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ARTNGS

Basics biophysical parameter retrieval
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Statistical approaches
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Scatter, Correlation, and Regression

Retrieval of biophysical parameters from optical EO
data always occurs through a model; e.g. through
statistical models, through inversion of physically-
based radiative transfer models (RTM), or through
hybrid forms.

Hybrid forms

Design/evaluation
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Revisiting Sls

* Parametric regression: Some constraints introduced

techniques.

NDVI =

Use of Spectral Indices (Sls): example of parametric approach

Established Sls (e.g. NDVI) are constrained in 3 ways:

1. Theused bands: why red and NIR would be best?

2. The formulation: why the given formulation would be best?
3. Theregression: why a linear regression would be best?

DM (kg ha)

g & 8 % 8
2 &8 8 3 8

a(0%) ART

Nonparametric regression: No constraints in developing models (see next presentation)
Physically-based approaches: Inversion of RTMs using parametric or non-parametric inversion

(NIR —red)
(NIR + red)

»=12637x - 8346.5; P = 0.0001; n = 150;r2= 0.54
°

0.78 0.80
NDVI

Given at three levels imposing limitations it can be reasonably assumed that this approach is not
optimally exploiting the available information. Especially in view of hyperspectral data.

Alternatively, we can also systematically evaluate and optimize these 3 types of constraints. For

this we developed ARTMO's Spectral Indices Module.

Evaluate performance SI’s based on synthetic data vs. field data.

Jochem.verrelst@uv.es — Earsel ISW
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Automated
Radiative
Transfer
Models Generic
Operator

g —

Bl ARTMO

Robust

File  Models Forward Modules  Retriewal

— Project Description

Project Mame:
Comment:

Senzar; MO SENSOR

-

LUT Clazsz by map ] [ LUT Clazs by User

Simulations can be done for any sensor in 400-2400 nm range.
Input, output and metadata stored in MySQL running underneath.
Modular design — enables implementation of new modules & Apps

Jochem.verrelst@uv.es — Earsel ISW
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V3: MOd u Ia r deSIgn File  Models Forward Modules  Retrieval ] @ AII mOdeIs and mOdUIes can be
accessed from the Menu bar
— Project Description
Simulations according to a |:> Profect Hame:
. . Comthent:
predefined sensor setting e .
Sensar: w7
LUT Class by map || LUT Class by User | <:| LUTs can be COHf ’qur ed per land
cover class or defined by user.
File Models Forward Modules Retrieval J
Load Project Leaf - Leaf Sensor Spectral Indices
New Project Canopy Tl Canopy Graphics Machine Learning
DB adminstration — Combined Combined LUT-based Inversion
Settings —
Model inputs - Y Leaf RTMs Canopy RTMs
PROSPECT 4 Ao
z 5 . . Sty
Saue New DB PROSPECT 5 ’ / 5
Load Change DB FluorMODleaf ; / '
Delete - v 4 '
Import DB 45AIL n o
G | Compact spheres Turbid medium Geometric
Export DB FLIGHT aers Ny ———
Analyze DB FluorSAIL W > TN, -e_’a
* Y M Volumetric
LUT class SLC N-fluxes Ra\:‘tracmg B Hybrid . =

Database A\ f
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Intuitive GUIs

File Leaf Spectrum Dry Soil Spectrum Wet Soil Spectrum

All models synchronized. Input: single value,
range (step/ distribution) or user-defined values

N\

4SAIL MODEL

Generic class

—Lmpw0—
11 [~] Range Table ‘

0.01

— Hot spot effect [0 - 1]

[~] Range

Table

— Average leaf angle (%) [0 -90]
30 [] Range Table ‘

— Salar zenith angle ¢} [0 - 90]

[] Range

Table

— Diffuse/Direct radiation [0 - 100]—
10 [] Range Table

— Observer zenith angle {°) [75 75]

[] Range

Table

— Soil coefficient [0 - 1]
0 [] Range Table ‘

185

— Azimuth () [0 - 180]

[] Range

Table

i

\
s

Sensor module

Band settings of any optical sensor can be

selected or created.

