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Website: http://ipl.uv.es/artmo/
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Plant Radistive Transter models (RTMs) have become important tooks for the analysis of optical Earth observstion data, providing meaninaful links between radiometry and environmental

applications, such as ecological processes, environment and precision agricuture. However, for the broader community these models are still often perceived as excessively
complicsted tools and are not alvways easily accessible

The in-house developed Automated Radiative Transfer Models Operator (ARTMO) Graphic User Interface (GUI) is a software package that provides essential tools for running
and inverting & suite of plant RTMs, both st the leaf and at the canopy level. ARTMO facitates consistent and intutive user interaction, thereby streamiining model setup, running, storing
and spectra output plotting for any kind of optical sensor operating in the visible, near-infrared and shortwave infrared range (400-2500 nim).
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ARTMO's main window

Principally, ARTMO allows:

. Toconfigure and run leaf and canopy RThs, independertly or combined, in an intuitive way through various GUls with input options to insert single values, value ranges, or imported
external datazets.

To simulate and store & massive quantity of spectral output based on & look-up tsble (LUT) spproach in 8 relationsl database

To plat groups of simulated spectra in the same plotting window with color gradients as & function of input parameters.

To export simulated spectra and associsted meta-dsta to a texd file for further processing

Toanalyze and apply retrieval technigues in order generate maps of biophysical parameters from optical remate sensing imagery
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. MLRA mapping based on User data
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Schematic overview for systematic evaluation of nonparametric regression models to
estimate biophysical variables
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\
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MLRA mapping based on User data

The example will demonstrate how to train and validate single-output MLRA models and
apply it to an image using a field dataset for training. Consult the Manual for more details.

The procedure will be as follows:

1. User data: Insert field data for training and validation

2. Single-output: Choose single-output MLRA models and define training/testing partitioning
3. Validation: Validate the defined MLRA strategies

4. Retrieval: Apply the best one to a remote sensing image.

) MLRA Toolbox [v. 1.05] — 0] x|
Input Settings Validation Retrieval Tools Help N
—
L Input Settings ValidationN, Retrieva!Plools Help
: ————— -
RTM data Single-output New ) Save User’'s manual
(: User data > Multi-output Load Load Installation guide
Load image Test database —— | Disclaimer
{optional) Settings
Load land cover class View maps
(optional) View figure
Select project Rename
Edit settings Delete
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 Non-parametric models
e SimpleR [Camps-Valls et al., 2013]
e http://www.uv.es/gcamps/code/simpleR.html

Principal component regression— PCR
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Neural networks — NN

Hidden nodes layer

Input nodes layer

Also:

* Elastic Net (ELASTICNET)
e Bagging trees (BAGTREE)
e Boosting trees (BOOST)
e Neural networks (NN)

Partial least squares regression— PLSR Decision Trees — DT
% v ¥ o) oy
PLS componant @ @ EI st
T -
. = §D
‘ (=] [=]
&)
Kernel ridge regression — KRR Gaussian processes regression - GPR
R™: input feature space K high-dimensional R”: input feature space K high-dimensional
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ey Sy s
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e Extreme Learning Machines (ELM)

e Support Vector Regression (SVR)

e Relevance Vector Machine (RVM)

e Variational Heteroscedastic Gaussian

Process Regression (VHGPR) 7/20
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Input: User data (e.g. field data)

User data for training and validation requires one input file, including:
1. Biophysical parameters (e.g., LAl, chlorophyll content,...)
2. Associated spectra (e.g., obtained from a remote sensing image)

User data need to be organized in a matrix format in plain text file, according to example below:

&) EditPad Lite 7 - [C:\Users\Jochem Verrelst\Dropbox\ ARTMO\HyMap\SPARC03_spectra_BiophDat... — =
Eile Edit Search Go Block Extra Convert Options View Help
OB E- lOo-o-ls!. DB AR EE-T-0-0-@8-@

