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Schematic overview for systematic evaluation of spectral indices
models to estimate biophysical variables
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S| mapping based on User data

The example will demonstrate how to assess and validate S| 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. Assessment: Evaluate best performing band combinations, formulations and fitting functions
3. Validation: Validate the defined MLRA strategies
4. Retrieval: Apply the best one to a remote sensing image.

Input
BT data

Load image
[optional)
Load land cowver class
[optional)

Lettings

Select project
Edit settings

Accessme

M e
Load

Retriewval

>'u::u::-l5

Load

Test database
Dptions

Add spectral index
Add fitting function
WView map

WView figure

Rename
Delete

Help

Uzer's manual
Installation guide
Dizclaimer
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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., LAIl, 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-l«. DB AR EE-T-0-0-@8-@

‘ __| SPARCO3_spectra_BiophData06_dbLEO_HyMap_ARTMO.txt |

e 5 6 7 t

@ | p

@ 2.79 npu

@

e parameters
177 224 325 252 267 180 214 176 292 a16 373 387 259
206 251 351 284 248 223 230 191 352 a1 422 as7 287
260 307 429 336 200 264 280 243 408 581 466 ag7 341
a72 508 675 579 488 a77 ass aas 613 599 650 671 539 H d
625 637 828 735 625 608 615 584 746 819 778 791 680 ASSOCIate

WaVEIengthS 646 668 862 764 652 631 643 584 794 874 832 845 783

545 575 755 655 562 529 546 585 725 846 798 825 618 Spectra
448 490 658 548 473 432 445 405 665 817 754 gel 535

485 468 614 >89 434 398 416 3689 65@ 822 734 814 Seq
352 413 561 443 391 351 366 315 625 888 737 812 453
326 388 528 418 367 316 346 295 6av 8le 742 823 431
285 346 465 371 329 271 312 256 586 889 722 814 395
2R1 3249 437 342 3AR 258 2RA 27R 5RY9 A1AR 741 /37 g ¥

Regex Case Adapt Words File- Vmoe Line lnwvert - | &
- - i e ~ Find Ne:ct(FB]‘ I | | B P
11 Insert TAdons 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. 5/17



Import User data window

Save and lfoad
inserted data

<470 ''SER data
Save

INnput

< User data >
=} age

{ocptional)
Load land cover class
{(optional)

Selected
input data:
parameters

below
(columns).

Control delimeter Import USER data
character or
header hnes Textfile lZ\HyPIant_Jullch\SPARCOB_spectra_BlophDaIaOB_dbLEO_HyMap_ARTMO lus
Option text file
Delimiter character 1 1 < ‘ 3 | 4 |
[ 1 2 3~
[ 48.5000 48.5000 48.5000 on top (rows)
- 0 3 3 3
A samp}e of the - 0 05900 03100 0.3700 u and SpeCtra
. o 443 195 213 308
mnp ut text file is 462.4000 197 222 307
. . 4781000 177 224 325
visualized. ; 493.4000 208 251 351
508.5000 260 307 429
Iﬁ ) 5241000 472 508 675

539.4000

554.9000
Line

. 20 = Al
Chosen input J @
NSt row spectral d&a
‘version factor: 5

parameter and [ Tcc ;
Line

cotrresponding cofumnl 3 I"’"a'"e‘e'

Parameter

Starting line

(_l—-spectra. Convert

units if needed.

Parameters can be | El e .
combined (product) s % E camnrs 3
Inserted input e ptionto
parameters Dette selected | __Deets ot _| n [ cen] 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. 6/17



