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Introduction

% The potassium content in soil significantly affects
disease resistance, strength, and fruit quality in plants by
moving and creating starches, soils, and oils better.”

% Laser-Induced Breakdown Spectroscopy (LIBS) is a
portable, time-effective, and cost-effective way to
determine element concentrations using lasers.*

Lasers work by trapping light particles (photons) between
two curved mirrors until they are released through a small
hole, continuously or in pulses.®

e Methods

Python Logo. (n.d.). Retrieved July 17, 2024.

% The laser used had a Focal spot of 44 um, 30 + 2 um, an Intensity of 6.0 + 0.4 x 10" W/cm?, and a repetition rate of 1.3 Hz.

* 38 soil samples were taken from 3 separate locations in Alberta, 2 near CNRL oil extraction mines and 1 on farmland.
% Data was taken by a spectrometer that reads the emissions from the soil-made plasma. 300 shots were taken per sample,
totaling to 11400 raw spectra.

The raw spectra taken from the spectrometers are hard to read due to background noise, lens and experiment distortions, etc.
We used Python to adjust the data to make it accurate, running the code in Jupyter Notebook.

After averaging the spectra, there were 6 spectra per sample.

Predicting data within the set range was completed using a Partial Least Squares Regression (PLSR), a method used to reduce
the number of variables by combining them based on their correlation to each other’, based Machine Learning Model (ML).

The ML model was trained using Data Augmentation and Bootstrapping, a method to infer results for an entire data set using a
small portion of it?, to provide the ML model with more data.

Processing
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Fig 3. Data after removal of background emissions, overlapping points, and lens correction

Fig 1. Diagram of the inside of a laser as energy is released.

Fig 2. Raw Spectra data compiled together with comparisons to background emissions
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Results

ML model's assessment of data was then compared
against new data points from the set that the model

hadn't seen, then calculating the Root Mean Squared
Error (RMSE) and Relative Error (RE).

Soil sample 1:
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slope: 1, intercept: 0

o RMSE: 75.8 mg/kg
o RE:7.97

Soil sample 2:

o RMSE: 6.55 mg/kg
o RE: 9.95

Internal validation
External validation: Soil Sample 1
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External validation: Soil Sample 2
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Fig 6. ML model calibrations compared to new soil types
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Fig 4. Data after emission lines have been identified to verify correct peaks have been chosen for ML model.

Conclusion

The trend line accuracy provides proof that LIBS can be
utilized as an on-site method with reliable and
immediate results to determine potassium
concentration comparable to other predominant
methods.

This is preliminary research for potassium
concentration with LIBS, with more ML training and
available soil data, the error margin calculated will
decrease.

Once all important element concentrations, including
potassium, can be reliably calculated, a portable laser
with the data processing code will be sent to agriculture
sites to determine the needed fertilizers for the soil.

Fig 5. Data with selected wavelengths corresponding to potassium indicating used data for the ML model.
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