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Spectral Fitting Method Neural Network (SFMNN) 

Ground Measurement Validation

HyPlant: hyperspectral airborne spectrometer

• Self-supervised loss evaluating residuals and additional regularizers 

• Weighting boosts loss in spectral regions with high SNR of SIF signal 

• Pixel-wise and patch-wise estimation as architectural constraint for  
surface and atmospheric parameters

Physiological constraintOverall residual SNR weighting Physical constraint

Sun-induced fluorescence is a by-product of 
photosynthesis

FLEX

• Plants emit sun-induced  
fluorescence (SIF) 

• Wide range of applications  
benefitting from passive SIF 
estimations 

• Emission is very weak 
i.e. ~ 5% of total signal in  
O2-A absorption band 

• HyPlant is the airborne  
demonstrator for FLEX

• On-par relative prediction  
performance, calibration is needed  
for absolute predictions 

• Baseline Methods: 
• Spectral Fitting Method (SFM)  

Cogliati et al. 2019 
• Improved Fraunhofer Line 

Discrimination (iFLD) 
Damm et al. 2022

Diurnal SIF Dynamics
• Check for physiological plausibility: second order derivative of 

a time series   

• SFMNN respects 
this constraint in  
pixels with low 
vegetative cover

β < 0 SFM SFMNN

SIF prediction under topographic variation
• Local atmosphere estimation 

allows application in complex 
terrain. 

• Physically plausible O2-A band 
depth prediction on hill slope 

• General trend: slopes of O2-A 
band depth and SIF are 
constant / vanishing

SFMNN

SFM

SNR-based weighting wλ

Conclusion & Outlook

• Replace forward simulation  with an emulator 
• Apply principle to two other hyperspectral sensors: 
• FLEX, simulated imagery 
• DESIS (onboard ISS) in FluoMap project

sim
see here 

• SFMNN performs well w.r.t. ground validation data, is physiologically 
plausible and can be applied in topographically variable terrain.
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