_/
N

ST o — == 1
Import Edit Spectral Filter El
Sensor Information
Sentinel Il (10 bands) - Spectral filter
Unit wavelength Band details
Micrometers ___ + Bandname | Min Max | Center | FWHM
Nanometers 1 |Band 1 0 0 3 p
Wavenumber —
GHz 2 |Band2: 0 0 430 0
MHz 3 [Band3: 0 0 580 0
Index 4 |Band 4 0 0 885 0
Unknown 5 |Band5: o o 705 0
6 |Band6: 0 0 740 0
2 7 |BandT: 0 0 783 0
8 |Band8: 0 0 842 0
9 [Band9: 0 0 885 0
10 [Band 10 0 0 945 0

When a sensor is selected then all output data
is directly resampled to that band settings.
Q’lis facilities sensitivity studies and retrievay

Graphics module

A sub-selection of a LUT-class can
be made. Output can be plotted
as a function of 1 or 2 parameters.
Output can be exported.

itz

Graphics Module

Eile Edit Yiew nsen Tools Desktop Window Help
DEdS R NLOUDLLA- Q08 nD
Leaf Reflectance [Class: Generic class]
o7
43
405
»
3s5p
2 B
S
305
2%
235/
2
205
oo s eo 700w sbo 7000 125 165 215 25
Wavelength (nm) [

i 6t Yon et It fekorp Wrcow tép
Qcde b 9¢z-2 08 =0

Tearorcs e Goresc css]
0

ARTMO v.3

/" Class—based concept )

All retrieval approaches can be set class-
based. When a classified map is provided,
then per land cover class a different
retrieval strategy can be developed.

Input: Land cover map

¢

3D model (FLIGHT) 1D model
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) Spectral Indices Module

Sl toolbox

=101 x|

Load images & class Inpuk  SISettings Test S5Is  Rekrieval Tools ™
L Load Image & Class  Input Sl setting Test Sls Retrieval Tools
Load Image | RTM data - Load test Save
Load Class User data —‘ New test Load
— Test database

:

Select project
Edit settings

Add spectral index
Add function fittings
View map

When loading a land Input data can come In ‘Sl setting’ multiple Sls,
cover map then retrieval either from RTMs, from curve fittings and
strategies can be field observations or regularization options Rename
optimized per class. from both. can be selected. > Delete
In Test Sls, run tests with In Retrieval manually set In tools new indices and
the predefined strategies up a Sl retrieval strategy or curve fittings can be
or load an existing test select an earlier evaluated inserted or loaded.
strategy.

Jochem.verrelst@uv.es — Earsel ISW
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Spectra Index settings

n SI Settings

(=] ]

If active, configure per
land cover class.

Class: |Ful_image
— Spectral index
Broadband Greenness -
Select Spectral Index Acron.. | Equation
1 |:| Enhanced Wegetation Index Evl 25*(Rnir-Rre...
2 |:| green Mormalized Difference V... Green ... (Rnir-Rgreen)s...
3 |:| Mormalized Difference Yegetat... MDY (Rnir-RrediiR...
4 |:| Simple Ratio SR (Rnir WRred)
— Fit Settings
ARTHMO x|
Select |Funtion fitting Equation
1 [ linesr flaI=m*+h
2 |:| exponentizl Tl )=arexplb®e)
3 |:| logjarithimic T =hHmtlogx)
4 [ power b))
5 |:| palynomial2

Outliers Without analisis

=252+ (a1 ) +a0

-

— MHoise settings

Parameter Gaussian Moise [0-100%]

Spectral Gaussian Moize [0-100%]

<:| Select an Index group

* Water
Select one or

multiple indices

<:I Select one or multiple curve fittings

In tools, new curve
fittings can be added.

<:I Options to add noise

Option to mix RTM with
field observations

] [ Range o [T Range
— RTM data USER data
Train [0-100%] I:‘ Range Train [0-100%] Range
only train Only test Cnly train Only test
Jochem.verrelst@ — Earsel ISW

By default:

* Broadband greenness

* Narrowband greenness

* Leaf pigment (carotenoids, anthocyanins,...)

