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47304204: MAJOR: APPLIED STATISTICS
KEY WORDS: ROBUST PRINCIPAL COMPONENT ANALYSIS/THE SIGN
ESTIMATOR/THE RANK ESTIMATOR/THE CHEMICAL COMPOSITION

WATCHARAPHONG WONGNIYOMKASET: APPLICATIONS OF PCA BASED

ON MAXIMUM LIKELIHOOD AND ROBUST ESTIMATIONS OF COVARIANCE MATRIX TO

SOIL CHEMICAL COMPOSITION FOR CLUSTERING PATTERNS: CASE STUDY FROM

THE WESTERN REGION OF THAILAND. THESIS ADVISORS: ASST. PROF.

KAMOLCHANOK PANISHKAN, Ph.D. 97 pp.

The purpose of this research is to study principal component analysis (PCA)
based on three estimations of covariance matrix; maximum likelihood estimation, robust
estimation using the rank estimator and robust estimation using the sign estimator. The
analyses were applied to the fifty eight raw and transformed data collected from three
agricultural provinces in the western region of Thailand which are Nakhon Pathom, Samut
Sakhon and Samut Songkham. Soil chemical compositions were measured by Scanning
Electron Microscope (SEM) and Energy Dispersive X-ray Microanalysis (EDX). There are ten
component variables; Oxygen, Magnesium, Aluminum, Silicon, Potassium, Calcium, Iron,
Titanium, Carbon and Sodium.

The results of the study are as follows.

(1) The basic result-for soil indicate decreased amount of O, Si, Al, Fe, C, K, Mg,
Ca, Ti and Na.

(2) Principal component analysis based on maximum likelihood estimation can
explain the most percentage of the total variation of both raw and transformed data.

(3) The transformed data with the method of Aitchison (1986) indicated the
apparent classification of the soil samples. However, the classification is not consistent to the
five textures of soil; clay, clay loam, medium loam, silty loam and sand loam.

So the other environmental factors such as the physical characteristics of soil

(color, pH), the amount of metal and micronutrient can be considered.

Department of Statistics Graduate School, Silpakorn University Academic Year 2009
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Thesis Advisor's signature
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Tasitien (T) 7035 013037 '0.08 040 007 035 -* 037 0.09

Ta1@e3 (Na) 001 0.03 005 009 010 013 010 -* 0.03 0.05
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Fe 0.116 58 0.051
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Ti 0.000 -0.014 -0.013 0.031 0.062
Eigenvalue 16.223 2.067 0.216 0.119 0.092
Cumulative 0.864 0.974 0.986 0.992 0.997
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a13197 27 Jeyansfilsznoumaniivesauuuna 65 luasousiuiu 58 fod1e

location  soiltype * @) Mg Al Si K Ca Fe C Ti Na
1 1 52.19 0.88 10.41 29.86 1.83 0.4 4.23 0 0.21 0
2 1 55.7 0.76 9.21 27.39 1.71 0.64 4.12 0 0.47 0
3 1 56.15 0.79 9.23 26.67 1.62 0.64 3.9 0 0.4 0
4 1 55.79 0.68 8.11 23.75 1.53 0.66 343 5.42 0.43 0
5 1 55.24 0.59 8.96 25.77 1.63 0.69 3.88 2.77 0.37 0
6 1 54.93 0.69 8.56 23.24 1.48 0.77 3.48 5.52 0.37 0
7 1 55.41 0.63 8.44 2358 1.4 0.61 3.19 572 0.22 0
8 1 50.39 0.29 10.05 29.99 1.97 0.75 4.68 1.87 0 0
9 1 56.37 0.82 9.21 26.24 1.55 0.84 4.06 0 0.41 0.09
10 1 52.05 0.34 10.32 30.3 1.99 0 4.99 0 0 0
11 1 55.08 0.85 8.97 25.03 1.53 0.81 3.9 2.85 0.39 0
12 1 54.63 0.75 8.33 24.85 1.5 0.58 3.78 5.03 0.36 0
13 2 50.76 0.82 8.74 31.75 1.67 0.91 5.08 0 0.16 0
14 2 55.42 0.83 8.23 26.08 1.41 1.33 3.98 1.76 0.37 0.1
15 1 52.16 0.79 10 29.43 1.79 0.98 441 0 0.44 0

