
From Terra and Aqua
MODIS to

PROBA/CHRIS

Mike Barnsley (2007)
Remote Sensing of
the Land Surface

Overview

MODIS
Analysis of CMG data

PROBA/CHRIS
CHRIS

PROBA-1

Data acquisition

Issues

BIOSAT/PHI

Carbon-3D

References

From Terra and Aqua MODIS to PROBA/CHRIS

Prof. Mike Barnsley (2007)
Remote Sensing of the Land Surface

From Terra and Aqua
MODIS to

PROBA/CHRIS

Mike Barnsley (2007)
Remote Sensing of
the Land Surface

Overview

MODIS
Analysis of CMG data

PROBA/CHRIS
CHRIS

PROBA-1

Data acquisition

Issues

BIOSAT/PHI

Carbon-3D

References

Overview

I Major mission

I MODIS (Moderate Resolution Imaging Spectrometer) on Terra and
Aqua

I `Smallsat' Missions

I Proba/CHRIS
I BIOSAT/PHI
I Carbon-3D
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Major missions

I Planned and implemented by international space agencies

I Seen as `next big step'
I Mainstay of global environmental monitoring initiatives
I Often engineering, rather than science, led
I Involve new technological developments rather than COTS

I Expensive

I Hundreds to billions of $US

I Landsat series approximately $200m per satellite
I EOS Terra and Aqua $1.1bn and $700m, respectively
I ENVISAT approximately $2.3bn
I National Polar-orbiting Operational Environmental Satellite System

(NPOESS) approximately $6.5bn

I Long lead time

I EOS and ENVISAT planning from 1980s, development in 1990s,
launch in 2000 and 2003, respectively

I Personal involvement since 1987
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Major missions

I Hard for individual scientists to take a leading rôle in such
programmes

I These programmes run for a long time measured against an
individual's academic career and inconsistent with the timescales
for funding (and publishing)

I The sheer magnitude of these projects is arguably beyond the
managerial experience of most individual scientists

I Often envisaged for multiple year operation in space

I Important for data consistency, especially in terms of long-term
environmental monitoring

I Demanding in terms of instrument calibration, capacity and
redundancy

I Risk of failure at launch or in orbit
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MODIS

I Imaging spectrometer

I Wide scan-angle device

I � 55° across-track scan-angle
I 2330 km swath from orbital altitude of 705 km

I 36 spectral channels in VIS, NIR, SWIR/MIR and LWIR
(0:4mm–14:4mm)

I 250 m spatial resolution at nadir in 2 spectral channels
I 500 m spatial resolution at nadir in 5 spectral channels
I 1 km spatial resolution at nadir in remaining 29 spectral channels

I 12 bit quantization
I Four on board calibrators

I solar diffuser
I blackbody
I spectroradiometric calibration array
I solar diffuser stability monitor

I Launched on board Terra (EOS AM-1) spacecraft on December
18, 1999 and Aqua (EOS PM-1) spacecraft on May 4, 2002.
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MODIS BRDF/albedo data products

Product name Terra Terra+Aqua

BRDF/Albedo Model Parameters 16-Day L3 Global 500 m

BRDF/Albedo Quality 16-Day L3 Global 500 m

Albedo 16-Day L3 Global 500 m

Nadir BRDF-Adjusted Re�ectance 16-Day L3 Global 500 m

BRDF/Albedo Model Parameters 16-Day L3 Global 1 km MOD43B1 MCD43B1

BRDF/Albedo Quality 16-Day L3 Global 1 km

Albedo 16-Day L3 Global 1 km MOD43B3 MCD43B3

Nadir BRDF-Adjusted Re�ectance 16-Day L3 Global 1 km MOD43B MCD43B4

BRDF/Albedo Parameters 16-Day 0:05° CMG MOD43C1 MCD43C1

BRDF/Albedo Quality 16-Day L3 Global 0:05° CMG MOD43C2 MCD43C2

Albedo 16-Day L3 Global 0:05° CMG MOD43C3 MCD43C3
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MODIS CMG Albedo Quality Flags