B Add spectral index

=] e

DB tools o

Mew Group  New Spectral Index

Spectral index by user

Group

Eroadhand Greenness -
Spectral indice

Enhanced Wegetstion Index v: Edit

Hame

Enhanced “egetation Index
Acronym

Ewl
Equation

254 (Rnir-Rred)ARnit+(6*Rred)+7 S4Rblug)+1 11

Sample: (b2-b1}(b2+b1}

Band | Default |range min|range max

1 |Rhlue o [u] o
2 |Rnir 0 i} i}
3 |Rred 0 0 i}

Save

In tools, new index group or
Sl can be added or imported.
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Results test

n Sls test table: CHRIS_PROSAILI00C_multibple

==
Sls test table: CHRIS_PROSAIL100C_multibple
Class Parameter Database
Full_irmage v: Cwy -: Calibration v: NRMSE
Retn...| Aux, info., | s | Type fitting | bands | spect_u, ‘ param_n‘..|model_tr...|user_tra|n| ME | RMSE |RELRMSE| MNRMSE |
[ 1] 1} SR exponential 957 3794212, 0 o 00242 976079 35281
[ 2] = [} MDY exponential 95891 ,975.33; 0 o 00227 881200 36783
[ 3] 0o 0 MDA linear 988.91 978.33; 0 1} 00035 336944 100673
4 ] | SR lingar 9538 91 967.74; [1} a 0.0147 563671 108578
4| [} 3
Parametor Vo ~|[ oraw ]
Class ‘Parameter| S ‘ Type fitting Bands |spect_nn...|param_n...‘mﬂde\_tr”.| user_tra|n| |
LFull_image L&l =R linesr 999.54 957 37, 1
2 Full_imsge Cab [§o2] exponertial 802777973 2
LFull_image Cwy SR exponential 957.37 94212, 2
| Retrival |
.
Outputs: Matrices: v 0
itting  *  Correlati
e Curve fitting orrelation
. 11 e Calibration

e Validation

05 06

Yo1-674.42 8271217

ARTNGS

Results can be organized
according to land cover class,
parameter, cal/val, and
statistical output

Overview of results. Here,
best results per Sl andcurve
fitting

Options to plot all kinds of
output and export results

Selected strategies appear
here and can be transported
to the Retrieval module.

LCC = 355.4237 * NDVI, +097781

'B1=718.57 B2=724.70)
?=0,8664

002 004 006 008 01 012 014 016 018 02
NOVlgs-718.57 s2=r20.7)

Data:

SPARC campaign, Barrax,
Spain

Field data:

¢ LCC measured with
CCM-200

¢ LAl measured with LiCor
LAI-2000

Spectral data:

* CHRIS mode 1 (62
bands; 34m) nadir
spectra

* HyMap (5 m resolution;

e 125 bands; 450-2500
nm

Case studies

Jochem.verrelst@u

Earsel ISW
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SPARC- CHRIS: Impact of Co/Ca, bands & formulation

100% calibration — linear regression

SR LCC NDVI SR LAI NDVI

LCC - SR - linear LCC - NDMI - linzar LAl - &R - linear LAl - MDA - inear
Spectral nolse:0 - Parameter nolse:0 - % traln RTM:0 - % frain USER: Spectral nolse 0 - Parameter noise:0 - % train RTM:0 - % frain USER:1 Spectral nolse:d - Parameter noise:0 - % train RTMD - % frain USER:1 Spectral nolse 0 - Parameter noise:0 - % train RTMD - % frain USER:1
1 1 1
04 0.8 0.4 0.4
0.8 o8 o8 0.8
0.7 o7 o7 0.7
T ITi64 F ITi64 I3 F TT264
o E 06 £ 06 £ 06 £ 06
m = £ = =
£ o507 05 E ppe0r o5 E 05 B psor 03
: PR 04 £ 04 2 04
g £ g i g
03 : 03 _l 03 03
706-724 02 706 -731 02 511-542 0 674-712 02
R2:0.89 . R2:0.90 B R2:0.89 . R2:0.89 .
s " s . . . s " s . . " o s " s . . . s " . . . . o
52216 62457 TOGOT 77264 ET04B 9TBAT 52216 62457 TDEOT 77264 ETDAE  STEAT 52216 62457 TOBOT TVZE4 BTD4E STEAT 52216 62457 TOGOT 77264 ET04E 9TBAT
Wavelength [nim] Wavelength [nmm] Wavelength [nim] Wavelength [nim]
LCC - 3R - linear - NRMSE LCC - NDWVI - lingar - NRMSE LAI- SR - linear - NRMSE LAJ - NDVI - lingar - NRMSE
Spectral noise:d - Parameater noise:0 - % train RTM0 - % train USER:1 Spectral noise:d - Parameater noise:0 - % train RTM:0 - % frain USER:1 Spectral noise:0 - Parameter noise:0 - % train RTMD - % train USER:1 Spectral noise:d - Parameater noise:d - % train RTM:0 - % train USER:1
v [{] 0.5 - 05 [{E]
a78.47 3 - o 978.47 | 978.47 o
045 045 048 045
m 04 0.4 870.45 04 870.48 04
E 035 035 035 035
T E 77264 E 77264 E 77264
E 03 £ ER 03 £ 03
(2 § & 5
H L 025§ 706.07 025 g 708.07 025
2 g 0z g 0z g 0z g 0z
2 2 z _'J 2
62457 3 624.57
718-724 | " 718724 | b° . 674-688 | | " 542-522 |
o 01 0.1 o 01 o 01
. 52216 . 522.18 .
NRMSE: 8,13% ... NRMSE: 8,40% .- NRMSE: 7,45% | .. NRMSE: 8,40% ...
52216 62457 TOEOT 77264 BT0AE 97047 0 52216 62457 TOB0T 77264 BT04E6 97047 0 52216 62457 TOEO0T 772684 BT04E 97047 0 52216 62457 TOEOT 77264 BT04E 97047 0
Wavelength [nm] Wavelength [nm] Wavelength [nm] Wavelength [nm]

