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Assess the repeatability of unprocessed 
visible, near-infrared, and mid-infrared spectra 
as well as their most common derivatives 
when the same soil samples were measured 
repeatedly in the lab or directly in the field

ObjectiveObjective

Three soil samples

Three replications

InstrumentsInstruments
1. Visible/Near-Infrared spectroscopy (Vis-NIR) -

400-1000 nm and 1100-2200 nm 

2. Diffuse Reflectance Variable Filter Array Mid-Infrared 
spectroscopy (MIR) - 2780-5096 nm

11 22

Macdonald Farm, McGill University

Ste-Anne-de-Bellevue, QC, Canada

20 samples (top 15 cm)

SitesSites
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Spectra ExamplesSpectra Examples Precision versus AccuracyPrecision versus Accuracy

Neither precise nor accurate Precise but not accurate

Precise and accurateNot precise but accurate

Relative Error DefinitionRelative Error Definition
Standard error Data spread 

Root mean squared error (RMSE) Standard deviation (SDSA)

Ratio of Prediction over Deviation (RPD)

Ratio of Spread over Error (RSE)

591.2960Total

0.0029400.1143Error

1.85292.17681E-1521.76010.0622191.1817Soils

F-critp-valueF-statMSDFSS

20 soil samples with 3 replicated measurements

stat
SA F

RMSE

SD
RSE 3

1
RSE > 0.79

MethodologyMethodology

Moving average filtering Polynomial fit

First and second derivative Principal component analysis

Raw Spectra AnalysisRaw Spectra Analysis VisVis--NIR (inNIR (in--situ)situ)
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VisVis--NIR (exNIR (ex--situ)situ) MIR (exMIR (ex--situ)situ)

RSE SummaryRSE Summary SummarySummary

• The filtered MIR measurements had the highest 
relative reproducibility across the entire spectrum

• RSEs for the derivatives were dependent on the 
wavelength

• Vis-NIR data ex-situ measurements were more 
reproducible than those conducted in natural soil 
conditions within a 0.5 m distance from each other

• For both in-situ and ex-situ Vis-NIR data, the second 
derivative (spectral inflection data) yielded data that 
had the highest relative reproducibility in certain 
parts of the spectrum

• Other types of data transformation did not yield 
higher RSE estimates

Next StepsNext Steps
• Six different instruments
• Five different datasets
• Precision versus accuracy analysis
• Optimized system for in-situ operation

http://adamchukpa.mcgill.ca
E:mail: viacheslav.adamchuk@mcgill.ca


