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iy e What isthe main scientific
Issuein remote sensing?

* Remote sensing instruments on space platforms are but

@ sophisticated detectors recording the occurrence of elementary
| events (the absorption of photons or electromagnetic waves)
as| asvariationsin electrical currents or voltages.

n
v

P Users, on the other hand, require information on events and
processes occurring in the geophysical environment (e.g.,
atmospheric pollution, oceanic currents, terrestrial net
productivity, etc.)
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.= Extracting useful environmental information from data
acquired in space is the main challenge facing remote sensing
scientists.
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sinressachcete - HOW 1S T@mMote sensing exploited?

» The signals detected by the sensors are immediately converted
Into digital numbers and transmitted to dedicated receiving
stations, where these data are heavily processed.

a5|* The effective exploitation of remote sensing data to reliably
~2|  generate useful, pertinent information hinges on the
availability and performance of specific tools and techniques
of data analysis and interpretation.

el A can be used for this

.| purpose; they are implemented as computer codes that read
the data or intermediary products and ultimately lead to the
generation of products and services usable in specific
applications.
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rrrrrrrrrrr Why isremote sensing called
an inver se problem?

Since space borne instruments can only measure the properties
of electromagnetic waves emitted or scattered by the Earth,
scientists need first to understand where these waves originate
from, how they interact with the environment, and how they
propagate towards the sensor.

To this effect, they develop models of radiation transfer,
assuming that everything is known about the sources of
radiation and the environment, and calcul ate the properties of
the radiation field as the sensor should measure them. Thisis
the so-called direct problem.

Envisat Summer School - NG 2 B
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w5 WY ISTE@Mote sensing called
an inver se problem?

* In practice, one does acquire the measurements from
the satellite, and would like to know what is going on
In the environment:

~?1=> Thisisthe inverse problem, which is much more

~| complicated: Knowing the value of the

el ectromagnetic measurements gathered in space, how
can we derive the properties of the environment that
were responsible for the radiation to reach the sensor?

Envisat Summer School - NG 2 gt
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withesearch cenre V| @aSUT ements of inter pretation (1)

* A model representing a measurement expresses the
dependency of this measurement with respect to the relevant
variables and processes.

z=f(s,,S,,.--S)

— | where S are the state variables of the system

|« Direct problem: if values s,  are know, such amode! can
: accurately simulate the observation

« Inverse problem: Quantity Z ismeasured, and one seeks
information on the states variables S,

Envisat Summer School - NG 2 gt
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withesearch cene V| @aSUT ements of inter pretation (2)

» If asingle state variable accounts for the physics of the
measurement, the problem can be solved analytically or
numerically, usually with great accuracy:

z=f(s)P §=f2)

| « Ingeneral, more than one state variable is required to describe
—|  the physics of the problem. The solution to the inverse
problem then requires multiple equations and therefore
multiple measurements.

Envisat Summer School - NG 2 B
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mthesearch cente R0l @ Of independent variables (1)

e To acquire more information on an invariant system, it is
necessary to gather different measurements by changing a
variable other than the state variables.

z=f(x;s,S,,.-S,)

where the independent variable x describes the changing
conditions of observations.

 If the system of interest can be observed in more than one
way, multiple independent variables may be defined.

* Incaseof RSfrom space, the useful independent variables are
space, time, wavelength, illumination and observation
geometry.

Envisat Summer School-NG2 o
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smtresearcncente ROl e Of independent variables (2)

e Multiple measurements may thus be aquired under different
conditions of observation:

51 1 1 1.
Z = (X, %5,y XN 1 S1,S,0---Sy ) T €

2% = (X2, X2, X21S,,S,,..Sy ) T €,

Z° = (X, X .., X 5S,S,,...8, ) +E,
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Joint Research Centre

Association of physical

measur ements, models & models
representing the biosphere
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Joint Research Centre Association of physical
measur ements, models & models
representing the biosphere

THEORETICAL FITS

i L

90°, 2¢ + '2¢ ELASTIC SCATTERING
NOVEMBER 73

ol B = 4’”&7\

- 7
NT Y BT
E 1072 ? 4 o~

£ / / .
¢ | | l T"}

073 LR ALp

1074

70 80 90 100 110 120 130 140

£ (lab) (MeV)

The process of fitting data, as seen by Subramanian Raman in Science with a Smile. /LQ/S

Envisat Summer School - NG 2 = s

Sutirnsiny



Joint Research Centre

EUROPEAN COMMISSION

Joint Research Centre Association of physical
measur ements, models & models
representing the biosphere
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Joint Research Centre

Association of physical

measur ements, models & models
representing the biosphere
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Joint Research Centre ASSOC| at|0n Of phyS| Ca.l
measur ements, models & models
representing the biosphere
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Joint Research Centre

Association of physical
measur ements, models & models
representing the biosphere
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Joint Research Centre M OdEI I nver S| on

* Ingeneral, the system of equations cannot be solved:

o If K <M, the system is still undertermined

o If K=M, measurements errors may prevent the
Identification of the exact solution.

o If K>M, the system is overdetermined.