‘ __| SPARCD3_spectra_BiophData06_dbLEQ_HyMap_ARTMO.txt |

Input

parameters
ag2.4 | 197 222 387 243 288 188 283 186 288 398 328 358 248
478.1 | 177 224 325 252 287 180 214 176 292 a16 373 387 259
493.4 [ 206 251 351 284 240 223 230 191 352 as1 422 as7 287
ses.s | 26e 387 429 338 290 264 280 243 408 581 486 497 341 .
s24.1 M 472 588 875 579 488 477 485 245 513 599 658 671 539 A d
s39.4 M 625 637 828 735 625 688 615 584 746 819 778 791 680 ssocClate
WaVEIengthS ss4.9 M 648 668 862 764 652 631 643 584 794 874 832 845 783
s70.2 M 545 575 755 855 562 529 548 585 725 848 798 825 618 spectra
585.2 M 448 498 658 548 473 432 445 405 665 817 754 881 535
620.2 M 405 460 614 580 434 308 416 369 650 822 754 814 se4
616.3 M 352 413 561 243 391 351 366 315 625 g8 737 812 453
631.7 M 326 388 528 a18 367 316 340 295 587 g1e 742 823 431
6456.5 M 285 346 465 371 329 271 312 256 586 889 722 814 395
fR1.5 M 761 379 437 347 Iaa 758 788 276 SAa A1a 741 a37 3ma ¥
>
h ! h =

Regex Case Adapt Words File- Vmoe Line lnwvert - | &
- - i e ~ Find Mext (FB]l I | | B P
i | Insert TAdomns Windows 1252 -—  Find the next search match after the current position of the te:

* Make sure to fill up the whole Matrix! In case of empty cells, use NaN and remove those samples in the following
step.

* Make sure that wavelengths are the same as the remote sensing image! They need to match. A band selection or
band transformation can be later done in Settings. 8/20



Import User data window

Save and load
inserted data

T DT'SER data

INnput

< User data >
age

{optional)
Load land cowver class
{(optional)

Control delimeter Import USER data
Characft?r or Text file iZ.\HyF'Ianl_.JuIich\SPAF!CD3_spectra_EinphDataﬂG_dhLEO_HyMap_ARTMO |us_: _SEIECfEd
header fines  opton oo input data:
Delimiter character L Lz 13 L4 1 parameters
Tab e g 43.9002 43.5002 48.500.; I on top (rows)
A Sampfe of the 01234567891011121 : 0 0.5900 03100 0.3700 and SpECff'a
443 195 213 306
fnpr text file is 452.4000 197 222 307 below
visualized. HOM 11121131 1411511 e % = = (columns).
—_— : S o0 ers
539.4000 625 B37 G286
bty 2144 o £54.9000 646 668 %il;‘ . .
N 14514514 514514514 514 514 514 02020 _‘L| L4 Startfng hne
Chosen input — )
arameter and Pormmater Line rum:rs}lel:hald (_l—-specfra. Convert

P : Parameter Uine version factor: - units if needed.
corresponding column > | | Carmined| Select Column Unit wavelength
Parameters can be Sel...|_Descripdon [Co...|

. ID class line [ Add 1 | ¥ Column#2 2
combined (product) S ok TR

| Select [ Parameter ] Linel | line2 | : :E Column # 4 4
T c— g e -

. & ¥ Column # 7 7 Op f,'on fO
inserted input 7| o f remove
paramez‘ers Delete selected | Deleteal | Al | _ciear a1 samples.

1. Browser: Import User data file.

2. Inspect if right data in left panel. By clicking on OK data will appear in right panel.

3. Define a row with a parameter to its line. Click on Add. Multiple parameters can be define by repeating this
step. Parameters can be combined.

4, Define the row where spectra starts.

5. If needed, convert spectral data.

6. Option to remove samples.

7. Configured input data can be saved and loaded as .m file.

8. Finally, click on Import.
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Single-output Settings

Option to apply a
band subselection

or transformation | G

if a fand cover map
has been provided,_}
per clas scan be
configured.

Multiple regressors
can be selected —

If RTM data is inserted
it can serve for training
or validation

_|% Train Ii I” Range

) Single-output

Bands tools "
Class: ge ;]
— MLRA Settings -
| Select | MLRA approaches |
B east squares linear regression -~
4 =l components regression

Ling | artial least squares regression

4 | T Regressiontree
—?5 [T Bagging trees

el = Ranctine traas LI

Parameter Gaussian Noise [0-100%)] I u Range r
Spectral Gaussian Noise [0- 100

-RTM data [=0 - <100%] R data [=0 - <1008

Train I ™ Rg

Settings

Single—outpub

Multi-output

<) gui_mod_mlao7 M= B3
Parameter noise - Range:[0-100]
Min: I 0 Max I 20 |Step j I 2
0K, |
Range options:
e Step
e Distribution

Options to add noise
to parameters and
spectral data

Options to control
— the training/validation
partitioning for user
data

Select the nonparametric regression models to be trained and validated.
The option to add Gaussian noise is provided. A range of noise scenarios can be applied.

