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RTMs are important tools in EO research but for the broader community these
models are perceived as complicated. Only very few of them offer a GUI.

Which RTM to choose? Only very few of them offer a GUI
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(Zarco-Tejada et al., 2006)

* No GUI exists that brings multiple RTMs together in one GUI

* None of existing GUIs provide retrieval strategies for biophysical parameters

retrieval .
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To fill up this gap:

» To develop a GUI toolbox that:
e operates various RTMs in an intuitive interface
e provides a comprehensive visualization of model outputs
* works both for multispectral and hyperspectral data

* enables to retrieve biophysical parameters through various
retrieval methods

 takes different land cover classes into account.

3/31



Toolbox for EO applications:

ARTMO:

Automated
Radiative
Transfer
Models

Intuitive

Operator \Generic \

Robust

¢

4/31



MATLAB

ARTMO v3.03

J ARTMO [¥. 3.03]

File Models Forward Tools Help

=]

— Project Description

Project Mame: I

Cu:ummerrt:l

SEnsar IND Sensor

LUT Clazs by map

LUT Class by User |

[

Tools

Sensor
Graphics
Spectral resample

Retrieval

Spectral Indices

MLRA

LUT-basad Inversion

Help

User's manual

Installation guide
Disclaimer

File Models Forward
Load Project Leaf 4 Loaf
New Project Canopy - Canopy
DB adminstration— —
Settings
Model inputs - v
R PROSPECT 4
Save New DB PROSPECT 5
Load Change DB v )
Delete . 45AIL
Update W FLIGHT
¥
LUT class
Project
Database
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Selection RTMs &
programming language

4SAIlL Verhoef et al., 2007 Matlab
FLIGHT North, 1996 Executable file
| teafktm |
Software packages: L Canopyrm_|
Programming language: Matlab® (7.9.0.529) MATLAB / ’
Database: MySQL® (5.5.5)

Image processing software: ENVI® 4.5




Website: http://ipl.uv.es/artmo/

y n Home

&«

C [1ipluves/artmo/ Q ¥y

ARTVED b

Radiative Transfer Models FRetrieval Toolboxes Tools Fublications Jain Us! Contacts

Welcome to the ARTMO website!

— Please registr DEely T, By o aEe Wit e Wl ey o tol s BRI ACITE: Jour oS il e e, e £ A art
soagegin—
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 agricutture. However, for the broader community these models are still often perceived as excessively
complicsted tools snd are not alvays easily accessible

The in-house developed Automated Radiative Transfer Models Operator (ARTMO) Graphic User Interface (GU)) is a software package that provides essential tools for running
and inverting & sufte 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).

s JNo Senso [El
LUT Cinss by mop_| LUT Clnss by User

ARTMO's main window

Principally, ARTMO allows:

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

To simulate snd store a massive quantity of spectral output based on a look-up tsble (LUT) spproach in s relations| database

To plat groups of simulated spectra in the same plotting window with color gracients 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

(LIS RRNY

" File Maodels Tools Aetioval Help
oad Broiecy L/ Sensor Spectral Indices User's manual
RCHRCIEE Lencey Graphics MLRA Installation guide
ATETET T Spectral resample | | LUT-based Inversion || Disclaimer
Settings
Model inputs £ PROSPECT 4
[ St PROSPECT 5
Save New DB DLM
Load ChangeDB | I ——
Delete 45AIL
Update FLIGHT

»
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Conceptual architecture ARTMO

Project
Management

l

Data Storage

v

Radiative
Transfer
Models

A

Each individual blocks will be further explained in the following sections. 8/31



ARTMO'’s hierachical data storage

J ARTMO [¥. 3.03] [_ = %]

File Models Forward Tools Help

Cratabase

— Project Description

Project Marme: I

Cu:nmment:l

Sensor IND Sensor

LUT Clas=s by map

-l

LUT Cla=zs by User |

[e.g. SAIL)

4

Project 1

le.g. Barrax //

Project 2
[e.g. retrievall

Project 3

(e ..}

LUT class by map: ENVI .hdr file

LUT class by User

c = ) User LUT dass table =l o3
) ) User LUT class tal -
T _ J Input data = O] x
. me |l 1 =
= B User cioss wable e S = Class Table
Cameade
s ! ID dlass ‘ Description |
o Class Table Mumber of classes = g 2
Caoea ot |t
Copetsde ID class | Description 2 2
Cametato < |
Carpeta de archy. 1 1 Unclassified 3 3
Carpeta de archi. —
Gl F 2 Water [Blue] 385 points.
Carpeta e arch 3 3 Bare Soil [Thistle] 93 points
Carpets de archi. 1 -
el N[ 4 Forest [Green3] 83 points Ml 0K Cancel
Caroetadeach. N [s 5 Shrubs [Greent] 84 points
ptashoiatis H 3 & Herbaceous [Cyan1] 273 points. |
prieny e =B
ey o] 7 7 Build up [Orange1] 123 points I
sechworoR 18 [l 8 8 Agricultural [ellow] 73 points
Arworon e —
presgrey ™ tl |
HyDIEe  Adwerca e N
i
' s | [T 9/31
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Project

weme: = Project management module

Selection
of a project

New
project?

) ARTMO [¥. 3.03] M= 3
File Models Forward Tools Help ~

— Project Description

Project Mame: I ——Yes

Comment:l

SenEmr; IND Sensor j Create a
project ID

LUT Clas=s by map LUT Clazs by User |

Select ID of an
existing project

<
D
Important features: v
v’ Load an existing project or create a new e
one. é
v’ Select a Sensor v
. . o I U tabl Classified map
v Choose whether a proejct should exist of ne s Serene (ENVI)
LUT classes. 2y
- D

v Import/Export DBs, delete class/project/DB

Generate ID
classes
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Data Storage

Class 1 Class 2 Class 3
(Forest) (Shrubs) (fields) Claigs ¥

Distinct RTM confiugrations
(leaf— canopy) for a land cover class

Important features:

ARTMO DB
(MysQL)

Project 1
(Brx nadir)

Project 2
(Brx 36)

Class 1
(Forest)

Class 2
(Shrubs)

Link to meta-

Project N

L Class N

data (fixed
values)

v Input, output and metadata are stored in MySQL DB

v In ‘Project Overview’ metadata of all projects can be

consulted.

v" LUT casses can be accessed.