K depends on space observation strategy
M depend on the RT model

Envisat Summer School - NG 2 gt
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mimssrcncoe — SpACE Observation Strategies

* Mono-directional multi-spectral scanning
sensor on a Sun-synchronous orbit

=p SiNngle view of the same target during a
given day (given Sun zenith angle)

Envisat Summer School - NG 2 = st
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MARECTORATE-GEMERAL

mtheseach e SnACce Obser vation Strategies

INCLINATION OF LANDSAT ORBIT TO
MAINTAIN SYNCHRONOUS OGREIT

LAMDSAT =4
AT 9:43 AN
LOCAL TIME

Envisat Summer School— NG 2 Ref: http://rst.gsfc.nasa.gov
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Space Observation Strategies

Joint Research Centre

"oanTyo

LONGITUDE: +104.43 deg
LATITUDE: +5.99 deg
ALTITUDE: +786.47 km

Envisat Summer School - NG 2 Source: http://envisat.esa.int/ e o



Joint Research Centre

EUROPEAN COMMISSION

mmrescane OjpACE Observation Strategies
GMT: 02/08/2004 14:58:31

- B mw

.- 2

LONGITUDE: +104.56 deg
LATITUDE: +5.40 deg
ALTITUDE: +786.52 km

Envisat Summer School - NG 2 Source: http://envisat.esa.int/
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mimssrcncoe — SpACE Observation Strategies

* Mono-directional multi-spectral scanning
sensor on a Sun-synchronous orbit

=p SiNngle view of the same target during a
given day (given Sun zenith angle)

e Spinning sensor on a geostationary orbit

Envisat Summer School - NG 2 = i
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CARECTORATE-GERERAL

Joint Research Centre

satellite \
spin axis

geos:cationary
orbit

Envisat Summer School - NG 2

Space Observation Strategies

Whole disc is covered
by 2500 steps
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o Space Observation Strategies

Envisat Summer School - NG 2 = EUMETSAT =



EURQPEAN COMMISSION

et Reacasok Cailtrs Space Observation Strategies
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mimssrcncoe — SpACE Observation Strategies

* Mono-directional multi-spectral scanning
sensor on a Sun-synchronous orbit

=p SiNngle view of the same target during a
given day (given Sun zenith angle)

e Spinning sensor on a geostationary orbit

==p multiple views of the same target during
a given day (various Sun zenith angles)

Envisat Summer School - NG 2 = st
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mimssrcncoe — SpACE Observation Strategies

* Mono-directional multi-spectral scanning
sensor on a Sun-synchronous orbit

=p SiNngle view of the same target during a
given day (given Sun zenith angle)

e Spinning sensor on a geostationary orbit

==p multiple views of the same target during
a given day (various Sun zenith angles)

« Multi-directional multi-spectral sensor on
a Sun-synchronous orbit

Envisat Summer School - NG 2 = i
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Joint Research Centre

Envisat Summer School - NG 2

Overview of MISR

9 cameras at +70.5, +60,
+45.6, +26.1, O°

e Each camera at 446, 558,
672, and 866 nm

« Spatial resolution: 275 m
(250 m nadir)

" o Global mode: Full res. nadir
and red, 1.1 km otherwise

 Local mode: Full resolution
all cameras and all bands

o Swath: 360 km
 Coverage: global (9 days)

Ref: http://www-misr.jpl.nasa.gov/mission/minst.html e o
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Joint Research Centre
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79 km

Multiangle animation

Emigrant Gap Fire,

California
13 August 2001
Credit: NASA/GSFC/LaRC/JPL MISR Team %
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Joint Research Centre

Design of the
MERIS Global Vegetation | ndex

decontaminated from atmospheric and
geometrical effects

Envisat Summer School - NG 2 gt
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o Reaascl Ciis MERIS/ENVISAT