Select the User data training/validation partitioning. This will randomly partition the input data in a
training and validation dataset. Make sure to keep some data for validation (thus < 100% training).
Also a range of training/validation partitioning scenarios can be applied. If no validation is required,

go directly to Retrieval.

Click on Finished.
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Settings

Multi-output Settings )i

When multiple input variables have been selected, the following regression
algorithms provide multiple-outputs with the same single model:

e partial least square regression (PLSR)

* neuralnetworks (NN]
o kernel ridge regression (KRR). :

Class: |Fu||_image j
— MLRA Settings
Select | MLRA approaches

- Partial least squares regression
2 [T Meursl Metwork
3 r Kernel ridge Regression

Parameter Gaussian Moize [0-100%] I o r Range
Spectral Gausszian Maoize [0-100%] I u] r Range

USER data [-0 - =100%] ——

RTh data [=0 - =100%] ———
|7Train I r Fanye |7Train I [~ Range

™ onlytrain T Only Yl ™ cnlytrain: T Gnly .

Finished |

The same options as Single-output are provided
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Validation

<) =100 %]

Table name

Start a New validation: provide a name |

ik Cancel

e All MLRA scenarios will be trained using training data and
validated against validation data according to goodness-
of-fit indicators:

— R, R%, RMSE, RELRMSE, NRMSE, ME, MAE (see manual)

e Results will be automatically stored in a MySQL table.

e When finished, an overview table will appear (see next
slide). Such overview table can also be consulted when
selecting: Load. A window with generated validation
results will appear: (see next slide)

Validation

N ew
Load




MVLRA validation

Options to organize
statistics per Class,
Parameter, stat. and
# of bestresults

MLRA validation table:

| ME

0.10 1?. 1.2031
03863  1.2821
-0.2045 14884
-0.2859 16940

RMSE | RELRMSE | NRMSE |

46,6257
50.2073
57.9376
65,9738

0.9536
0.9377
1.0609
1.2089

20.2876
21,7858
25.0998
285812

0.7484
0.734¢
0.5571
0.668:

| H

Overview of best o] ,
performing MLRAS-_l—;; o e e s
The check boxes B | T
aflow to selecta
MLRA modef for
retrieval, the graphics
for graphics outputs. dJ
One20ne = MI‘“ Export draw
Graphic options: [Lvosr Ragrensio B
1:1-line, sigmas |-> [::f“m =i 3
(GPR), and 2D y [ mh B
correlation matrices. Ll T
Axis X [spect noise =] ma] o
A Y [mode_train =] mex| o

Options 10 control __[ © semsms oo _sets | oo

Export Table [

1 [Ful_image

Class

| Parameter |
LAl

BER
Kemel ndge Regrassion

{spect no... param_n... imodel_
20 0

Done

Option to export a
" table to a .ixt file.

Selected MLRA
model. With Done it
. wilf be moved fo

graphics properties.

Retrieval.

Choose how to sort outputs, according to parameter, statistic and number of top results per regressor. Click on OK.

Select a MLRA scenario for retrieval (e.g. the top performing one). It will move to lower panel. When clicking on
Done it will move to the Retrieval window (slide 11).

Select a MLRA scenario for Graphics plottings: 1:1-line measured vs. predicted. For GPR additional band relevance
information will be provided. Make sure to have User data loaded, because the selected model will be

regenerated.

In case ranges were introduced (noise, training/validation partitioning), validation results can be plotted in a 2D-
matrix. Results are plotted according to selected parameter and statistic.

13/20



Examples of validation results

2D-matrix with validation results according to

Measured data (validation) vs.

estimated data along 1:1-line

-} Figure 1: Gaussian Processes Regression
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<} Figure 2: Kernel ridge Regression
fie Edit Wew Insert Jools Desktop Window Help Options Residual plots
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For GPR sigmas (band relevance) are provided. The
lower the sigma, the more important the band.

