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Estimation of Vegetation Fractional Cover and Leaf Area Index 

Using the VIREO VNIR Camera in SBG-TIR Configuration

In this work, we are conducting a simulation study to evaluate the suitability of the VIREO VNIR camera, on board of the Surface Biology and Geology (SBG) - TIR space mission, to retrieve vegetation Fractional cover (Fc, %) and Leaf

Area Index (LAI, m2/m2). The VNIR camera consists of two spectral channels, with central wavelength of 655 and 835 nm respectively, and a panchromatic channel covering VNIR spectra. The full width at half maximum of the

multispectral camera is 80 nm and the spatial resolution ranges is 60m. In particular, the Fc corresponds to the fraction of ground covered by green vegetation, while LAI indicates the one-sided leaf area per unit area of ground. Fc

and LAI are widely used to modulate surface albedo and emissivity and for mixed pixels (e.g., vegetation and soil). The link between these vegetation structural parameters and thermal applications is well demonstrated (e.g. Lin et

al., 2020, Yin et al., 2020) and their quantification helps in creating synergies between VNIR and TIR cameras during the space mission.

Retrieving FC and LAI directly from VIREO ensures spatio-temporal alignment with LST estimates and eliminates cross-sensor geolocation errors. It also reduces reliance on external data sources, minimizing the impact of cloud cover

associated with combining results from different missions. This approach enables consistent retrievals across the sensor’s wide swath and facilitates synergistic use of VNIR and TIR observations throughout the mission.

Introduction and aim

Algorithm Training Pipeline

Uncertainty estimation: (e.g.: GPR model for a new observation z)
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1. The best retrieval scheme was obtained by considering a combination of Red, Near Infrared and the PAN band. The inclusion of the PAN channel acts as a surrogate for the red-edge region and improves the estimation of
vegetation parameters for mixed pixel;

2. LAI and Fc could be successfully retrieved from the SBG-TIR mission;
3. Results at simulation level are consistent with those provided by similar methods reported in the literature using more than two spectral bands. The GP model provided the most accurate results. We recommend the 3+3 input

configuration; Results using real data are still preliminary and further investigations are needed.

Conclusions

Testing the proposed GP method – preliminary results (LAI only)

Application to real data - GBOV dataset

Input: VNIR0, VNIR1, SZA, VAA, RAA + PANInput: VNIR0, VNIR1, SZA, VAA, RAA

Test set: Currently, we used 248 ground data from 98 different S2 images, 
collected over six years and across 5 land cover types. 

• The proposed method achieve RMSE values comparable to those of the benchmark 
approach.

• However, predictions show a tendency toward overestimation, as indicated by a 
positive residual trend.

• Including the panchromatic band enhances accuracy, especially for mixed land cover 
types (cropland mosaics and mixed forests).

• The GBOV dataset, which provides ground-based measurements of LAI and FC, has been used as reference for model validation.
• Corresponding Sentinel-2 satellite imagery was acquired for selected sites and acquisition dates. To apply the proposed method, available Sentinel-2 

bands were selected and preprocessed: we used B4 and B8 as VNIR0 and VNIR1 respectively, while a resampled VIREO-PAN band was created by 
combining B4, B5, B6, B7, B8, B8A (all at 20m resolution).

• For benchmarking, an existing reference method was also evaluated under the same conditions.

Bands B4 (yellow) and B8 (brown) exhibit strong spectral overlap with 
the corresponding VNIR channels of the VIREO camera. For the 
panchromatic band, a synthetic resampling was performed by 
combining bands B4, B5, B6, B7, B8, and B8A to approximate the 
spectral response of the VIREO-PAN configuration.

Sentinel 2 ISRF Baret et al (2017)– SNAP approach (8 bands + 3 angles), @20m

Results are based on the application of the Baret model, which consists of a pre-trained neural 
network used in inference mode. The predictions obtained are consistent with those 
produced by the proposed method.

Results in prediction over simulated test data

LAIFc

RMSE and R-squared for different models for both Fc and LAI

Parameter Ranges: FC ∈ [0, 1], LAI ∈ [0, 8]

Robustness Assessment of Model Performance Across Dataset Variability & Training Stochasticity

Dataset variability:
Robustness to dataset composition is assessed 
using boxplots derived from 10 independently 
generated datasets, each containing 5000 spectra. 
Results indicate that model performance is not 
sensitive to the specific training set used, with 
three feature configurations consistently 
outperforming the others.

FC – Datatset variability FC – Training stochasticity

Training stochasticity:
To evaluate robustness to training randomness, the 
same spectral dataset is used while varying the 
random seed across 10 runs. Although this 
introduces slightly greater variability, the top three 
configurations remain statistically equivalent. Among 
these, the configuration with the fewest input 
variables was selected for real data application.

Scatter plots of predicted FC (top) and LAI (bottom) over the 
unseen test set, using the best-performing GP model and the 
optimal feature set (VNIR0, VNIR1, PAN, SZA, VZA, RAA).

Prediction vs ground truth

Table of RMSE and R² metrics

Dataset Preparation

Signal Preprocessing Pipeline

1. The training dataset has been generated via simulation of top-of-canopy reflectance spectra using the SCOPE radiative transfer model.
2. Mixed-pixel strategy: each pixel is generated as a linear combination of vegetation and soil reflectance spectra, with added white Gaussian noise.
3. Feature definition: Simulated spectra are resampled according to the instrument spectral response functions (ISRF) of the VIREO camera.
4. Label definition: LAI values are input parameters while Fc is computed using an analytical formula based on the Lambert-Beer description.

Input Parameter Ranges

Parameter space explored in the linear mixing framework

Simulated Canopy Reflectances VNIR Reflectances Sensitivity to LAI and Cab

Top-of-canopy reflectance spectra simulated using the
SCOPE model, by varying biophysical conditions: Leaf
Area Index (LAI) and chlorophyll content (Cab).

Zoomed-in of the VNIR spectral region, showing 
reflectance by varying LAI & Cab.

Linear spectral mixing followed by the addition of white Gaussian noise at different SNR levels (low and medium )

Mixed Pixels Reflectances

Simulated top-of-canopy reflectance for mixed pixel in 
different vegetation cover (vCover) configurations.

1. Training dataset generation

Instrument spectral response functions (ISRF) of 
the Vireo Camera. : Reflectance at channel x is
computed as: 𝑅𝑥=<R,ISRF>[0]=σ𝑖 𝑅𝑖 ∗ 𝐼𝑆𝑅𝐹𝑖

3. Feature definition

Comparison of Fc  computed using 
Lambert-Beer (x-axis) with the one 
obtained by the semi-empirical approach of 
Carlson & Ripley (1997) (y-axis).

4. Label definition2. Mixed-pixel strategy