» Passive optical instrument of Earth Observation
e Primary mission: Ocean productivity
» Secondary missions. Atmosphere and
land sur face characterization
»  Ground segment support (up to L2)

» Globa coverage: = 3 days (depends on latitude)
e Swath: 1150 km
e Spatid resolution: + 300 m (FR) & + 1200 m (RR)

» Spectral band positions, widths and gains are programmable
» Radiometric and spectral calibration on-board mechanisms
(white & pink Spectralon, Fraunhofer lines)

Source: http://envisat.esa.int/instruments/meris/ /\/Q/S

Envisat Summer School - NG 2 = i
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Joint Research Centre

Nominal M ERI S spectral bands

Band

Location [nm]

Width [nm]

Applications

1

412.5

10

Yellow substance and detrital pigments

Chlorophyll absorption maximum

3 490 10 Chlorophyll and other pigments

4 510 10 Suspended sediment, red tides

5 560 10 Chlorophyll absorption minimum

6 620 10 Suspended sediment

7 665 10 Chlorophyll absorption and fluorescence

Chlorophyll fluorescence peak

9 708.75 10 Fluorescence, atmospheric corrections
10 737.75 7.5 Vegetation, clouds

11 760.625 3.75 Oxygen absorption R-branch

12 778.75 15 Atmospheric corrections

13 865 20 Vegetation, water vapour reference

14 885 10 Atmospheric corrections

15 900 10 Water vapour, land

Ref: http://envisat.esa.int/instruments/meris/descr/concept.html

Envisat Summer School - NG 2
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Joint Research Centre O bJ ect | ve

*To provide useful, quantitative, reliable, accurate and
low cost information on the state of terrestrial
vegetation using remote sensing data

Approach

*Development of Optimized Vegetation Indices using
a physically-based approach

Ersirprmeai asd
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Joint Research Centre Scientific Constraints

o Maximal sensitivity to the Fraction of
Absorbed Photosynthetically Active Radiation
(FAPAR)

e Minimal sensitivity to atmospheric

»|  perturbations

[ Minimal sensitivity to soil colour and
brightness changes

 Minimal sensitivity to angular effects

Envisat Summer School - NG 2 gt
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Joint Research Centre

Spectral Sensor Properties

Joint Research Centre
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MARECTORATE-GEMERAL

Joint Research Centre

Spectral L eaves Profile

Join

esearch Centre
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B o it Bidirectional Reflectance Factor
at Top Of Canopy : Nadir View

Joint Research Centre
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Bidirectional Reflectance Factor
at Top Of Canopy

Joint Research Centre

Spectral Response (unitless)
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Eﬁ%’:ﬁ;ﬂ'::" Bidirectional Reflectance Factor Top Of
Atmosphere: Aerosols Optical Depth

Joint Research Centre
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Juint Research Gentr Operational Constraints

o Exploit only the target’ s spectral
variations as measured by the satellite
Instruments

o Takethe actual spectral response of the
Sensor into account

e Minimise the computational load
* Require datafrom a single orbit only

Envisat Summer School - NG 2 gt
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e noente. OCNEMeE for the algorithm optimization (1)

IRadiation Transfer Models
I BRF TOA I BRF TOC I FAPAR

Envisat Summer School - NG 2 gt
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Joint Research Centre

Models:

Mathematical | mplementation (1)

 6S atmospheric radiation transfer model (Vermoteet al., 1997)
 Semi-discrete vegetation radiation transfer model (Gobron et al., 1997)

Geophysical properties

Medium Variables Range of values
Atmosphere ts 0.05,0.3and 0.8
Vegetation LAI 0,12 3 ad5

Hc 05 and2m

D, 0.01 and 0.05m

LAD Erectophile, Planophile
Soil Is 5 Soil spectra (Price, 1995)

| [lumination and obser vation geometries

Angle

Values

Solar zenith (qo)
Satellite zenith (q,)
Sun-Satellite relative azimuth (Df )

20 and 50 degrees
0, 25 and 40 degrees
0, 90 and 180 degrees

Envisat Summer School - NG 2
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Joint Research Centre

TOA BRF at BB5 nm

0.00 ¥
.00 010 0.20 0.30 0.40 0.
TOA BRF at 670 nm

Envisat Summer School - NG 2

20

RT model driven improvement for FAPAR
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e neentre | OCNEMeE for the algorithm optimization (2)