* SR & NDVI results alike
* Most sensitive bands in red edge, but also in PRI region GMES 10% threshold
e Correlation/calibration results can differ

Jochem.verrelst@uv.es — Earsel ISW
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3-band NDI= (b3-b1)/(b3+b2)

LCC - 441 nm fixed R? Correlation matrices LAl - 410 nm fixed
LCC - 3bNDI1 - linear
. o . . . . LAl - 3bNDI1 - linear
Speciral noise:0 - Parameter noise:0 - % frain RITM'U'OO - % train USER:100.00 Spectral noise:0 - Parameter noise:0 - % train RTM:0.00 - % train USER:100.00

978.47 978.47

870.46 870 46

772.64

o
@ 706.07

624.57 62457

522.16 522.16
52216 62457 706.07 772I 64 870I 46 978I 47 0 522.16 62457 706.07 772 64 870 46 978 47
Wavelength [nm] N R M S E Wavelength [nm]
IR o e P S P [y Py e S
3-band  LCC 441 - 706- 731 091 0.90(NDV) g,..4 LCC 718-725-738 8.25 8.13 (SR)
NDI LAI 410 - 688- 700 091 0.90(NDvI) NDI LAI 522-553- 674 6.73 7.45 (SR)

* 3-band Sis can indices further improve accuracies
* Best band combinations depend also on chosen output statistic
* Other formulations probably further improve accuracies. Up to 4 different bands can be analyzed.

Jochem.verrelst@uv.es — Earsel ISW
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Wavelength [n
-
=)
@
@
=

NRMSE

Wavelength fnm]

Spectral nolse0 - Parameter noise:0 - % train RTM:1 - % train USER:0

9re.33

BT0A7

F 77239

624.42

Spectral noise:D - Parameber noiseD - % frain RTMA - % train USER.D

E
&
@
g

(03]
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PROSAIL — CHRIS - LAI: Impact of curve fitting

100% calibration — 10000 random simulations

linear

LAl - SR - linear

w
y

999-957
R2:0.80

52204 62442 70584 77238 E7017 97E33
Wavelength [nm]

LAl - SR - inear - NRMSE

i
441-410
NRMSE: 8,7%

52204 G2442 TO584 T7230 BT0AT O7ERD
Wavelength [nm]

SR

9re.33

Spectral nolse 0 - Parameter noise:0 - % train RTM:1 - % train USER.0

BT0A7

F 7239

Wavelangth [n
-
=)
@
@
b4

Spectral noise 0 - Parameder noise:D - % train RTM:1 - % train USER:D

Wavelength fnm]
= =
& &
] o
13 1=}

E
Y
(5]

g

Exponential

LAl - SR - axponantial

i
y

999 - 957
R2:0.83

52204 62442 TOSB4 T7239 BT0AT 97413
‘Wavelength [nm]

LA - SR - exponenlial - NRMSE

511-693
NRMSE: 4,5%

52204 G2442 TOSE4 TT2IS ATOAT O7B33
Wavelenglh [nm]

linear

LAl - NDVI - linear
Spectral nolse0 - Parameter noise:0 - % train RTM:1 - % train USER:0

‘ F
1w
_-"

{

999-957
R2: 0.80

52204 62442 70584 77238 E7017 97E33
Wavelength [nm]

9re.33

BT0A7

F 77239

Wavelength [n
-
=)
@
@
=

624.42

LAI - NDVI - linear - NRMSE
Spechral notse:d - Parameber noise0 - % train RTM:1 - % frain USER:D

j; 705.84 ¥

% 1 .*-
e 441-410
52204 NRMSE: 8,4%

52204 G2442 TO584 T7230 BT0AT O7ERD
Wavelength [nm]

SR and NDVI alike. Curve fitting can play an important role.