) Figure 1
Eile Edit Yew Insert Tools Deskiop ‘Window

Help  Options

EE IR

= an=gE LR

Gaugsians Processes Regression
SMNoise:0 - ParmMoize:0
RThdtrain:0 - Usertrain:50
40 T T T T

38

30

250

20

sigma

ld Band

selected parameter and statistic.

) Figure 2

File Edt View Insert Tools Desktop Windo

Help  Options

BEE PN s =T

R2_Full_image_LCC_Gaussians Processes Regression

user train [%]

0 2 4 B 8
spect noise [%]

0 12 14 16 18 20

When clicking on Options, options are provided to

control the the figure properties and export it.

. settingmaps_gui =] 3
Save Load Save colormap ~
Currert sxes [Pop-up Meru =]
— Color Save as
Calor farmat

Elack-and-white = I I~ Fiip

Limits [min - maix]

Jnochange =] o [ o

INn save 'I I a= figure

Paper size (om)

[awta =
Colorbar Legend Resalution [Vt Heiot]
[Eastoutsice [0 [ 7 [ 7

| [mwocrarge -]

¥ Show Axis ¥ Show Title

oriertation

!7* iy

axiz limit:
’7(2‘ tight O ill i auto

Aspect

’7(" equal © image O square

" yser | axis fort size
Mo change =
label fort size

= normal

Mo change =

Hlabel |Auto e I IU s I
label IAutn 'l ID 'I

Sample I setup detault

O I
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Retrieval

Options to organize
statistics per Class,
Parameter, stat. and
# Of best results g B2nds toos

— Retrieval configuration

Select per land cover
Select class

Retrieval

N

ﬁrsion ParameterYLRalgorithm

class, parameterand 3 [Ful_image

MLRA.

Options to add

sses Regression

C Gaussian Proce
Parameter Gaussian Noise [0-100%] 0 Spectral Gaussian Noise [0-100%] r 0

RTM data [0-100%] data [0-10
noise and select
. . Train | Trai 100
training %. Here, | bk _
o ..
1OOA trammg can Delete selected | Delete all n'
be chosen. :
[ ! Class _Parameter[ MLRA {spect_no...|param_n.
1 |Full_image Lcc Gaussian Processes Regressi... 0
Sefected MLRA =T 7|
model.
Al | 2
Mapplng opﬁons Select class Parameter Bands _ —
Full_image ;I ILCC ;] |Se|ect option: > OK | >

Instead of going through the validation procedure, one can also choose to immediately train a regression model and
apply it to a remote sensing image. User data has for training to be first inserted (see slides 4 & 5).

1. Select the parameter and the regression model.

2. Optionally noise can be added.

3. Select the training partitioning. Here 100% training data can be applied. The configuration need to be ADDed and
chosen model will appear in the down panel. In case a model has been selected during the validation step, it will

directly appear in that panel.

Band tools options are provided (e.g. spectral subset, PCA).
5.  When clicking on OK, the mapping procedure will start (see next slide).
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eval

Retrieval

The mapping of selected biophysical parameter requires the following steps:
1. Select the Output directory
2. Select the directory with Input images

3. Images according to ENVI file format (including .hdr file) will be identified and listed.
Multiple images can be selected. They will be processed one-after-another.

4. When the processing is done, the output maps can be viewed. Select one through Open
Map and click on PREVIEW.

Buscar carpeta [ <] Buscar carpeta [ =] o !li[ E

Qutput file directory Select directory with input images

Bl Escritoria Bl Escritario
i Biblictecas
& jochem
E11% Equipo
= & Disco lacal (C:)
Bl Disto local {0
artma_dats
artmo_v3
eeeeee
FOTOSIESUS
MYSOL MYSQL

201 20523-5EL-1423-1780-L0

FFiles FFiles

trabaijo trabajo
i Unidad de DVD RMY (E:) 4] Unidad de DVD RW (E:)
Unidad de BO-ROM {H:) [ gy KINGSTOM {F:)
52 artmo (Yidonatello uv.es) (2:) 45 Unidad de BD-ROM (H:)
1€ Red 58 artmo (V\donatello.uv.es) (Z:)
ARTMO_sentinel € Red
Juan Pablo ARTMO_sentinel
julis julia -
PARCS_Frotal_outputs PARCS_Ftotal_outputs 4 I »
SGM_trial_Mayz013 SEM_trial_May2013

Select all |
Concel_|

<

<) Select output image [_ | =]

