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Abstract. The use of principle component analysis (PCA) in the variant of projection on latent 

values with discriminant analysis (PLS-DA) in type classification of Siberian region air-dry 

peat by a set of properties is presented. A statistical analysis in principle component space by 

PCA of different physico-chemical properties of peat such as component composition, 

concentration of paramagnetic centers and IR-spectra is presented and shows a developed PLS-

DA classification model allows estimating peat type by a set of physico-chemical properties 

with minimum prediction errors. 

1.  Introduction 

The study of peat’s composition and properties has always been paid great attention to because of its 

value in the organic part [1–3]. Peat-based materials are widely used for various tasks in the areas of 

agriculture, industry, as well as resource-efficient solutions for environmental problems [4–5]. But, 

because peat is an initially difficult natural object, including both organic and inorganic components, 

there is no uniform approach to choosing the direction of its use at the present time. This is caused by 

a different degree of influence in botanical composition, type of peat and degradation amount of the 

organic component on the final product’s properties. Therefore, it is important to develop a 

classification model that contains comprehensive information based on raw material properties. On 

one hand, the collection of many different characteristics of peat, based on physico-chemical and 

technical analysis methods, does not always allow excluding part of the incorrectly obtained data 

considering all of the investigated properties. Not one of their series is possible to identify the 

specificity of the object. On the other hand, it is impossible to identify objects by baseline 

characteristics, such as type, if data are not initially. 

2.  Experiment 

PCA is widely used in the analysis of the properties and composition of natural objects. So in [6], the 

authors used the space of the principal components to explain the distribution of peat on the ground, 

depending on the composition. 

The aim of this work is to apply the PLS-DA method to classify the type of air-dry peat by a set of 

physico-chemical properties. 

One of the solutions for the task is to apply PCA to classify objects by a set of different properties 

[7–9]. This method allows representing the observed data matrix (X) as the product of two matrices, 

plus the residual error, – Е [10]: 

ESLX ,                                                             (1) 
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where L is the intrinsic properties of the data matrix (loadings), and S is the matrix of individual 

parameters (scores). 

The instrumentation of PCA allows the reduction in dimensionality of multivariate data by 

highlighting the principal components (PC) and interpreting the properties of investigated objects in 

the new space of PC’s [11]. The implementation of PLS in an Excel spreadsheet editor is described by 

A.L. Pomerantsev [12]. 

In accordance with the intended aim we put forward following tasks: 

 calculation of the scores matrix by physico-chemical properties of different types of air-dry 

peat; 

 building and validation of the PLS-model. 

The objects of research: twenty samples of two types (lying and lowland) of air-dry peat of eleven 

fields in the Tomsk region (Russia) were examined for the set of physico-chemical parameters such as 

botanical composition [13], elemental composition [14], group composition, functional composition 

by IR spectroscopy and electron paramagnetic resonance. The set of physico-chemical parameters 

were presented in the initial data matrix by fourteen variables (table 1). 

 

Table 1. The set of physico-chemical parameters. 

Variable Physico-chemical parameter 

V1 lg(S) – logarithm of the concentration of paramagnetic centers (electron paramagnetic 

resonance) 

V2 bitumen content, % on daf 

V3 content of humic acids, % on daf 

V4 nonhydrolyzable residue content, % on daf 

V5 content of water soluble and  readily substances, % on daf 

V6 fulvic acid content, % on daf 

V7 cellulose content, % on daf (the method of determination of group composition) 

V8 carbon content, % on daf 

V9 hydrogen content, % on daf 

V10 nitrogen content, % on daf 

V11 the total content of oxygen and sulfur, % on daf (method of determining the elemental 

composition) 

V12 D3400/1620-1600 – ratio of optical densities corresponding to the characteristic lines of the IR 

spectrum 

V13 D2920/1620-1600 – ratio of optical densities corresponding to the characteristic lines of the IR 

spectrum 

V14 D125-1200/1620-1600 – ratio of optical densities corresponding to the characteristic lines of the IR 

spectrum 

 

Data structure of two types of peat (lying – Class1 and lowland – Class2) properties investigation 

are presented in table 1 and it was divided for calibration and validation sets. 
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Figure 1. Data structure. 

 

3.  Results and discussion 

Based on the data sets, the mathematical model of classification was constructed and validated. The 

results were obtained for the three latent variables and two of them are shown in figure 2. 

 
Figure 2. Scores of latent variable 1 (LV1) and latent variable 2 (LV2). 

 

The constructed mathematical model with level of discrimination 0.5 allows classifying air-dry 

peat by type (prediction errors are presented in figure 3). 
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Figure 3. Prediction errors. 

 

The plot of PLS-predictions of three latent variables is presented in figure 4. 

 

 
Figure 4. PLS-predictions of tree latent variables. 

 

4.  Conclusion 

The principal component analysis in variant of projection on latent values with discriminant analysis 

was used for estimating changes in the composition and properties of air-dried peat, depending on its 

type. The PLS mathematical model was constructed and validated with minimum prediction errors. 

The analysis clearly shows that lowland Siberian peat very easy to discriminate from the lying 

Siberian peat. With PLS discriminating models using the whole set of 14 physico-chemical 

parameters, it is possible to achieve excellent discrimination almost all the time. It must be underlined 

that the statistical model shown in this article is built for Siberian peat only, but it can be extended for 

the others peat types with model correction. 
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