Select Project

DB: scope_ps2 _ Change DB

Underneath: MySQL data storage structure

—

Option to
change DB

| [ m_proxcT NAME |
1 1
2

2

LUT Classes

DATE | SENSOR
20130502 NO SENSOR
20130502 NOSENSOR

[#anos[ewr..| #5m |
1

L

Overview of
=> projects within
selected DB

Overview of LUT-
classes within
selected DB

v All fixed input data and ranges of state parameters can

be consulted.
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Matlab
variable

mive | RT[VI module

Models

Entering
biophysical
parameters

Loading data
Parameters

 —— =
— e

File Green Leaf Spectrum Senescent Leaf Spectrum  Soil Spectrum  Bark Spectrum |
Input Parameters BeteziCiazs Undasstled 7
Dimension — Humber of hands Solar Angl
’7 @10 © 3D ‘ Bands 8 ’7 Zenith 24| Azimuth 162.8
GUI
~Mode of operation—  _yuken o hotons— view A " entrance 50|Idsptectra
© REVERSE Photons:| 10000 ’7 ot | 2121] g | 31520 parameters Bl
AOT @ 530 nm Soil roughness index- Leafsize
’7 AOT: 0.08 ’739\ o] 0 ’7 Size: [0-1] 0.01
— LAl Crown She i
[7] Range
Min: 1 ’7 @ Ellipsoid Cones Field data
Lleeyeerselangs £ Step: 05 — Crown geo parameters——— Inputs canopy Inputs leaf Inputs soil
Max. sparce range 10] gpep: 1 Cromn radiie | 0.880 RTM parameters parameters
FvC Centre to top distance 4.929
(Min D2 02Jstep] o Height 1 first branch
FGL Mir: 41
Min: 0.2 Step: 0 I 9.9
Constart Parameter () SEN @ BARK Walue 0.8 Trunk DEH 0.179
— LAD
[0-10] 0.151) [2030):| 0192 [4050:|  0.084 [eo70):  0.048 [E0-80) 0.042 Canopy RTM Spectral
fooop | 02se| (3040 025 [S0-B0):| 0081 [7O-BOL o041 models Resampling ?
oK

GUI of the model FLIGTH

Important features:
v' Insert a single value

Outputs
canopy RTM

v' Insert user-defined input data

v' Insert a range (stepwise or a
distribution)

ARTMO DB
(MysQL)

Project
Management
ID

v" Inset one or multiple spectra 12/31



o Entering data: PROSPECT-4

Models

A single value A range of values:
1) steps

—i0x

File Load external data N ) Probability density Function
Parameter: Cab Range: [0-100]
PROSPECT 4 MODEL
Selact LUT Class |Generic class j Min: | 5 Max:| 50 fstep | | e
— Leaf Structure (N) [1-4]——— — Chlorophyll {Cab - pg/cm®) [0-100]—

IUniform 'l Bar. & I Par. b I
I 15 [~ Range [ 7able I -5 [ Range [ Table |
Sample plot | Ok |

— Water thickness (Cw - cm) [0-0.05] — — Dry matter (Cm - g/cm? ) [0-0.05]——

0.03 [~ Range I 7able I 0.012 [" Range I 7able

’7Probability density functions

2) distribution: (uniform, normal, Poisson,
extreme, Lognormal)

2 Probability density Function [_ D] =}

Recorded user data (e.g. field data) Parameter: Cab Range: [0-100]

/) Leaf biochemical parameters [_[C]x] Mm: I 5 MSX: I 50 I# Samples j I 1DD
Leaf biochemical parameters e ; ; L
; Probability density function:
Control delimeter ¥ ¥ .
character or Text file [D‘\lrabajn\ARTMOJ:ursn\,suppnn filesspectral library\Prospect 4 y Stprospect.txt Browser INormaI j Mesn I 30 =tel I 10 im
: i
header lines Option text ile: g
s | Delimiter character s vl e e ] Selected !
> OK | [ 1 icab cw cm . = le plot
freo 1 [ | 2 |3148 0020 0.006 | input data armple p Ok | e
. 3 21574 0.008 0.008 =
A sample of the 4380 0005 |4 fss  om3 oo € S
. . . S 15051 0ms 0.004
input text file is 18 6 lsete ) s
visualized. 152 004 7 |26783 003 0.005
S e o om
| 9 [76.831 0016 0.008

L—— ooz : ;
| 3) Multiple input values

| Convert units

Chosen input ;
if needed

corresponding im: Dry matter cortert - Green Leaf =] Jeoumns =l
column PR T [Comverson...| Multipls input values separted by comma (e.g.: 1,2 3]

| 1 Calb: Chiorophyll AB - Green Leat Column 1 1

ﬁ | 2 |Cw: Water contert - Green Leat Column 2 1

| 3 |Cam: Dry matter cortert - Green Leaf Coluin 3 1

Avaflableinput - |
parameters Ok Cancel
Import 1 3/3 1




s _ Entering data: SAIL

Models

When not coupled with a leaf reflectancemodel (e.g. PROSPECT) then leaf reflectance and
transmittance data needs to be entered.

=10 x|
File Joad external data Leaf Spectrum  Dry Soil Spectrum  Wet Soil Spectrum N

OK to bring sample

5 S i i i
Leaf Spectrum: Class=Generic class > data to visualization
panel
) Textfile  DAartmof_jpisamplesieaf2 txt ]
4SAIL MODEL Optonto selec e
the Delimiter Opon text fle
. 1 2 3 4
Delimiter character i
= : Hooderl inss | [aig 1 |s00 0041097 &78E-06 0041037 4 Browser for
Select LUT Class Generic class - =1 2 |aon 0.041187 450606 0041187 | Selecting txt file

4000 0410874 T8E-060.0410974 75E-060 0410574 75E-06 3 je02 0.04128 419808 0.04128
0,041 0974 TEE-0B0.041 0974 FEE-060.041 0974 75E-060,041 007 4 a3 0.041367  3.87E06 0041367 | ]

