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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. 

(Chuvieco & Prado, 2005) 

(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 . 

Which RTM to choose? Only very few of them offer a GUI 
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 To develop a GUI toolbox that:  
 

• operates various RTMs in an intuitive interface 
 

• 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. 

To fill up this gap: 
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Toolbox for EO applications: 

ARTMO: 
Automated  
Radiative  
Transfer  
Models  
Operator 
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ARTMO v3.03 
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Selection RTMs & 
programming language 

Programming language:  Matlab® (7.9.0.529)  

Database:   MySQL® (5.5.8)  

Image processing software: ENVI® 4.5 

Reliability language 

Accessibility 

Software packages: Canopy RTM 

Leaf RTM 
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Model Reference Source code 

PROSPECT-4 Feret et al., 2008 Matlab 

PROSPECT-5 Feret et al., 2008 Matlab 

DLM Stuckens et al., 2009 Matlab 

4SAIL Verhoef et al., 2007 Matlab 

FLIGHT North, 1996 Executable file 



Website: http://ipl.uv.es/artmo/ 
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Conceptual architecture ARTMO 

Radiative 
Transfer 
Models Data Storage 

Retrieval 

Project 
Management 

Tools 

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



ARTMO’s hierachical data storage 

LUT class by map: ENVI .hdr file LUT class by User 
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Project management module 

Selection 
of a project 

New 
project? 

Create a 
project ID 

Defining 
classes 

One class User table 
Classified map 

(ENVI) 

Select ID of an 
existing project 

Generate ID 
classes 

NO Yes 

Sensor 
selection 

Radiative
Transfer
Models Data storage

Inversion

Project 
Management

Tools

Important features: 
 Load an existing project or create a new 

one. 

 Select a Sensor 

 Choose whether a proejct should exist of 
LUT classes. 

 Import/Export DBs, delete class/project/DB 
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Underneath: MySQL data storage structure 

Class 1 
(Forest) 

Class N 

ARTMO  DB 

(MySQL) 

Class 2 
(Shrubs) 

Class 3 
(fields) 

Project 1 
(Brx nadir) 

Project 2 
(Brx 36) 

Project N 

Class 1 
(Forest) 

Class 2 
(Shrubs) 

Class N 

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

Important features: 
 Input, output and metadata are stored in MySQL DB 

 In ‘Project Overview’ metadata of all projects can be 
consulted. 

 LUT casses can be accessed. 

 All fixed input data and ranges of state parameters can 
be consulted. 11/31 



RTM module 
Entering 

biophysical 
parameters 

Loading data 
Parameters  

Matlab 
variable 

Tabular data 

GUI 

entrance 

parameters 

Inputs canopy 
RTM 

Canopy RTM 
models 

Project  
Management 

ID 

Spectral 

Resampling ? 

Toolbox 

spectral 

resampling 

Outputs 
canopy RTM 

YES 

ARTMO  DB 

(MySQL) 

NO 

NO 

YES 

ARTMO DB 

(MySQL) 

Inputs leaf 
parameters 

Tabular data 

Inputs soil 
parameters 

Soil spectra 
data 

GUI of the model FLIGTH 

Important features: 
 Insert a single value 

 Insert user-defined input data 

 Insert a range (stepwise or a 
distribution) 

 Inset one or multiple spectra 12/31 



Entering data: PROSPECT-4 
A single value A range of values:  

1) steps 

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

3) Multiple input values 

Recorded user data (e.g. field data) 

13/31 



Sample of the 

selected .txt file

Browser for 

selecting .txt file

Visualization of 

selected input 

data

Options to select 

Unit Wavelength

Option to select 

the Delimiter

Line from where 

spectral data starts 

and conversion factor

OK to bring sample 

data to visualization 

panel

On some models 

this panel will be 

activated so that a 

parameter can be 

assigned to data
Options to select or 

deselect all spectra, 

and to deactivate 

plotting of spectra

Entering data: SAIL 

When not coupled with a leaf reflectancemodel (e.g. PROSPECT) then  leaf reflectance and 
transmittance data needs to be entered.  
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File 
- Save: Save the input settings.  
- Load: Load earlier saved input settings. 



Forward running simulations 

• 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.  
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ARTMO’s file settings 

Setttings: manage connection with MySQL 
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Delete a Project or a LUT-class Delete a  DB Radiative
Transfer
Models Data storage

Inversion

Project 
Management

Tools



SENSOR TOOL 
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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.  

 

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

• Existing band settings can be 
modified or new ones can be 
added by clicking on the ‘Edit’ 
button.  

• Also a spectral filter of a sensor 
can be imported or viewed by 
clicking on the ‘Spectral Filter’ 
button. 
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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: 

 

 • Landsat 7 TM 
• Landsat 7 ETM+ 
• SPOT-4 VMI 
• SPOT-4 HRVIR 
• CHRIS Mode-3 

• MODIS 
• MERIS 
• Sentinel-2 
• Sentinel-3 OLCI 
• Sentinel-3 SLSTR 
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Step 1 – Defining a project 
1. In Matlab Command window type: artmo 
2. Create a new project – check also ‘Load Project’ 
3. Select a sensor  
4. Check the settings options 
5. Check the ‘Class’ options 

 Create a project (e.g. Barrax) with CHRIS 62 bands sensor 
 Load a classified map to enable multiple LUT-classes:  20/31 



Step 2 – filling in the LUT 

Leaf model PROSPECT-4 
 
• 3 ways to fill in the LUT 

1. A single value 
2. Selecting a range – multiple options: 

1. According to a step 
2. According to a distribution (uniform, normal, Poisson, 

extreme, Lognormal) 

 
 
 

 
 

3. Inputting a range: File > Load Data Table  
 (see next slide) 
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Inputting user-defined data (e.g. 
coming from field data) 

2 options to insert user data: 
1. Combined multiple parameters: Multiple 

columns can be assigned to different 
parameters 

 

 

 

 

2. Building up LUTs by combining mulitple tables.  

 

 

 Try out different input combinations  
22/31 



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) Input soil spectra (refl.) 
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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.  

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

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

Only a LUT class can be selected, but spectral outputs of 

multiple LUT classes can be plotted within same plotting window. 

2
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Plotting examples 

Important features: 
 
A group of spectra can be plotted according to 

one color range related to 1 parameter. 

Multiple groups can be added to the same 
plotting panel. 

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

External spectra can be added. 

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

By default the full color scale is used. By clicking on 

color a specic color gradient can be selected. 

A subselection of the LUT can be plotted. Output 

spectra can be plotted as a function of color. 

2
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Plotting options 

Graphs can be saved into various formats. As 

such, their space is optimized, i.e. with a minimum 

of white space around the graph.  

By reducing the Axes a subselection of the 

spectral output can be visualized.  

2
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Export graphics 

Spectral data Associated metadata 

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 
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Excercise 
Make some plottings from earlier simulated LUT classes. 
 Export your plotting to a text file.  
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