Best band combinations depend also on chosen output statistic.
Note that PROSAIL results differ from results based on field data.

Jochem.verrelst@uv.es — Earsel ISW

Exponential

LAl - NDWI - expanential

Spectral nolse0 - Parameter noise:0 - % train RTM:1 - % train USER:0

9733 F
0.4
1
08 87017 14
07 a
T 17239
0E E
-
9 R

s
05 g 705.84
0.4 g
03 824.42
852 -344

0.1 ) R2: 0.85

0 . " . " . .
52204 62442 70584 77230 BT0AT ETE33
Wavelength [nm]
LAl - NDVI - expanential - NRMSE
Spechral notse:d - Parameber noise0 - % train RTM:1 - % frain USER:D
50
o78.33

45
40 87017
35

T 77239
30 B

&
25

g 70584 o
w2 L B
15 624.42
0 917-927

522.04
0,

5 NRMSE: 5,7%
0

52204 G2442 TO584 T7230 BT0AT O7ERD
Wavelength [nm]
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LAl - Calibrated by PROSAIL, validated by SPARC dataset

100% calibration — 10000 random simulations

callbratlon Vf.lquatié’Q ceilbraflon valid&tjor:m
e'7::: ctral notsa 0 - Fal.mn:ln nmn ‘ﬂ\’a RYMI szl.'.nuSERﬂ Epeciral noisel - Panameter nosa D - kllanHYMn % ain USERA :: ; ::: ctral notee 0 - Paramater nose 0 - % train RTMA kllal\;ﬁ ERD :: M:::?’alnmnﬂ Paran nml."\:zm.o hllanHYMn 'ﬁ-m:us ER1 ::1
14 arar 40 BI04 | H : _r | 0.4
0.5 35 1 1 0.5
g B 1. gmu - f Trama) o -
; GJ“Z 441 410 [ ] 23 e .‘J | 0z E e {20 23 s _F. | oz
o B ‘ T 674-688 |" 441-410 | ° ‘ 2T 542-522 | e
) NRMSE: 8,7% |« o . v NRMSE: 8,40% "
-ﬁ.umL ) 52216 NRMSE: 7’45% 1 - Sa204 NRMSE: 8,4% A wz_wl « 0 0 | -
2204 szu'.:n::ls:;ﬂ:ﬁ.n B0.17 G783 " SR T sz em ""nm’:ls-c?;n::\)m ETO48 BTRAT " 2208 nzuzm:-!:i.;"l::ﬁm 04T a7l “ N DVI T szmie em ""I\im’re“ls":‘;[;:\)m BTO48 BTHAT o
LAl - SR - linear - NRMSE LAl - NDVI - linear - NRMSE
Spectral noise:0 - Parameter noise:0 - % train RTM:1 - % train USER:0 Spectral noise:0 - Parameter noise:0 - % train RTM:1 - % train USER:0
" ' T T 50 . . T 50
978.33 .l_ - | " = 978.33 1
| : 45 45
[ ] [
87017 . : 40 87017 + 40
35 35
= 77239 g 77239
E, 130 E, 130
= E
o o
5 70584 125§ 705.84 §<°
2 2
© 120 T 120
= =
624 .42 1 115 624 .42 115
758 - 772 10 765 -772 10
522.04 . 522.04 .
NRMSE: 8,7% 5 NRMSE: 9,3% 5
1 1 L 1 1 1 0 1 1 L 1 1 1
522.04 62442 70584 77239 87017 97833 522.04 62442 70584 77239 87017 97833
Wavelength [nm] Wavelength [nm]

Results rather good. Be careful when relying only on RTM data. NIR region most successful.

