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• Activity where the electromagnetic radiation is measured from a distance 

• The measured signal is converted into valuable information 

• An ability to read information based on different physical, chemical processes 

• Acquired data can be processed to identify changes and describe relevant surface 

characteristics 

• Potential to capture the actual state of large areas within a short period of time 

 



MSIR observables 
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MSIR observables 
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OSI-relevant 

observables 

that can 

potentially be 

detected by 

airborne multi-

spectral remote 

sensing 



Explosion-related vegetation stress: previous work 

Research 

conducted in the 

1990s confirmed 

link between ground 

shaking and 

reflectance spectra 
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Pickles & Carter (1996)  

Lawrence Livermore National Laboratory UCRL-ID-127061 



CTBTO vegetation stress tests in 2012 

96 boreholes​   4.5 – 6 m depth​  6 -8 m spacing​ 

500 kg of explosives​  Charges 2-10kg​  4 boreholes as control​ 

Ripple blasting not possible​ Surface acceleration started from 1 g 
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CTBTO vegetation stress tests in 2012 
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Plant probe reflectance spectra for several trees in 

the vicinity of the detonations. Averaged spectra 

acquired for an Elaeagnus tree prior and post 

detonation 



Current investigations started in 2024 
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• Context - studies show stress-specific changes at different wavelengths in plants but 

identification of characteristic spectral response to ground motion remains an important 

step to detect related visual anomalies. 

 

• Objective – to investigate the vibration related spectral changes of plants 

 

• Stress - mechanical stress (vibration) 

 

• Laboratory-based controlled (undisturbed) vegetation with an indoor growing system 

 

 

 



Plant selection 
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Ficus elastica         Monstera deliciosa  Alocasia sp. 



Growing conditions  
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Automated irrigation and nutrition supply were set to 

be identical for the plants 

  



Experimental regime 
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Species 1 

Species 2 

Species 3 

Control 

Vibration 1 Vibration 2 

Reserve 

Growing conditions Treatments Reflectance 

measurements 

3 leaves per plant 

prior to and post 

treatment 



Spectral measurements 
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ASD FieldSpec 3 Max 

portable 

spectroradiometer and 

a PlantProbe 

sensorhead were used 

to acquire spectral data.  

 

The portable unit 

provides an opportunity 

to measure spectral 

reflectance in the plant 

growing laboratory by 

minimizing disturbance 

to plants other than the 

planned treatments 
ASD FieldSpec 3 MAX spectroradiometer with PlantProbe sensorhead 



Where are we now? 
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• Special experimental environment  

• Homogenous, undisturbed set of evergreen plants (still active) 

• Vast database of spectra (8,640 spectra), photos with visual rankings of each plants 

• Repeatable and scaleable method to deliver mechanical stress 

• First steps in data processing 



Results: Short term changes 
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Results: Long term changes 
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Conclusions 
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Preliminary results of mean analysis show spectral changes over the short and long term, 

which means that the applied mechanical stress of 2g acceleration was sufficient to 

generate some reactions in plants. 

In the short term – changes were observed in the wavelength range of 750 to 1350nm. Leaf 

reflectance is primarily affected by leaf structure in this region rather than pigments or water 

absorption. 

Changes were also observed in typical water absorption bands, indicating a change in the 

water balance of the plants as a response to mechanical stress, 1350 and 1940nm. 

In the long term – main differences between control plants and stressed plants were 

identified in the 750-1350nm region. There were some visible changes in typical water 

absorption bands but smaller than in case of short-term reactions. 

 



Caveats 
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• The use of an ’averaged approach’ may hide specific reactions of the studied species at 

different stages and the effects of lighting conditions.  

 

• The mechanical stress (~2g) is a simplified model of a ground motion. 

 

• Changes in spectra are within the range of measurement uncertainty.  

 

 

  

 

 



Future plans 
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The experimental plants are still active, ready for further test cycles 

The following analysis are being explored on the dataset: 

• Vegetation indices (focusing on shifts in the red edge) 

• Partial least squares discriminant analysis (PLS-DA) 

• Spectral Angle Mapper (SAM) supervised classification 

• Processing of visual ranking of each experimental plant 

 

Expanding the measuring techniques: 

• Thermal imaging 

• Video spectroscopy to monitor spectral changes online 

 
 