€6



A1319N 27 (A1D)

location  soiltype * @) Mg Al Si K Ca Fe C Ti Na
16 3 55.01 0.68 7.92 24.52 1.71 0.83 2.78 6.12 0.35 0
17 1 55.36 0.54 9.92 25.79 1.65 0.37 3.32 18.02 0.4 0
18 3 55.42 0.66 8.92 25.95 1.86 0.46 3.52 2.77 0.42 0
19 1 52.35 0.96 9.71 29.41 1.75 0.78 4.57 0 0.45 0
20 2 56.3 0.76 9.09 27.36 1.65 0.68 3.75 0 0.41 0
21 2 55.85 0.71 8.32 25.76 1.42 0.98 3.6 2.65 0.41 0
22 2 54.44 0.63 7.7 24.79 1.44 0.69 3.5 0.27 0.37 0.09
23 2 52.26 0.82 8.94 29.02 1.65 0.89 4.92 0 0.51 0
24 2 55.76 0.7 7.87 23.96 1.33 0.83 3.33 5.89 0.33 0
25 2 56.17 0.81 8.22 26.14 1.34 0.69 3.7 2.6 0.34 0
26 2 54.76 0.84 8.31 25.85 1.53 0.8 4.29 2.59 0.42 0
27 2 56.76 0.96 8.49 26.98 1.49 0.8 3.84 0 0.4 0.26
28 1 56.32 0.73 7.55 22.97 1.27 0.57 2.86 6.96 0.22 0
29 1 52.96 0.94 9.74 28.93 1.74 0.69 4.47 0 0.51 0
30 1 54.54 0.79 8.08 23.25 1.39 0.6 3.8 7.14 0.43 0

¥6



A1319N 27 (A1D)

location  soiltype * @) Mg Al Si K Ca Fe C Ti Na
31 2 54.4 0.67 7.97 23.77 1.3 0.44 3.15 7.74 0.38 0.17
32 1 52.72 0.95 9.91 29.24 1.79 0.51 4.61 0 0.44 0
33 1 54.9 0.59 8.39 25.16 1.59 0.34 3.53 4.28 0.37 0
34 1 54.51 0.83 8.08 244 1.47 0.44 4.03 5.12 0.38 0.09
35 1 54.58 0.92 8.08 23.93 1.89 0.29 3.84 7.25 0.35 0.09
36 1 52.71 0.87 9.57 29.39 1.63 0.66 4.8 0 0.37 0
37 1 55.72 0.74 8.37 23.83 1.45 0.49 3.17 5.9 0.33 0
38 1 53.26 0.76 7.94 23.35 1.42 0.52 3.68 7.66 0.36 0
39 3 55.47 0.9 8.83 25.44 2.08 0.51 3.65 2.53 0.39 0.3
40 3 54.16 0.83 8.38 24.53 2.02 0.71 3.46 5.44 0.39 0
41 3 52.45 0.9 94 29.27 2.37 0.73 4.36 0 0.52 0
42 3 53.63 0.72 7.79 24.01 1.95 0.42 3.2 6.83 0.36 0
43 3 56.29 0.9 9.07 27.72 2.18 0.47 3.11 0 0.26 0
44 3 55.49 0.74 7.96 24.6 1.86 0.4 3.19 5.46 0.32 0
45 3 53.08 0.88 9.39 29.33 2.29 0.29 4.23 0 0.31 0

S6



A1319N 27 (A1D)

location  soiltype * @) Mg Al Si K Ca Fe C Ti Na
46 3 56.47 0.85 8.63 27.22 2.13 0.41 3.62 0 0.43 0.23
47 1 53.53 0.93 7.97 22.82 1.75 0.46 3.73 8.35 0.39 0
48 3 54.44 0.89 8.12 24.74 1.93 0.41 3.83 5.21 0.42 0
49 3 53.72 0.84 7.79 234 1.93 0.75 3.73 7.4 0.44 0
50 4 55.66 0.87 8.25 25.89 2.12 0.45 3.63 2.69 0.35 0.1
51 3 51.83 1.17 9.1 29.5 2.35 0.15 4.89 0 0.53 0.38
52 3 52.42 1.12 8.6 30.25 2.23 0.17 4.61 0 0.45 0.15
53 3 56.91 0.95 8.52 26.81 2 0.34 3.87 0 0.38 0.22
54 2 55.22 0.98 8.43 24.59 1.9 0.2 3.85 4.53 0.31 0
55 3 54.81 1.05 8.53 27.02 2.19 0.11 4.26 1.25 0.43 0.24
56 5 55.29 0.63 8.22 26.38 241 0.7 3.53 2.38 0.46 0
57 5 55.05 0.63 7.24 24.93 2.15 0.62 3.06 6.02 0.29 0
58 5 53.67 0.58 8.92 22.71 2.05 0.51 2.98 8.14 0.35 0.09
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