— LAI [0—1 D] — Hot Sth effect ['[:‘ - 1]— 4.7BE-0B0.0410974 TEE-050 0410574 78E-060.041 0974 75E 05 5 |eoa 0041505 3.B0E-06 0.041506
4010.0411574 S0E-0B0.0411874 S0E-0B0 0411874 50E-06 :l,
0.0411874 50E-D50.0411874 SOE-0B0.0411874 S0E-080 041187 6 f40S DO41649 ~ SAFEI6 41649

T T 4. SOE-0B0.041157 4 SOE-0S0,041 157 4.50E-060.041 1574 S0E-05 7 406 0.041795 3.38E-068 0.041785
3 I_ Ran ge I- able U U 1 I_ Rﬂﬂg'-‘- I- able 4020 041264 19E-060 041264 1 9E-060 041264 1 9E-060 041 26 8 lso7 0.041958 3.296-06 0.041859 Visualization of
R "T1GE-050.041 264 1 SE-D60.041 264 1 9E-060. 041264 1905 9 las oos21a8  |3236.06 0.042148 .
0,041 264 19E-060.041 264 19E-060 041 264 1 9E-06 selected input
4030 0413673 B7E-0B0.0413673 B7E-06D 041367 3.57E-06 100|409 o2 SRS Eiosao)
0,041 3673 G7E-DB0 041 3673 B7E-060.041 3673 57E- 060,041 367 1 |40 0.042476 320606 0.042476 data
A I f I 'D I A h I D Sam p|e ofthe 3.B7E-0B0.0413673 87E-08D.041 3673 67E-060 041 3673 B7E-08 G  nanann EUP nnanzan T
— _ e = _ — it 4040.0415053 G0E-060.041 5063 BOE-DB0.041 5063 60E-06 <m ’ .
verage leaf angle (°) [0 - 90] Solar zenith angle (%) [0 - 90] selected it file Line from where

Parameter i
Datalinestart || Confertfacior T LS} gpectral data starts

I [~ Range [ 7able [~ Range [ 7able [ Lto perameters Select Column .
30 0 M = Seet | Piption | Cohm | e wavetongth and conversion factor

Reflec, leaf 1 -

Parameter Line

Micrometers  »
Trans. leaf 1
Reflec. leaf 2

-
| |Wavenumber
Trans. leaf 2 GHz

I

On some models

— Diffuse/Direct radiation [0 - 100]— — Observer zenith angle {*) [73 -73] | this panel will be

3| o [n | s =

activated so that a el e MHz Options to select
rans. leaf 3 Index N
Reflec. leaf 4 Unknown o Unit Wavelength

NiEEEEEEE)

I 10 [ Range = |7able I 0 r Range I= | 7able parameter can be :
assigned to data —— —
Options to select or

— Soil coefficient [0 - 1] — Azimuth () [0 -180] o TAs

I 0 [ pange [ Tabke I 0 [~ Range [ 7able plotting of spectra
Ao —loix|

) Figure 1
Fie Edit View Insert Tooks Desktop Window Help

REE YRR AR EE

OK | LeafNo 1
0.5
eflectance
ransmitance

File

- Save: Save the input settings.
- Load: Load earlier saved input settings. e
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=2 -  Forward running simulations

—

File Models }erard \ Tools Retrieval Help

Load Project Leaf — Leaf Sensor Spectral Indices User’'s manual

New Project Canopy —] \Canopy / Graphics MLRA Installation guide

|

DB adminstration— Spectral resample LUT-based Inversion Disclaimer
Settings
Model inputs 3| ¥
1 PROSPECT 4
Save New DB PROSPECT 5
Load Change DB v
Delete - 4SAIL
Update —‘ FLIGHT
¥
LUT class
Project
Database

* In Forward the configured models can selected, combined (in case of leaf + canopy) and
run.

* Since all posible combinations are calculated, the LUT blows up exponentially. It
therefore possible to select a random subset.

. Master Simulations M= I Class: Generic class (211 of 714 simulations)

LUT Class # Simulations | Subset |
2 0000e+09 10000

) I [T S

Simulations finished in; '00:00; 46"

ox__| 15/31




Project

—==="  ARTMO'’s file settings

.
Delete a Project or a LUT-class Deletea DB
) Project averview
Fl' | E Input 9
Select a databasze:
Select Project DB: whispers2014  Change DB | —————
ID_PROJECT | HAME DATE SENSOR. [# Banos[# Lt [ #sm |
ola_mundo
0 1 5 Sentinel-2 Bbands Sentinel-2 8 bands 8 1 1ooo0 kit
L|:| a d Pr |:|J E':t [z ] 3 2014-08-17  NO SENSOR 2101 1 1 -

My _wersion
paper_dsail_fligth_10000

N EW PrD_I E I:t Era;:z;i\;;:_?-s

reflex
LUT Classes =ail_fligth

d g o | oaE #MODELS LUT CLASS IEEC scope_ps
DB adminstration - i e Foewe o i o
=eb
sentinel

5 Ett i r-l gS tseesrtvtlnel_mlra

testnew
trabajo_ct

nodel inputs — orson eurso

+* ¥ [ ok | cace |
Save Mew DB

Load Change DB
Delete :

Update Setttings: manage connection with MySQL

.L Save Load
Control Settings
LU T |:| a 55 - Resample input spectra to SENSOR before maodel runs (PROSPECT-4 -5, 45AIL, FLIGHT)
. MySQL database
Prl:l.l El:t Host: |I0calhost Port: |
DataIDESE DE name:lscape_psz
User: |mnt Pass: |123458

5 Maximum Possible Array Memory |50% - [ “
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SENSOR TOOL

J Sensor Module [v. 1.00] =1 E3 |
Import  Edit  Spectral Filker  Help N
Sensor Information
CHRIS Mode-3 [™ Spectral filter
Unit wavelength Band details
|r"-"”':r':'r'”EtE"E _I“ Eand name | Center
1 L 433 447 442 9 =
‘é‘*ﬁ“ﬂnumher 2 |2 456 495 430 3
MHi_ 3 L3 526, 534 530
e 4 |L4 46 S56 a5 10
5
Unknawn L5 266 a73 a70 3
6 |L& E27 (%6151 B3 9
j 7|7 B56 GGG GE1 11 ]
8 L& GGG GBIV G72 11
9 |9 B34 oo Ea¥ B
10 [L10 Ton TOE T03 B
11 L1 TOG 2 o9 B J
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Sensor:

The Sensor tool enables configuring the band settings of a specific sensor. Once
configured, radiative transfer models (RTMs) can then generate outputs according to the
band settings of a chosen sensor.