Settings

If a land covermap  pyrm s B3
has been provided,

) Class: [Fulimage =] ) gui_mod_mla07 =] B3
per C"jaSS scan be — Spectral index - - Parameter noise - Range:[0-100]
con ﬁ gU!’ ed Broadband Greenness .
I E Select | Spectral Index [acromym | Equation | Min: | 0] Max | 20 Jsten = 2
A Sf group and | 1 | [T green Mormalized Difference V... Green ... (Rnir-Rgreen)... Ok |
; 2 [T Mormalized Difference Yegetat... NDVI  (Rnir-Rred)d(R...
then mul t"p le Sls | 3 | [T simple ;:ﬁn T SR (Rnir)Rred) .
can be selected | 4 | [ Enhanced Vegetation index  EVI 2.5*((Rnir-Rre... Ra nge options:
5 r green Mormalized Difference V... Green ... (Rnir-Rareen)/... . Ste p
[ fctions ® Distribution
A fitting function group | |smo |
and multiple fitting select | Fiting function Equation |
i 1 [ inear T{x)=mtaceh
functions can be 2| [ exponertial  fio=arexpib)
3 | [ logarthmic ftx)=hem®log(x)
selected 4 | T power fx)=*(xem)
2 L pobmomia? ()62 (20 (a1 x0ve0 Options to add noise
Outliers [Wiihout analysis =l to parameters and
— Noise settings spec tral data
Parameter Gaussian Noize [0-100%]  Spectral Gaussian Moize [0-100%] +I_
If RTM data is inserted [ 0 Ronge [ o T ree Obtions to control
it can serve for training - rimaata - USER data thp trainina/validafi
or validation Train [0-100%) [ fange | | Trainio-100%) I Renge i
lidat [— I— é'— € rraining/vailaation
_L) o partitioning for user

I~ Onfy train 7 1Oy test I™ Oty train [T Onfy test

J data
| Finished |

New formulations and fitting functions can be configured in Tools:
- Add Spectral Index

- Add Fitting functi
itting function /17



Add spectral index

The 'Add spectral index' window allows adding a new index to a list with pre-defined SI's. Spectral indices can be created

manually using the GUI or imported.

SI's are organized in 'Sl Groups', according to their similarity in definition, e.g., broadband, narrowband or according to certain

pigments or water absorption properties.

<) Add spectral index M= B
Mew 5 Group  Mew Spectral Index  DE tools N

Spectral index by user

Sl group

IBroadband Greenness j

Spectral index

Mormalized Difference Vegetation Indesx Eclit

Hame

I Mormalized Difference “Yegetation Index
Acronym
| MDY

Equation
| tRnir-Rred)(Rnir+Rred)

E.g.: (b2-b1){b2+b1) Eval |

Eand | Default | range rmin | range max|
1 |Rred u} u} u}
2 |Rnir u} u} u}

Save |

New Sl group:

4

Mame of the group

I =] 3

Ik

Cancel |

Import Sl:
<) gui_mod_visl6 [_ =] |
Select database
Ia_sensiz j
Select group
IEIrc:adband Greenness j
Select Sl
Select| Acronym Mame |

1 | [T EBw Enhanced Yegstation |...

2 [T GreennDw green Mormalized Diff ...

3 [T Mo Mormalized Difference. ..

4+ | [T =R Simple Ratio

|migort |

New spectral indices can be added by clicking on ‘New Spectral Index’ in the top bar. When doing so, the boxes ‘Name’,

‘Acronym’ and ‘Equation’ become editable.
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Validation

<

Table name

Validation

N ew

M= B3 Load

Start a New validation: provide a name |

(8134

Cancel

e All SI models will be trained using training data and

validated against validation data according to goodness-

of-fit indicators:
— R, RZ, RMSE, RELRMSE, NRMSE, ME, MAE (see manual)

* Results will be automatically stored in a MySQL table.

* 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)

< List of MLA validati... [ E3

Zelect Walidation t4Lisk of MLA walidat

Eoa =0 qo0b
ESa,_S2_S0TT_new




Calibration/validation

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

Overview of best
petforming Sf
correlation. The I
check boxes allow fo
sefecta Sf for
estimation, the
graphics for graphics
outputs.