IRadiation Transfer Models
I BRF TOA IBRF TOCI
I

Angular effects
r~(|i)= rTOA(V%’V\(/’li)

F(WO’WV’in’V\[:G1 r | ic)

I B

Envisat Summer School - NG 2 gt
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Joint Research Centre

BRF(z,0— 0O) =2, Mik) Fre(T) H (?¢)

?0 - controls amplitude level

k - controls bowl/bell shape

T - controls forward/backward scattering
?¢ - controls hot spot peak

Amplitude Contribution Modified Minnaert Contribution Henyey — Greenstein Contribution

k>10 ____ bell-shape N / \ )
____________________________ . ’ . S ,—"Eo?v?a(r)d
R sl 7 k=10 Lambertian 2| ©=0
& M 4 m| isofropic  .-7 Te.
- \*.Nbackward
.. .- L ~ 08<0
k<lf -7 Bowl-shape N VAR

The RPV parametric model

Hot Spot Contribution

BRF

50 75

15 =50 -25 (4] 25 50 75

View Zenith Angle [degrec]

50 75 =15 50 25 0 25 50 715

View Zenith Angle [degree]

75 S0 -25 0 25
View Zenith Angle [degree]

Envisat Summer School - NG 2 Ref: Rahman et al. (1993) JGR

75 -0 -5 0 25
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MARECTORATE-GEMERAL

snifescncere T e RPV parametric model

« Direct Mode
r(Zg, W, ® Wir o, 1, Q,K) =101 (2, W, ® Wr,Q,k)

r?‘(201Ws® VV! r01Q1 k) = MI(qSlqlk)FHG(ng)H(r C’G)

costqg.cos“iq 1- Q°
. — s F , =
M| (qs,q, k) (Cosqs + Cog:l)l_ K HG (g Q) [1+2QCOSg + Q2]3/2
1-r,
H(r;G) =1+ e COosg = cogj oy, +snq sinq, cosf

1/2

G =[tan’q, +tan’q - 2tanq, tanq cosf ]

* Inverse Method when mono-angle data (MERIS)

> Kk, Q, r . parameters are optimized with simulated-data for each
wavelenght at TOA & TOC: representative values of anisotropic at
the global scale.

Envisat Summer School - NG 2 P o
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snifescncere T e RPV parametric model

« Direct Mode
r(Zg, W, ® Wir o, 1, Q,K) =101 (2, W, ® Wr,Q,k)

r?‘(201Ws® VV! r01Q1 k) = MI(qSlqlk)FHG(ng)H(r C’G)

costqg.cos“iq 1- Q°
. — s F , =
M| (qs,q, k) (Cosqs + Cog:l)l_ K HG (g Q) [1+2QCOSg + Q2]3/2
1-r,
H(r;G) =1+ e COosg = cogj oy, +snq sinq, cosf

1/2

G =[tan’q, +tan’q - 2tanq, tanq cosf ]

2| Inverse Method when multi-angles data (M| SR, SPECTRA)

» Resolution of second order equations (Gobron and Lajas, 2002)
» Usars controlled accuracy of the fit (model/data)

> Retrieval of aset of acceptable solutions

» Selection on the most representative solutions

Envisat Summer School - NG 2 P o
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N Parametric Model: MRPV

e Direct Mode
I"(ZO’VVS® VvirO’bm’k):rOF(ZO’Ws® Vv!bm’k)

(20, W, ® Wi, b, k) =M, (@5,0;k)F(g;b,) H(T; G)
cos“'q,cos!

maak=go 2ot S eoso)
(cosy, +cox)

1- 7

14+G COsg = cos cogy +9nq sng, cosf

H(;G)=1+
G =[tan’q, +tan’q - 2tang, tanq cosf ]*?
* Inverse Method

» Resolution of a linear system (Engelsen et al, 1996)
» No predefined accuracy

» Only one solution

» Very fast method

Envisat Summer School - NG 2 : e
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e neentre | OCNEMeE for the algorithm optimization (2)

IRadiation Transfer Models
I BRF TOA IBRF TOCI

|
Atmospheric effects

()= W) i@ 7

- F(WO!Wv'kii'V\[:G' rIi(:)

Rectifjed Red Rectified N IR
M red = G ()i T (1)l M e = QL1 (1) r ()]

Envisat Summer School - NG 2 gt
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e noente. OCNEMeE for the algorithm optimization (3)