The user can either import sensor band settings or define its own sensor configurations.
In principle, any kind of band settings can be defined, but it is recommended to stay within
the range that is covered by most models, i.e. 400-2400 nm.

<) Sensor Module [¥. 1,00] M= B3
Import  Edit  Spectral Filker  Help L

New sensor settings can be
imported by clicking on the
‘Import’ button in the top bar.

Sensor Information

CHRIS Mode-3 I [~ Spectral filter

Unit wavelength Band details
EX|St|ng band Sett|ngs can be |"'-"1i'3rEImEterS _|‘ Band name | Ty Max | Center | FitHM
. 1| 436 447 442 g =
modified or new ones can be Wasnur 7 Lo it o s .
added by clicking on the ‘Edit’ |z 2L 52 524 50 :
Index 4 L4 = 556 551 10
button. Unknawm 5 LS 56 573 570 G
6 LB B27 636 B31 9
Also a spectral filter of a sensor L fis B l ! —
L& GEG 677 B72 11
can be imported or viewed by 9 19 634 70 67 6
o , . , 10 L10 700 706 703 B
clicking on the ‘Spectral Filter T 716 72 9 6 <
button. o |




-

Available sensors:

When having the Sensor tool implementedinto
ARTMO, then the following sensor band settings will
be by default available when creating a new DB:

e Landsat7 TM

e Landsat 7 ETM+
e SPOT-4 VMI

« SPOT-4 HRVIR

e CHRIS Mode-3

MODIS

MERIS
Sentinel-2
Sentinel-3 OLCI
Sentinel-3 SLSTR
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T

‘\ Step 1 — Defining a project

In Matlab Command window type: artmo
Create a new project — check also ‘Load Project’
Select a sensor

Check the settings options

Check the ‘Class’ options

A N

) User LUT class table =10

) ARTMO [v. 3.03] = B3
> Class Table

File Models Forward Tools Help

Project Descripti

nnnnnnn INO Sensor d

LUT Class by map LUT Class by User |
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@‘{\ Step 2 —filling in the LUT

) PROSPECT 4
File:

=101

Leaf model PROSPECT-4

INPUT PROSPECT 4

IGeneric class

— Leaf Structure (M) [1-4]

-

- Rance I~ Takle

- — Chlorophyl {Cab - pgicm?) [0-100]—

2|

=

- Range = Table

— Water thickness (Cw - cm) [D-0.05] —

e 3 ways tofill in the LUT

0.03 [ Range [ Tatle

— Dry matter {Cm - gicm® ) [0-0.05]——

1. Asingle value

2. Selecting a range — multiple options:
1.
2.

I 0.012

r Range = Takle

OK |

According to a step

According to a distribution (uniform, normal, Poisson,
extreme, Lognormal)

) Probability density function ;lﬂlﬂ
Parameter: Cab Range: [0-100]
Mlin: I 0 Max I 100 Istap j I 5‘

Probability density function:

’7Un\furm = Far A I Par b I
. Ok |

Sample plot |

fi —alu=k éj* -TE]
n Probability density function e L Y Domt Tk Dodtm Wndw Heo
ET IR TP - IEEID
Nomal probabiley donsiy funcion

Parameter: Cab Range: [0-100] o e
aate
. : oats
Min: 0| Max: A0 |# samples = 100 ome
aor2
Probahility density function: Il 613
I 20 std | 10 L
0008
s
-

J| N L
mmmmmm

3. Inputting a range: File > Load Data Table

(see next slide)
21/31



2 options to insert user data:

1.

2.

Inputting user-defined data (e.g.
coming from field data)

Combined multiple parameters: Multiple
columns can be assigned to different
parameters

Building up LUTs by combining mulitple tables.

PROSPECT 4 data table
Textfile D\Atmo oldvartmof_jpsamples\Prospect 4 y S\prospect txt
I Option text file—M@M8¥
i 1 2 3
Delimiter character i
o Headeeref OK 1 (31498 0.020 0.008
: . 2 [21574 0.008 0.005
CabCwCm 3 |11.808 0.013 0.004
31.4930.0200 008 4 |15.081 0.015 0.004
21.5740.0080,005 5 |ess19 0.013 0.005
11.8090.0130.004
15051001 50,004 6 [26.789 0.013 0.005
26,6190 0130 005 7 |30.485 0.013 0.005
25.7890.0130.005 8 [76.891 0.016 0.008
30.4660.01 30,006
7639100160 008
Parameter Column Convert factor
Cm: Leaf Dry Watter Content v Column3 -
Parameter Column Convert Fact...
1 |cab: Leaf Chiorophyll Content Column 1 1
2 |Cw: Leaf Water Content Column 2 1
3 |Cm: Leaf Dry Matter Content Column 3 1
o)

=T

File:

INPUT PROSPECT 4

Select LUT Class ~ |Unclassified

— Leaf Structure (M) [1-4]

I 1.5 I

g [T Table

- — Chlorophyl (Cab - pgicm?) [0-100]—

| Range ¥ Table

=

— Water thickness (Cw - cm) [0-0.05]—

0.03 [ Rarge W Tahble

— Dry matter (Cm - g/cm?® ) [0-0.05]——

I 0.012

r Ranoe I Table

OK |
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Filling in a canopy model: 4SAIL

* Filling in 4SAIL: single or multiple values
* Soil spectra is required. Default spectra
are provided or own spectra can be

inserted.

When not coupled with a leaf model
then leaf spectra is required.