Graphic options: 20
correfation matrix
(based on
correlation between
Sf values and
calibration data)

<} Assessment table: test_3janz014

Assessment table: test_3jan2014

Class

JFull_image ( = eaee

o 50 0.8958
o S0 08958
0 50 0.8958

Export Table F

Retri... | Auw. info.
1 [ r NDWI exponential
20 T I~ now theil_sen
3 r r MO inear
Malrixf2 (S-Measured)
Class Parameter |
|

Bands |spect_no...|param_n... [model_train| user_train

Clear table I Done

___ Option to export a
table to a .txt file.

Selected S model.
With Done it wilf be

< moved to Retrieval

—Option to proceed directly with the mapping.

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

Select a SI model 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 SI model for Graphics plottings: 1:1-line measured vs. predicted. 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.
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Index vs. variable & fitting function

) Figure 4
File Edit View Insert Tools Desktop Window Help Options
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Examples of validation results

Measured data (validation) vs. estimated

data along 1:1-line

Correlation matrix

<) Figure 2: Full_image - Calibration

File Edit ‘iew Insert Tools Desktop Window Help Options

A EINEEE R

20E|=O

LCC - NDWI - polynomial2 - R2

Spectral noise:0 - Pararmeter noise:d - % train RTMW:0.00 - % train USER:100.00

2408

2064

1648

1327

Wayvelength [nm] B1

1037

738

735 1037
Wavelength [nm] B2

1327 1648 2064 2408

1

0.8

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

-} Figure 1 [_ O] x]
file Edit Wew Insert Tooks Deskiop Window Help Options ~
NEHS AR TDE£- 2 (02[aD
LAl
T
.
=13 .
PR
.+
A -
sl H
..
.
v e
B s + o « "...
e . LAPEYEE
= . - +
w 3 ’,:ﬂ“:-*v‘o -
.
0‘ M
2r + .
.
* 0. +
1k
"' P
0 L L L . L L )
o] 1 2 & 4 ] B 7
Measured

When clicking on Options, options are provided to
control the the figure properties and export it.

Save Load Save colormap -
Currert Axes [Pop-up Menu  ~
 Colorma Save as

Calor formet

[Bck-ancwhite Sl F i || iesae 2| T ss tigure

Lirits [fin - max]

Mochange || 0 [}

Auto

Colorbar Legend

Paper size (om)

Resolution

EastOutside  |*| [Nochange 300 7 7

Kiabel [Auto B B
Visbel [Auto B B

5 H orientation—
V¥ Show axis ¥ Show Tile
’Vf' iy
s limits 1
’7(-‘ tight il  auto € user | ais font size
Mochange ¥
Aspect
label font size
 eoual " image  squars (% normal

Mochange

ﬂl I™ Setup defaut

Ok
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Retrieval

If a land cover map
is provided, option

fo assign a SI model
per land cover class.

Manually prepare a
Sl model: select a Si
group, Sl and select
wavelengths

— Select spectral index
S1 G

— Select fitting function
Curve fitting group

oadband Greenness
Hame index

0 Select
0 Select

<Epectral Noise [0-100%] | 0 Parameter Noise [0-100%] | © >

Calibration settings

) gui_mod_vis13 M= 3
— Retrieval configuration
=P Select class [Ful_image W I Parameter ILCC ;l

Option to add _| A I~ Make calibration
noise to spectra RTM data [0-100%] USER data [0-100%]  Outliers
or parameters [ | Jwithout anaiysis 2l
ADD 11:_
Sl modelas Class Parameter sl | Typefitting
selected b_j/ Full_image: LCC NDWI logarithmic
assessment
4 | i
Delete selected | Delete st |
Select class Qutput Parameter
[Fun_image e | oK ﬁJ

Retrieval

Select parameter

e—

Select fitting
| function and
assign coefficients

Add the manually
'_prepared S model!

= Start the mapping.

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

1.
2.
3.

Optionally noise can be added.

Select the index formulation, spectral bands and fitting model.

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. When clicking on OK, the mapping procedure will start (see next

slide).
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Retrieval

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.