Open Map k|

Carpeta: | ARTMOVS

A drop-down list will show the provided output
layers. One output map can then be peviewed. [Pop-up Menu -] _PrEviEw | save |
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Retrieval

Final maps

M=l <} settingmaps_qui [_ (O] x]
-1 ™

Save Load Sawve colormap

<) Figure 2

File Edit W¥iew Insert Tools Deskkop Window HED ©Options
_"|_"§H-GQ|IQ|+\‘\{”?@\-|-_£' J|:||Z|| i Currem.&xeslm
— Colormap — Save az...
Color farmat
IBIack-and-white j [+ Flig INo zave 'l [ &= figure
Limit= [min - max] Paper size (cm)
l INo change d I a I a IALﬂD j
Q" ,? . Colarbar Legend Resolution
fwﬁﬂ - l IEas{Outside j INo change d I a0 I 7 I 7
“.& = — Mxis
— orientation——

-~ ¥ Show &xiz V¥ Show Title
. ’ - Le I Cl

4 axis limits
> : :
6" £ tight il " auta " Lser | @xis fort size
! IND change b I
' Azpect )
label fort size

. ’ O equsl O e & narmal
> ﬁﬁ ’7 L image sHjuare narma lm
4 |
kel IAu‘to 'I I 'I
*lakel IAuto b l ID - I
Sample ™ setup defautt Ok |

e Visualization of an output layer. In Options, map properties can be controlled (e.g. color
scale, color table).

* Make sure to orient the map according to ij for correct orientation.

The map can be saved according to various vector or bitmap formats. Redundant white

space around the figure will be automatically removed.

e Settings can be set as default — will be automatically applied to subsequent maps.

* Click on Sample to visualize the map. Click on OK to save it away.
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Tools

Options

<) Settings MLRA =i 3 |

MLRA Options
Sead I 1234

v Change negstive results
I 0.0001

v Zkip Mak Value and change to:

I 0
Regression options
INDrmaI j

Control speed [=]

v Proceszing model speed [=]
v Processing mapping speed [=]

[~ =ave mapping speed [=]

I |

View a map - select a band

Open Map

<} Select output image =]

|

IF'Dp-up Menu

[ PHEUIEW'

) Figure 2
File Edit View Insert Tools Desktop Window Help Options

=1 E3

D de || RAN9EA-S|0EH|ad

Settings
View maps
View figure

Rename
Delete

Delete validation tables

< List of MLA test 1 =] I

Select a test:

E L
4_CHRIS_MLRA_noisze30
15_CHRIS_SPARC multiouti
9_CHRI=_multi-output_noises
S_CHRIZ_hMLRAS_noiseZ0

15 _test

| L] I Zancel I




Field & RS data

SPARC data set (July 2003; Barrax, Spain)

e Field data (135 points):
— Leaf Chl measured with CCM-200
— LAI measured with LiCor LAI-2000
— FVC measured with hemispherical photographs
— 30 additional bare soil samples

e Spectral data:

— CHRIS mode 1 (62 bands; 34m) nadir
spectra (July 2003). Data has been
resampled to Sentinel-2 (20 m: 8 bands)

— HyMAP (125 bands; 5 m)

- Geo/radio- T
Atmospheric » metric [l SPARC SPARC
s correction CHRIS HYMAR
Blonso y Moreno, 2005

suanter et al, 2005

—

SPARC
HyMAP

Lud

SPARC
CHRIS




Excercise

v’ Evaluate the performance of MLRAs using a field dataset and remote

sensing data.
v Apply the best performing regression algorithm to a RS image

MLRA Toolbox [v. 1.05] =1 x] |

Input Settings Validation Retrieval Tools Help ~

g e 1
~
Class: IFuLmﬂDe j
[ Taxtflle [ZHyPlant_iich\SPARCO3_specira_BiophDaisn_dbLEG_ Hyhhap ARTMO_plus 3 | Browesr | — MLRA Settings——————————————
LH S e Ko [T T T TPy e L= T Select | MLRA
. B N LT I T Ny a8 ans a0 R |  — e 1 I”  Least squares linear regression -
. 3 n 3 s 23 246 3 14 L% 13 1 e a 3 fl 2 | ™ Principal =
. B4 BN 0.7 832 BEl 9 03 83 O B e 0.8 BTN 1t e s N N | 2 | rincipal components regression
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