Input leaf spectra (refl. & trans)

-} Leaf Spectrur

las:

=1olx
Leaf Spectrum: Class=Unclassified

Texifile [CUsersiT\Gaogle Drive\REFLER inpur\_support fileslspectral brarpLeafleatesy | BIowWSer

Option textfile——————————————————
Delimiter character HeaderLines v [ 2 [ s [ =
OK 1 a0 0041098571 110855E05  0.0459581 g

[remicaton H [ ERT 004187413 104833605 00460671
400,0.041096571 1 10655E 05,0 0459551 34;8.00283E-05;0 0410965 3oz DOM26012 _9B362E06 004613765 Lorawez BEE]
71,.20065E-080.041 853915;1,32565E-07,0.041148001,0.00574233 4 dos 0041366639 |814661E-06  0.04622413 ge b Yo guet Jmb [y Wndw peh =
3 5 404 0041505728 B58313E-06  0.04835361 AET IR T - T =
401,0041187413;1 048996-05,0 D4B067162,0 (M2E-06,0 0411874 | 6 laos 0041648831 82051SE-0E  0.04650820 (ol
770 D42 57 ENTET LIS 000Z652 |7 (0041794553 |6 0B255E.06 10.04670353
402,0.0412601 2,8 S3625E-05,0.0451 376528 D0SHE-05,.0.00126012 |0 407 ARMEDR) |PRERIERES RIS
{B.21175E-06,0.061 9752721 T0STAE-07,0.041 320801,0. 006234704 9 o 0042147977 T EASIEDE 004714477
03,0041 368539,9.14661£-06,0 045224133, 7 G0455E-06,0 0413886 | 10 l4og 004232163 7 B3S0FE0E  0.04738436
397 61 289E-05,0.042056397;1 ST994E-07,0.041432929,0.00654230 [ 11 laan 0042475536 7 TO0BSE06 0.04758531
8

12 x

0400415057255 553136-06,0 4635381 1,7 SI00E-08;0 0415087 it 10042609235 |7 SS696E06_D D“mﬁ‘,;l
267 12415E-06,0.0421 7421 21 4TSTIE-07,0.041 5760540 00678602 4 r

Parameter

First row spectral data: [ 1

Conversion factor: 1

o paremeters

Line adi | Select Column Unit
Select | Deseripdion | Columr icrometers 4]
Wicromaters
I Paremeter, | 3 T Rofieo.teaf 1

nom
2 M Trans.leai 1 \Wavenumber

[ 3] T Reflecleat2 GHz

[ 4| [T Trans lear2 WHz
5 " FReflec.leat 3 Index
3 T Trans leat3 Unknawn B
7 | T eatr tearn |

. _>l_I
Import
All_|_clear il ¥ Graphic 2

File

SAIL MODEL

Leaf Spectrum  Dry Soil Speckrum  WWet Soil Spectrum

=101 %]

4SAIL MODEL

IGeneric class

— LAl [0-10]

I 3 I Fange [T Table

[

— Hot spot effect [0 - 1]

I 0.01

(il Range [T Tahle

— Average leaf angle (%) [0 - 90]——

I a0 I Fange [T Table

— Solar zenith angle () [0 - 90]——

I 0 (il Fange [T Tahle

— Diffuse/Direct radiation [0 - 100]—

I 10 r Range [T Table

— Observer zenith angle (°) [-73 -79]

I 0 - Range [T Table

— Soil coefficient [0 - 1]

o

r Range [ Tahle

— Azimuth () 0 - 180]

o

[ Range [T Table

0K |

Input soil spectra (refl.)

) Dry.

pectrus

lass=Unclassified

Dry Soil Spectrum: Class=Unclassified

Textfile [C:\Jsers\\Gongle DrivelREFLEX inputt_support fles\spectral library\dSAILchy_soil __ Browser

=lolx]

Option textfile—————— ‘ I
- 1 K
Delimiter character
isaderRines 0K 1 400 0.2377 d
Jeemma 2 |40t 0.2373
3 402 0.2369
40002377
i1 023 4 s 02385 GG b i Do (it e
40202369 5 |ane 0.236 Ao da|k R 0BRL- Q0B 80
403 02365 6 405 02356 Dry sail No. 1
:gg‘g-gggs 7 |aos 02352 e
40502352 8 407 02345 e .
40702343 3 s 02384
40802344 10 laos 0234
4080234 11 410 0.2336 CJ
410 0.2336 12 a1 02332
41102332 04
13 |o12 0.2328 il
. 03
Parameter First row spectral data: [ 1
fioporameiers [-| Canversion factor: 1 03
Line A Select Column
Select | Descrpaon | Column L
[ Paraneten lie | 5o Mo, |
o a0 1000 1500 2000
« ] 2 3 3 1
A | | Clear Al [V Graphic




Filling in PROSPECT-4 + 4SAIL

When models are parameterized they turn active in the main window and can then be selected. By
clicking on ‘Run’ a GUI appears where for each LUT class a random subselection can be defined.

Lia::lm; o e — : Model Parameters Units Range Distribution
Project Name: |BARRAX PROJECT |
C“""“E“"'S“";”““'M”“S 5 Leaf parameters: PROSPECT-4
N Leaf structure index unitless  1.3-2.5 Uniform
—Leaf Model — Run Panel — Tools Panel 2 5 . . .
—— Chl  Leaf chlorophyll content [pgfem=] 575 Gaussian (u: 35, SD: 30)
[ eRosrECT 5 Crm Leaf dry matter content [¢/em?] 0.001-0.03 Uniform
__FiuorMODieaf FluorMODleaf
e I 'y Leaf water content cm 0.002-0.05 Uniform
ELET
B FuorsAlL .
e Loas Canopy variables: 4SAIL
Combined Model — LAI Leaf area index Im2/m?]  0.17 Gaussian (u: 3, SD: 2)
ALA  Average leaf angle [°] 40-70 Uniform
1ol C¥gp;; Soil scaling factor unitless 0-1 Uniform
LUT Class | Simistions | semle | HotS Hot spot parameter [m/m]  0.05-0.5 Uniform
1 |class2 10000 000
. . . . . .
Zc:assj + oo e skyl Diffuse incoming solar radiation [fraction]  0.05 -
O Sun zenith angle ] 223 -
ty View zenith angle 7] 20.19 -
o ¢ Sun-sensor azimuth angle ] 0 -

v" Fill in PROSPECT-4 and 4SAIL according to acceptable ranges. Make sure to
have a broad range for Chl and LAI (e.g. Gaussian).

