REMOTE SENSING
D•lll Acquisition Division

Context
Value Added
Supplier

. ·"'-,~C.:i)
~/vs

Satellite
Operator

Consumer

~

A
'

Inf:a:::ctur~)/ ~
----~

CANADA CENTRE FOR REMOTE SENSING
Dalll Acquisition Division

C~Lf1~iC.1Ti
Nelur•IRH°'·"c.e•C•n•Oll



Systems Context

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

CEOArch Objectives
• To achieve efficient distribution of Canadian
Earth-Observation data by providing on-line
access to the archives

• To archive data in computer readable format

• To reduce station operation, archive storage
and data delivery costs

• To reduce cost and lead-time to upgrade to
new satellites/sensors - modular architecture.

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division



_. Current Data Flow
----·------·-

CCRS VAR Ji,} f-~Ground Stations -.., s

'I High precision and

8 Value-Added

-·[DJ- products

+ USER'SI media -@---+ DESKTOP

I Distributor ~ I Inf
media

~Standard Products media

~TANDARD PRODUCT§ I CUSTOM PRODUCTS I I USERCREATED PRODUCTS I
Week# I Week# I - 2 Week# I -3

-
I' ['"'CANADA CENTRE FOR REMOTE SENSING ~~lI~~!C-~l

D•lll Acquisition Division trotu•.•1 R•M»Un»• C1n1oa

1999 Data Flow

CCRS
Ground Stations

&
Online Archive

DESKTOP USERDistributor or

VAR~

ro
Raw data and CDROM

·-ro-
Processed Data

parameters

· 2 - 6 hours 2 - 12 hours 2 - 24 hours

CANADA CENTRE FOR REMOTE SENSING
D•lll Acquisition Division

'' ·1•••
t_.. an ~!c..~!
NatuNI RelOUfCH C•MOI
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_, CEOArch Functionality
• Initially (1999):

• SPOT-1,2,3
LANDSAT-4,5 TM

• SPOT-4

• Potential:
LANDSAT-7

• ARIES, other Smallsats
ERS
ENVISAT
RADARSAT
SPOI-5

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

f1r1rir1rl~~-- !:,...!.~!:,_,!:~
N•tunil R1aoure111Canacaa

CEOArch
Pre-processor Subsystem

Format
Synchroniser

CEONet

Ephemeris

Ephemeris Archive

Quality
Analysis f-~---+I Catalogue

Generation CEONet

--------.---1-t't Framing

Browse
Generation

Data Archive

Correction
Parameters

Ephemeris
Conversion -

r1 .,••,
~ £lI1 £1C, £1
Nalural Resourees CanaO.

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division



CEOArch
Data Archive Subsystem

~ •
rcruve _L-------rn:J/~~=~~"--+

/

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

SONY
Petasite
data storage

CANADA CENTRE FOR REMOTE SENSING
DataAcquisition Division

__ _,~1 Format
Conversion

Access
Control

From 1
Archive
Management

Network

= Parameters
Archive

Pre-processors

r-1 ·1 •••
~Elil~lC-~l
N1tural RuouteH Cana!)li
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.,ERS SARMarketingandSales

RADARSAT International Inc. (RSI)

r· .f,.'
~ElI1ElC_fl
N1tural RIMH.lfC.liCU\llda

CANADA CENTRE FOR REMOTE SENSING
Data Acquisition Division
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Deutsches Zentrum fUr Luft- und Raumfahrt e.V.

DFD-Neustrelitz: Archived Files (01.04.1998)

MOMSD2 MOMS2P IRS-P3-RAW IRS-P3-MOS IRS-P3-WIFS Small Satellite NAV
-KORONAS-F -GPS
-KORONAS-1 -GLONASS
-APEX
-OKEAN
-PRIRODA
-Airborne

3.110 35.028 2.014 105.858 47.733 17.067 250.270

Files I total

NAV

Small Satellite

IRS-P3-WIFS

IRS-P3-MOS

• I
IRS-P3-RAW

MOMS2P

MOMS D2
J
I

0 50.000 150.000 200.000 250.000 300.000100.000
(

17.04.98 archive_leam nz orchlvedllles
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Deutsches Zentrum tor Luft- und Roumfahrt e.V.

DFD-Neustrelitz: Archived Data (Ql .04.1998>

1.622,8

MOMSD2 MOMS 2P I tRS-P3-RAW I tRS-P3-MOS I lf.fS.P.l-W:IF.5 llS"maJrsatE!llitel' NAV
KORON'AS~F l"GPS
KORONAS-1 "GLONASS
iAPEX
OKEAN
PRIRODA
Airbqrne

642,8byte: 112,8

Gigabyte I total

NAV

Small Satellite

IRS-P3-WIFS

IRS-P3-MOS

IRS-P3-RAW

MOMS2P

MOMS 02:

1400 1600 18000 200 400 800600 1000 1200

17.04.98 archtve_leam nz archlvedllles
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DLR NETWORK and GLOBAL CONNECTIVITY

DLR Net

D. Sundermann DLR-DFD 04/1998
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Deutsche Forschungsansteh tOr Luft- und Raumfahrt e.V.

Distributed Ground Segment for MOMS-2P

GERMANY RUSSIA

ROUTER

I
I
I
I
I
I
I
I
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__ _J

TI & C - telemetry, tracking & command
DTS - data transfer system
GSOC - German Space Operation Center
ZUP - Zentre Upvawlenie

Poljota
(flight control center)

DTS
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SPOT-XS image extract of Schouwen-Duiveland island, Netherlands acquired by
RAPIDS on 19thMarch 1998. Processed by QOPT, ©SPOT 1998

ERS SAR image extract of Schouwen-Duiveland island, Netherlands acquired by
RAPIDS on 291Ji December 1997. Processed by QSAR, e ESA 1997
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