Jochem.verrelst@uv.es — Earsel ISW
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HyMap [450-2500 nm]

100% calibration — linear regression

LCC 2405.3 LAI
20637
E 1647.8 E 1647.8
£, L
~N g -5
o 5 13273 @ § 13213
1037.2 ' 1 03 ' |
. 692'1033‘2) 02 555-2453 02
7381 . 1
R2: 0. o R2:0.87 0.1
7381 1037.2 13273 16478 20637 24053 0 7384 10372 13273 16478 20637 24053 0
B2 B2
Wavelength [nm] Wavelength [nm)
. . h ‘ 50
50 R
24053 d 24053 |R\\, / N
. 45 '| F
20637 ) | " 206370 | —— ] 40
'(‘, - a5 _ " 35
Ll T 16478 | " E 1647.8 .
v 5
2 25 @ 5 13273 25
£ 13273 5 1327,
o - 2 g 20
2 10372 ' | .5 1037.2 5
i 692-1340 10 o 570-2453 10
7381 1 : 1
NRMSE: 9.0% 5 NRMSE: 11.0% 5
0

7381 10372 13273 16478 20637 24053 7381 1037.2 1327.3 1647.8 20637 2405.3
B2

B2
Wavelength [nm] Wavelength [nm]

The full range matters. Best results using bands in visible and SWIR (1340, 2453 nm).

Jochem.verrelst@uv.es — Earsel ISW
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Retrieval

n Retrieval |
— Retrieval configuration M anua I optio ns
Select class |Full_image - Parameter |4 ':
— Select spectral index - — Select function fitting——————— .
Groun [ rous | Options to select land cover class
Leaf pigment (Caratennids, Anthocya... = ||| |ARTMO \ and parameter.
Hame index Hame function ]
AR - lirear ]
Band | Defan|  User RSO R P Options to select a spectral index
1 [R50 550 Select 1 |m 0 and a curve fitting.
2 |R¥O0 700 Select - 2 b a
Spectral Moise [0-100%] 0 Parameter Moize [0-100%] 0
Calibration settings . .
- 7] Make calioration Options to add noise, select Cal/val
- & (- IErS . . . .
T iata [0-100%] distribution and remove outliers
Without analiziz
Class Pararneter ST | Type fitting
1 [Ful_image L&l SR linear
2 [Full_image LAl SR exponential .
<:| Selected strategies.
< | 1 | 3
| Delete selectedt | | Deleteal |
Select class Inversion Parameter I . .
Full_image = Al parameters - | @ P Ottlng Optlons

— Earsel ISW




45
VNTaIL

@ a(0%) ARTNVG

paVALENCIA Laboratorio de Procesado de Imagenes

Best evaluated strategies (3-band Sl) applied to CHRIS

Barrax Aug 09 Demmin May 06 Demmin June 06 Monegros July 04 Tablas Aug 09 Salldbury May 06

-~

Portability is questionable:
* Striping effects, inconsistencies took place.
* Uncertainties are missing

Jochem.verrelst@uv.es — Earsel ISW
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HyMap

M a ps e 125 spectral channels

(450-2500 nm)
* 5 mresolution

LAI

6

570-2453 nm
R2: 0.87
NRMSE: 11.0%

a

692-1340 nm
R2: 0.92
NRMSE: 9.0%

B

4!’

)’ “'._i* v o
J‘a ¥ ‘.\A\‘ ¥ kY
Jochem.verr dv.es — Earsel ISW
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C lusions

e Spectral indices by default a sub-optimal approach. Not only
because of only few bands used, but also because of formulation
and parametric regressors.

— NDVI bands not necessarily best
— NDVI formulation not necessarily best
— Linear regression not necessarily best

« ARTMO'’s SI Module facilitates systematic analysis of Sis.

e Alternative formulations (e.g. with more bands) and alternative
curve fitting can lead to improved results.

RTM-evaluated Slis not best for applying to images.
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a(ep? ART
Availability

ARTMO is work in progress - beta version

* Accessible at Valencia University under our
supervision.

 Matlab programmers are encouraged to write
their own apps. In turn, a copy can be given.

e Public available after publication (will take some
time — so far unsuccessful)

Atmospheric models MODTRAN

Time series analysis Ray tracing model RPV model

Atmospheric models
BRDF apps
Temporal domain

Neural nets Support vectors Gaussian Processes

classifiers

BRDF apps Spectral unmixing Classifiers
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