ToLe

v’ Repeat parameterization for the different LUT classes.
v" Click on ‘Run’ and select random subset of each LUT class, e.g. 5000 each.
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Graphics v1.01 toolbox

Tutorial

J Graphics Module [¥. 1.01] [_ [T ] ) Figure 1 !E m
: Eile Edit Wew Insert Tools Desktop ‘Window Help Options £
Graphics Module g5 B & d oo Sy & =P S
o A oS
Nodo|b A TDEL- B0 8D
Select Project |
Mudel:lscope &l 09
g0 |
Group Qutput: IREﬂEU‘a"'CE j 0
Qutput Parmeter: Ifrac:liun of radiation in obzervation direction j = : . 71 E
=)
— Settings of input parameters E 0.7 -
Model: Iscope j Parameter 1 (Hue) 'g
- =} L
Ppy— o e |ca crioropny 48 contert fug om... ~ | = 06 54
1 |Cab:Chlorophyll AB contert [ug cm... 1 G0 = Parameter 2 (Saturation) s g
2 |Cuy:leaf weater equivalent layer [om] 0.0010 0.0300 ILAI'LEa1 ares indes [m2 m-2] d E o 05} 45 F
3 |CdmiDry matter content [g cm-2] 0000 0.0300 - [=] E =
4 |LAlLeaf area index [m2 m-2] 0.1000 7 £ Label curve £'a &
5 [\Vemo:maximum carboxylation cap.. 1 200 |Emptv j 5 E 04 26+
& |m:Ball-Berry stomatal conductance... 2 20> ﬁ =
1 | d E 7y
= 0.3
—
=)
=
19+
ADDED SPECTRA % 0zl
I
| Draw | Description | Color ‘ ml = gl
1 ¥ scope - fraction of radistion in ohservation direction [1,1,1] Delete selected | 0.1
Delete all | # - 1F
Export selected | 0 . :
wport zelecte
E 500 1000 1500 2000 2500 0.11.828.55.275 7
o | YWavelength (nm) (]
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Graphics

{ File Maodels Forward Tools Retrieval Help
Load Project Leaf — Leaf » SOr Spectral Indices User’'s manual
New Project Canopy - Canopy Graphics MLRA Installation guide
DB adminstration—— ectral ple LUT-based Inversion Disclaimer
Settings
Model inputs - v
1 PROSPECT 4
-
Save New DB PROSPECT 5
Load Change DB ¥
Delete Bl 4SAIL
TR —‘ FLIGHT
*I ) gui_mod_graf M
LUT class s .
Brojoct By clicking on this butfon Graphics Module
= alUT-class froma
Database project can be loaded. € soectproent
Model: |5°°Fe J
- Select the model, Grold € Group output:frorsscence [
e =~ output and output model. T ] — |
Select Project DB:earselld _Change DB |
ID_PROJECT | NAME DATE SENSOR, [# Baros[# LT[ # s | — Settings of input p:
% 2 PROSAILT Dﬂﬂﬂm 201 3:03:27 CHRIS MODE1 B2 2 20000 - parameter 1 (Hue)
ER jgggziltifluua_szmm ig::,g:,gj Sentinel2-20m ; 2 igggg oVef'erW Of It aﬂge Model: Ismpe J ICab' j Op ﬁons fO Vj SUi a/fze th e
parameters of chosen € R | o I e | ¢ | _ « impactof parameters
del — 1 5 50 0 & Parameter 2 (Saturation) — dina i y
Select Class Simulation moaet. 2| 05000 5 6 5y H aCCO{' Ing io coior
[ oae | #MODELS LUT CLAsS [ #sm | gf’ad;’em‘s.
| 1 [2013-04-03 2 Generic class 10000 Z Label curve
fenoty |
A [+
Add selected spectral
= > group fo plotting panel.
ADDED SPECTRA
Only a LUT class can be selected, but. spectral output.s of . Overview of selected Toan] — [ | Add Spectrum .
multiple LUT classes can be plotted within same plotting window.  spectral groups. [ 'L | @ scone- Frescence [141] Dekteseiectd | | Options to add external
| spectrum, export and
— delete spectral groups .
OK

26/31



‘ Plotting examples

Important features:

v'A group of spectra can be plotted according to
one color range related to 1 parameter.

v'Multiple groups can be added to the same
plotting panel.

v'A group of spectra can also be added to 2
parameters, 1 as color hue and 1 as color
saturation.

v External spectra can be added.

v'The ‘Graphics’ module allows exporting spectra
to a .txt file.

File Edit View Insert Tools Desktop Window Help
Dde k| R0 EA- 2/0H a0
Leaf Reflectance [Class: Generic class]

File Edi sert Tools Desktop Window Help
Ddde | M| ARAOPEL- S| 0H|n D
Leaf Reflectance [Class: Generic class]

B e e Tock Dz Wondiw iflf
Duns|s M8 EHia 08 o0
Total o ance [Clsss Geor ]




2} Graphics Module [v. 1.01] _ o %]

G ra p h iCS Graphics Module
Select Project |

) gui_mod_graf03 M= B3 Model: Iscupe j
Cwe:leaf water equivalent layer [cm] Group Output: IReerdance j
mirt.
ﬂ | jl 0.001 Qutput Parmeter: Ifractiun of radiation in obeervation direction j
(=
ﬂ | 5 | IW — Settings of input parameters
— Modal: Igcgpe j Parameter 1 (Hue)
4' | MIN | M <TEP | » | ICab:Chlornphyll AB content [ug cm... j
i 1 [[ugom.. 1 30 u} 20 - Parameter 2 (Saturation)
A subselection of the LUT can be plotted. Output 2 e om [ETER 0 0300 0 5
spectra can be plotted as a function of color. 3 bmez] 0.0010 0.0300 o 5
4[] 0.1000 7 0 20 Z Label curve
5 loncap.. 1 200 u} a IEmF'f‘J" j
6 lictance... 2 20 1]

a o

Delete selected |
Delete all | 03+

Export selected |
02r

ok | 0

1 I~ =zcope - fraction of radistion in observation directi

ADD
Rt =X
Fle Edt View Insert Toos Desktop Window Hep Y
OCde|h|KAUDEL- 20800
1_
09r
08r
By default the full color scale is used. By clicking on ol
color a specic color gradient can be selected. 5
£ 06t
ADDED SPECTRA = % -
J s B
Draw | Description 5
E

| \I I I
450 K00 B0 GO0 BA0 TOD TR0 BOO B8R0 900 9RO

8 ()

51486 22 585240 021757
Cab




Plotting options

) Figure 1

File Edit “ew Insert Tools Deskkop  Window ﬂel ™

DEde N RO EL- 08| e

-Saveas.———— Graphs can be saved into various formats. As
PRI=1 | B such, their space is optimized, i.e. with a minimum
Save Load Save colormap ~

of white space around the graph.