Select directory with input images

B Escritoria
4 Bibliokecas

artmo_v3

ARTMONVS
eeeeee
MYSQL
PFiles
trabaijo

el Unidad de DVD R (E:)
] e KINGSTOM (Fi}
1 Unidad de BD-ROM (H:)
B artmo (\idonatello.uv.es) (Z:)
= € Red
ARTMO_sentine|
Julia
PARCS_Ftotal_outputs
SGM_trial_May2013

Bl Escritario

4 Bibliot:

2 jocl

=i

Bew

FOTOSIESUS
MYSQL
PFiles
E ) trabajo

43 Unidad de DVD RW (E1)
&4 Unidad de BD-ROM (H:)
8 artmo (Yldonatello.uv.es) (Z:)
i Red
® [L ARTMO_ sentinel
Juan Pablo
julia
PARCS_Ftotal_outputs
SEM_trisl_May2013

Carpeta: | ARTMOVS

Crear nueva carpeta

) N .
0120823-SEL-1 350-0600-L:
201 20823-SEL-1423-1780-L.

[« | _>|j

Select al |

O I Cancel |

<} Indput data !EI m

Erter Spectral 2cale factor

200

Ok Cancel |

A drop-down list will show the provided output
layers. One output map can then be peviewed.

<) Select output image [_ | =] |
-

<<

IPop-up Menu

-] preview | save | 13/17




Final maps

<) Figure 2

File Edit W¥iew Insert Tools Deskkop ‘Window

D Cplions

= E3

j_iaublh|+\_\€-r?@\+ﬁ.h£' J DE||

— Colormap — Save az...
Colar farmat
IBIack-and-white j [+ Flip INo zave 'l [ &= figure
Limit= [min - max] Paper size (cm)
: l INo change d I a I a IALﬂD j
Q" ,? Colorbar Legencd Resalution
4 i - - 300 7 7
f_ﬁ% o IEas{OMSlde J IND change J I I I
. .
& — Axis
d — orientation——
¥ Show axis W Show Title

<) settingmaps_gui M= B
™

Save Load Sawve colormap

Retrieval

Current Axes IPDp-up Menu 'l

Le I Cl

axis limits
’7(3“ tight ill  auto © uzer

axis font size

IND change b I

Azpect

label fort size

IND change - I

’7(" equal { image ( sgquare % normal

Hlabel IAu‘to 'I I 'I
*lakbel IAuto 'l ID 'I

Sample I~ Setup default

Ok |

* 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 =

Load
Test database
Options

Options Add fitting function Add spectral index

Add fitting function

i sI options !EI m | ) Add fitting functions [_ [T x| Wiew map

Wiew figure
Fitting functions —
= Remarne
Sl Options Fiting Group Detete

ARTMO - View map
Seed I 1234 I ) J n
EQ fitting ) Select output image I =] |
|

[ Change negative results I""‘ESIr S Open Map
I 0000
Hame
v Skip Mal Yalue and change ta: I linesr Pop-up Menu H PEEs I
I—D Equation
I flxl=m*x+h
sl seed|E] E.g.: m*x+b (independent variable must be 'x") Eval | Rename/delete DB SI rESUItS
v Processing madel spesd [s] Param. .. | Defaulk | range min | range max |
v Proceszsing mapping speed [=] ; :‘ E:?ﬂ; ::: E:: ele-:t atest:
[ zave mapping speed [=] _L ) c C HyMap. 51 ND

_ ok | e |

=

O I Cancel |
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Field & RS data

SPARC data set (July 2003; Barrax, Spain)

* Field data (135 points):
— Leaf Chl measured with CCM-200
— LAI measured with LiCor LAI-2000 G
— FVC measured with hemispherical photographs e Ns " e

— 30 additional bare soil samples

* 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- E
-» Atmospherlc » metric ] SPARC SPARC
correction T CHRIS HyMAP
Gua

nter etal,, 2005 Alonsoy Moreno, 2005

SPARC
CHRIS

SPARC
HyMAP




Excercise

v’ Evaluate the performance of Sls using a field dataset and remote sensing
data.

v Apply the best performing SI model to a RS image.

J. Spectral Indices Toolbox [v. 1.03]
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