3 ' ' 6 T T
— a '
Solar Angle = 20 Solar Angle = 20°
. Nadir Observation Nadir Observation
c 5 O i
g 2f . :
o Perfect Isolines 0 Perfect Isolines
(9] o' Lol RN ®
o o TOC o .
c X Tsso = .06 z 4 [ Omoneeseiennne *_\A\ © Tac _ ]
£ 0 ........... *,*.u _ e ., * Tssg — .05
Teeg = .30 E | e A ‘o
A G50 —— & "'"*_ "a A Towo = .30
Lf 1F » &8 O Tso= .807 " “A.. -
A @ [l ‘0 O Tsso = .80
m R x @ oomenenomees *"‘
¢ m .3 ] }
ol | e
P "o Xag
0 1 1 N | -0 |
Oo |1 |2 |3 O ’]] 2 3
BRFs in Blue band BRFs in Blue band
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Joint Research Centre M athemat|ca| I mplementa“()n (2)

Ratios of polynomials are assumed to be appropriate to
generate the “rectified channels’ :

gn(X, ¥) =T(X, ¥, lnm)

Where |, ., are the m coefficients of the polynomials, and
X and y are either the measured or rectified spectral reflectances,
depending on the step

Envisat Summer School - NG 2
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foin RosarohGentre Cost Functions (1)

e The optimisation procedure is applied to the
RED and NIR bands to find the coefficients of

g, and gy:
d, =a[g(7u(W), (W) - 77°1® 0

gu(X,Y) = la(X + |1,2)2 +l13(y + |1,4)2 + 115Xy

l24(X + 12.2)° + 123(y+ 12.4)° + 125Xy
l26(X +127)% + 128(y +129)* + 210Xy

Q:(X,Y) =

Envisat Summer School - NG 2 gt



sanme o Rectification Resultsin the Red Band

Joint Research Centre
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e ncenre | OCNEMe for the algorithm optimization

IRadiation Transfer Models
| I BRF TOA IBRF TOCI

|
Angular/Atmospheric effects

)=t W Wel) i r @ 7T

- F(VVo,vaKi’MG’rnc) 9

Optimization
Rectified Red Rectified NIR Procedure
Mred = QLT (o) T ()] M e = Gl T (L o7 (1 i )] 9o rear T ) ® FAPAR

—
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wnnsearchcene M @thematical | mplementation (3)

e Theindex formulais generated on the basis of
the rectified channel values, 1 g.oq and r gy
estimated as follow:

?Rred — gl( ?blu, ?red) ?Rnir — gz(?blu, ?nir)

MGVI — go(r Rred ! [ Rnir)
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foin RosarohGentre Cost Functions (2)

 The coefficients of g, are optimised so
that:

d® = é [go(?Rred, ?Rnir) - FAPAR] ® 0

Jo \Y

loay - lo.2X - los
(loa- X)*+ (los- y)* +los

0:(X,y) =
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NDVI
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e neente | OCNEMeE for the algorithm optimization

IRadiation Transfer Models

(o b
e
..uz:l BRF TOA IBRF TOCI
3 L—
Angular/Atmospheric effects T
)= e — glr ()T ()@ 7 .
Optimization
Rectified Red Rectified NIR Procedure
M e = Gl (1 gu)s T ()] M anir = Gl T (g )7 (1 )] Uy nreg T ry) ® FAPAR
#
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o S Sensgitivity to scenes heter ogeneity
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..Iuint HIaarl:h Centre M ERI S Global Vegeta'“on I ndeX

Satellite Data

| A
I BRF TOA | I View angles | | Sun angles|
I I |
I

Angular/Atmospheric ~“Rectification®
Sy T WL)
" E Wk W )

I
| | Fapar
Rectified Red Rectified NIR

( evea = BT (T ()] |F e = Gl (1ot (1 )]
| |

Joint Research Centre

MGVI = go(r Rred? | Rnir)
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Joint Research Centre Con CI US| ons (1)

* Retrieval geophysical parametersis a coupled
atmosphere-vegetation problem.

 Inverse methods depend on the space remote
sensing data types (multi/mono spectral &
multi/mono angular).

» Retrieval of geophysical parameters values are
always associated to accuracies.

« MGVI (Iinstantaneous) can beread in the LEVEL 2
land product (TOAVI) and represents FAPAR.
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Join Research Centre Conclusions (2)

* Remote sensing products require a validation
exercise through:

« Ground measurements
* Inter-comparison with other sensor derived products

e Temporal & spatial scale production also
depend on specific applications (global or
regional).
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