QA Flag Bit �elds Value used

Mandatory QA 00–01 Majority processed, good quality

Data period 02 16 or 32 days

Sensor 03–05 AM, AM/PM, PM

BRDF quality 06–07 Majority full inversion

Percentage CMG inputs 08–15 75%

Percentage snow 16–23 0%

Local solar noon 24–27 <70°

Other/unassigned 28–32 N/A

Mandatory QA Bit

Majority processed, good quality 0

Majority processed, see other QA 1

Majority not processed due to cloud effects 2

Majority not processed due to other effects 3
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MODIS Terra+Aqua BRDF inversion quality
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Broadband albedo temporal trends
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Broadband albedo temporal trends
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Compact High Resolution Imaging Spectrometer

I Designed and built by Sira Technology Ltd

I Spatial resolution 17 m/34 m at perigee (556 km)

I 18–62 bands, 0:4 mm–1:05 mm, 1:25 nm–11 nm resolution

I Image size � 13km � 13km (at perigee)

I 12-bit quantization; SNR 200:1 at 0:2 albedo, 17 m, 10 nm
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CHRIS 62-Channel Band Set
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CHRIS Land Band Set
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Colly, Australia (15 Jan 2005)
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Floods Near Arles, France (7 Dec 2003)
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Gobi Desert (21 Sept 2005)



From Terra and Aqua
MODIS to

PROBA/CHRIS

Mike Barnsley (2007)
Remote Sensing of
the Land Surface

Overview

MODIS
Analysis of CMG data

PROBA/CHRIS
CHRIS

PROBA-1

Data acquisition

Issues

BIOSAT/PHI

Carbon-3D

References

Sentinal Island, India From Terra and Aqua
MODIS to

PROBA/CHRIS

Mike Barnsley (2007)
Remote Sensing of
the Land Surface

Overview

MODIS
Analysis of CMG data

PROBA/CHRIS
CHRIS

PROBA-1

Data acquisition

Issues

BIOSAT/PHI

Carbon-3D

References

PRoject for On-Board Autonomy

I Small, agile satellite designed/built by Verhaert (Belgium)

I Mass: 94 kg

I Volume: 80cm � 60cm � 60cm

I Power: 40W–120 W

I Mass memory: 1 Gbit
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Proba/CHRIS pre-launch From Terra and Aqua
MODIS to

PROBA/CHRIS

Mike Barnsley (2007)
Remote Sensing of
the Land Surface

Overview

MODIS
Analysis of CMG data

PROBA/CHRIS
CHRIS

PROBA-1

Data acquisition

Issues

BIOSAT/PHI

Carbon-3D

References

Polar Satellite Launch Vehicle (PSLV-3)

I Shriharikota, India by Antrix/ISRO, 22 October 2001

I Altitude: 570 km–670 km

I Inclination angle: 97:9°
I Period: 96:97 minutes (34 mins night, 63 mins day)

I Sun-synchronicity drift: 5°�year� 1

I Orbit decay: 12 km�year� 1
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PROBA-1 Agility

I Satellite tiltable in all three axes using reaction wheels

I Nominal along-track pointing: 55°, � 36°, 0°, + 36°, + 55°
I Acquire images of target at 5 angles in single overpass

I Nominal cross-track pointing: � 30°
I MVA data sets can be acquired from three adjacent orbits
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MVA Data Acquisition
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Swiss National Park (27 July '04)

� 55° � 36°

+ 36° + 55°
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Main PROBA/CHRIS Test Sites
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Issues

I Data provided on `best effort' basis with low-level processing the
responsibility of the user

I Particular challenges

I Wavelength calibration

I Temperature-related shifts (~0:1 pixel/°C )
I Oxygen absorption feature at 762 nm and Fraunhofer lines

I Radiometric calibration

I Solar calibration device, on board LED and white diffuser

I Pointing errors, MVA image co-registration and geometric correction

I Complex image geometry and orbit
I Timing information

I Not used full potential of PROBA platform for MVA acquisition
(e.g., spot scan)

I Competition with other instruments on board PROBA (DEBIE,
SREM, wide-angle imager)
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BIOSAT/PHI (Astrium, Sira, etc)
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BRDF Imager
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