IN::: TAVE - I
Current Axes IG raphic - I y

— Colormap — Sawve as... == Bipthap == =
Color format
EMP
IN-: change d I Fiip IND save "I [ as figure PEG b
Limnits [min - max] Paper size (cm) ;
IHc change d I 0 I 0 IAutn d TIFF
Colorbar Legend Resolution _ [VVidth > Heigth] : == Wector == o
INc change d IHc change j I 300 |'1=.SE:E-‘- |11.'1E:-‘-1 EmF
s EPS (b _(o x|
— orientation EPS (Cl:lllzlr:l t File Edit WView Insert Tools Desktop Window Help Options £
¥ show Axis ¥ Show Title CiE xy POF N NEHe | RATDEL- |2 0EeD
’—axis lirmits: Tt
) - 05
& tight 0 Aill = auto " user font size
1o x 65
| M ct limits forSREUI=TE el
REEEE label font size I’;;'g' 0s 5.8
" equal ¢ image ¢ sgquare ' normal Im - s
- xmax 035 [
Xiabel [Auto =lo =] froo 2 s
Yiabel |Auto o =l ymin FR | 4 35
P 2 25 z
Sample | [T Setup default oK | rﬂﬂ = 32
o T 02
= 25
Zmin 015
fo ' 138
0
By reducing the Axes a subselection of the ﬁ" - 12
spectral output can be visualized. = = 05
nce 0 1 1 1 1 1 1
500 550 600 650 700 14.80831428)B37 7373561
(nm) Cab
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Export graphics

I
[T ——— Export module

Delete selectad Select directory to save file(s)

(& 3

Delete all

Export selected

Select Dir |
Export |

The Graphics module enables exportation of selected simulations to a text file for further use.

Two files are created:

1. Spectral data including ranging variables on top of the spectral outputs
2. Associated metadata including a description of how data is organized and fixed variables

Spectral data

# EditPad Lite 7 - [C:\Users\jochem\Desktop\Hemispherical_reflectance.bct]

J_ule Edit Search Go Block Extra Convert Options View Help
IDe|i-ER(e-6-l«0 N aR|EE-T-/0-6-@-@

al_reflectance_metabet | | Hemispherical_reflectance.tdt

T =]

Associated metadata

#j EditPad Lite 7 - [C:\Users\jochem\Desktop\Hemispherical flectance_meta.bxt
| Ble Edit Search Go Block Extra Convert Options view de\pl
IDRbL-Fme-6 -«
‘ || Hemispherical_reflectance_metatt [ | Hemisphericalreflectance.bet
CLASS Generic class

PROJECT : PROSATIL1G86E

COMMENT
DATE: 2813-@3-14

OB EE-IT-e-0-@-@

=1k

# BANDS

CHRIS MODEL
62. 000000

File created for ARTMO. Date:

2013/10/26 Time: 18:53:17

a 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.;
a 12.46 12.75 13.24 13.62 15.83 16.94 18.25 18.6 21.11 24.28 25.37 26.638 28.67 2
a2 8.8393 B8.834 B8.8233 B8.8233 8.8393 @8.8287 @8.ea2 8.8127 8.8233 8.818 B8.8447 8.8393 B8.834 a.
=) @.001 ©2.9074 ©.9203 ©.001 ©.8203 ©.0268 ©.001 ©.8139 ©.e0l1 ©.8171 ©.8203 ©.9236 ©.e0l a.
a2 1.829 1.842 1.492 1.847 1.719 1.627 1.842 1.251 1.719 1.842 2.132 2.592 8.5176 2.
=] 48 48 48 48 48 48 48 48 48 48 48 48 48 ae
2 2.75 @.25 2.5 2.5 @.25 2.5 @.25 @.25 1 @.25 2.75 2.5 @.25 a.
a2 B8.as e.a a.3 8.25 8.35 e.a a.2 8.1 8.1 B8.as 8.5 8.35 8.25 a.
41@.5 ©.83647 ©.03019 ©.02344 ©.83301 ©.02044 ©.02175 ©.02959 ©.82525 ©.02264 ©.92893 ©.9189 ©.01734 ©.84776 ©.
441.3 2.84211 8.83639 8.82796 8.83844 ©.82391 8.82533 98.83516 8.82994 B.82559 8.83476 8.82125 @.81929 8.85957 8.
451.1 ©9.84469 B.83871 ©.082952 ©.04872 ©.02499 ©.02638 ©.83701 ©.083134 ©.02644 ©.03644 ©.02174 ©.01962 @.086327 @.
460.8 2.24789 @.04156 ©.03156 ©.24346 @.0264 ©.02758 ©.@3392 @.0328 @.02729 ©.03794 ©.02211 @.01932 @.06655 0.
471 2.85841 2.84391 2.83329 @.84565 @.082759 @8.082854 2.084839 8.83393 8.82786 @.839 ©8.82228 2.21986 ©.86892 A.
481.7 ©8.85272 9.04609 ©.83479 8.84771 ©.982865 ©0.02948 ©8.84197 8.83512 ©.82848 ©.04828 ©.82253 ©.01997 ©8.87179 0.
491.9 8.85927 8.85191 8.83946 8.85333 8.83211 8.83227 98.84552 8.8338 B8.83839 8.84246 B8.82325 B8.82836 @.8757 a.
581.4 @.87346 ©.26458 ©.@5867 @.06575 2.04116 2.03962 @.05343 ©.04498 ©.023603 ©.04688 ©.026@85 @.02245 @.08059 @.
511.4 @.1902 ©@.88853 ©.07276 ©.09002 ©.06044 ©.85615 ©.87119 ©.86105 ©.85104 ©.053822 ©.83552 ©.0305C ©.999738 0.
522 8.1376 8.122 2.1847 8.1252 2.892816 2.88254 2.89981 @.88744 @.0788 2.87863 2.85521 2.84842 @.1@75 a.
531.8 8.1662 B8.1473 @8.1285 8.1525 8.1131 B8.1834 8.1236 8.1892 8.1833 ©8.89673 ©.87389 8.86489 @.1235 a.
542.2 @2.1814 @.1601 @.1398 @.1667 @.1235 ©.1132 @.1361 .12 @.1153 @.1e67 ©.08143 ©.07233 @.1349 0o.
553.3 @8.1921 8.1687 8.1466 @.1764 @.1293 @.1189 28.1444 8.1268 @.1222 8.1134 ©2.88584 @.07597 @.1447 a.
563.2 2.1929 @.1684 ©.1444 @.1762 @.1258 ©.1163 @.1434 @.125 2.1184 @.1132 ©.98288 B.27185 @.1498 @.
573.8 B8.1834 8.1588 @8.1331 8.166 8.1134 8.1856 B8.1335 @2.1149 2.1848 B8.1862 28.87182 8.86895 8.1581 8.
583 8.1766 8.152 8.1249 8.1587 B8.1845 8.89794 B8.1268 8.1879 8.89553 B8.1816 8.86357 ©.85364 8.1512 a.
592.6 @©.1746 ©.1496 ©.1211 @.1562 @.09995 ©.99426 ©.1244 @.1@5 ©2.09109 ©.1004 ©.05977 ©.84977 ©.1548 0.
684.8 8.1729 2.1475 8.1176 2.1542 2.89594 2.89183 8.1226 28.1826 2.88729 2.89956 2.85651 2.84645 @.1586 a.
615.5 8.1651 8.1486 8.1899 8.1467 ©.88826 ©.88433 ©.1164 ©.89646 B.87978 ©.89554 ©.085892 8.84119 8.1587 a.
G624.4 @.1611 @.1369 @.1855 @.1428 @.83395 0.88864 ©.1134 @.69327 @.07573 0.09374 0.064789 ©.03333 8.1593 0.
633.6 @8.1597 @8.1358 @8.1838 2.1415 ©8.88215 @.87915 @.1125 ©8.89217 @.87407 ©.0934 8.8466 @.e37@7 @.1615 a.
643.2 ©.1499 ©@.1272 ©.09481 ©.1324 @.87378 ©.97187 ©.1056 ©.88549 ©.06653 ©.08916 ©.84138 ©.83234 ©.1611 ©O.
653.2 B8.1393 8.118 8.88535 B8.1228 B8.86522 8.86455 B8.89386 @.8789 B8.85936 8.88534 B8.83664 8.82813 @.1615 a.
663.5 8.1275 8.1878 8.87515 ©.1124 @.85638 @.85717 ©8.89199 8.87233 8.085269 ©.88195 8.083263 ©.082471 @.1624 a.
674.2 @2.1212 @.1224 ©.86931 ©.107 ©2.25206 @.05337 ©.08928 ©.26973 @.0501l6 2.02154 ©.03165 ©.022424 @.1651 O@.
682.6 @.1289 @8.1893 ©8.87561 ©.114 ©8.85691 @.85826 ©.@9459 @.87435 @.05406 @.08543 ©.03418 ©.02618 @.1699 a.
688.2 8.1527 8.13 ©9.89411 8.1353 ©8.87247 ©.87173 ©.1896 ©.88773 ©.06634 ©.09466 ©.84139 ©8.83286 8.1771 a.
694 B8.1977 8.1692 @8.1388 B8.1768 B8.1856 2.1812 B8.1423 @8.1175 B8.8973 8.117 8.86285 8.85815 8.1929 a.
699.9 @8.2562 @.2197 @.1787 @8.2326 @8.1515 @8.1433 @8.1913 8.1618 28.149 8.1539 ©.89869 @.88331 @.2219 a.
7e5.8 ©.3117 ©.2667 ©.2246 ©.2872 @.1983 ©.1864 ©.2437 ©.2088 ©.2125 ©.1949 ©.1443 @.1256 ©.2536 ©.
712 8.3669 @8.3122 8.2664 @.3419 2.2415 8.2268 8.2987 8.2559 8.2821 8.2389 8.1922 8.1699 8.2947 a.
718.2 8.4131 8.3495 8.3883 8.3886 8.2775 8.2686 8.3484 8.2971 8.3514 8.2786 ©8.2381 ©8.2127 B8.3326 =]
/ 1 :
NS - e @ | ‘BASAanRF s [

Regex Dot Case Adapt Words Files Elock Loop Line Invert | (J) ~| M @

[ 11 [ | tnsert | Unix | Windows 1252 —  |EditPad Lite 7.1.1 — Copyright © 1996-2012 Jan Goyvaerts — http:,

Line 1: M min: 1.3@00 max: Z.500@ count: 5
Line 2: Cab min: 5.1486 max: 74.8949 count: 89
Line 3: Cw min: ©.00828 max: @.8580 count: 18
Line 4: Cm min: @.@e1e max: @.836@ count: 1@
Line 5: LAI min: @.seze max: 2.8286 count: 49
Line 6: angle min: 48.2008 max: 46.8600 count: 1
Line 7: psoil min: e.eeee max: 1.886@ count: 5
Line 8: hspot min: ©.@500 max: @.5880 count: 1@
Line @ to end...

Column 1: wWavelength column [2. Hemispherical reflectance

Fixed wariables:
Model: Prospect 4
Model: 4SAIL

skyl:piffuse/direct light: 5.esee
tts:Selar Zenit Angle: 22.3888
tto:Observer zenit Angle: 20.1900
psi:Azimut Angle: e.oeBE
soil:Path for soil data: 1.0808

= = @ = A | & A
e o, @ @ | 88862280 4 5

" _r'|
|

Regex Dot Case Adapt Words Eiles Elock Loop Line Invert | (3) | 3 @
| windows 1252 —  [EditPad Lite 7.1.1 — Copyright © 1866-2012 Jan Goyvaerts — http:,

[ 11: 37 [ | Insert | Unixc
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