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Abstract— This research aims to apply the expert system to
classify the land cover of Sakaerat Environmental Research
Station, Thailand and compares the classification results
with the maximum likelihood classification, the most
common supervised classification. Expert system is a
hierarchy of rules in which the variables can be defined
extensively by users for describing hypotheses or classes.
This study applied digital number of satellite image,
principle component analysis, tasseled cap transformation,
ferrous minerals, and the digital elevation model of the study
area to the Land sat 5 TM image which was acquired on
January 18, 2011 to classify the land cover types of the study
area. The land cover types of the study area were classified
into seven classes: agricultural area, water body, grass and
abandon land, bamboo, deciduous forest, plantation, and
evergreen and restoration forest. The results show that the
overall accuracy and overall Kappa statistics of the expert
classification were 88.10% and 0.7579, respectively, which
were greater than the overall accuracy and overall Kappa
statistics, 82.38% and 0.6425, respectively, of the maximum
likelihood classification. The expert system could be applied
to helping obtain greater accuracy of the classification. A
higher accuracy of classification shows a higher of map
accuracy, which is more reliable for further use and study.
Keywords— Expert system, Land cover classification,
Remote sensing, Landsat 5 TM

1. INTRODUCTION
Land cover has been defined by [7] as the observation
of (bio)physical cover on the earth’s surface or the surface
cover of the ground [10]. Land cover and land use are
multidisciplinary in nature. It can be used to manage the
natural resource, to facilitate sustainable of the land [2].
The classification is the arrangement of objects into
groups on the basis of their relationships and describes
systematic framework, with the name of the classes and
the criteria used to discriminate them, and the relation
between classes. The classification involves class
boundaries, and therefore, it should be clear, precise,
possibly quantitative, and based upon objective criteria
[7].
The classification of remote sensing imagery has long
been of interest by the remote sensing community because
the results of the classification are the basis for many
environmental and socioeconomic applications [11].

Further, it is a basic component of the planning and
decision-making processes for area management [3]. The
achievement of satellite image classification to the
thematic maps is a complex process because it may be
affected by many factors, such as the complexity of the
landscape, type of remotely sensed data, and image preprocessing and classification approaches. In recent years,
many advanced classification methods, one of which is
the expert system, have been widely applied for image
classification [11].
The expert classification is a hierarchy of rules, or a
decision tree, that describes the condition under which a
set of low level constituent information, which consists of
user-defined variables, raster imagery, vector coverage’s,
spatial models, external programs, and simple scalars,
becomes abstracted into a set of high level information
classes [6]. As different kinds of ancillary data, such as
the digital elevation model, soil map, housing and
population density, road network, temperature, and
precipitation, may be incorporated into the classification
procedure, it has proven effective in improving
classification accuracy. A critical step is to develop rules
that can be used in an expert system or a knowledgebased classification approach. It is now becoming
attractive because of its capability of accommodating
multiple sources of data [11]. It has been reported in
previous study related to expert classification that the
accuracy of expert classification is greater than the
accuracy of the traditional supervised classification using
the maximum likelihood decision rule [4], [8], [9], [18],
[20].
Sakaerat Environmental Research Station (SERS) is
very important location for the study and research on
natural science, environment and ecology of dry
dipterocarp and dry evergreen forest. The thematic map
derived from land cover classification of SERS is the
basic information of the area. It is very important to the
managers, the researchers and the interested people to
plan their work to reach the highest achievement.
The objective of this study was to design an expert
classification system, a knowledge-based classification
approach, to classify land cover types of the Sakaerat
Environmental Research Station in Nakhon Ratchasima
Province, Thailand by Landsat 5TM of January 18, 2011
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compared with the maximum likelihood classification, the
traditional classification technique.
2. MATERIALS AND METHODS
2.1 Study area
Sakaerat Environmental Research Station (SERS) is
situated on the Korat plateau, which covers latitude 14°
26ʹ to 14° 32ʹ N and longitude 101° 51ʹ to 101° 57ʹ E. The
altitude of SERS ranges from 250 – 762 meters above
mean sea level. It is a part of Khao Phu Luang National
Reserved Forest. The area of SERS is approximately
78.08 km2. It is located in Pakthongchai and
Wangnamkhiao Districts of Nakhon Ratchasima Province
in Northeastern, Thailand (fig. 1). SERS was founded
under the Thai cabinet resolution in September 1967.
Afterwards, Man and Biosphere Program (MAB) of the
United Nations Education, Scientific and Cultural
Organization (UNESCO) has established SERS as a
Biosphere Reserve of Thailand since 1976 for educational
and research on natural science, environment and ecology
of dry dipterocarp and dry evergreen forest, and other
fields [12], [13].

Fig. 1 Maps show Nakhon Ratchasima Province and the study area

Forest resources of SERS can be classified to two types
by species composition. There are dry evergreen forest
and dry dipterocarp forest. The dry evergreen forest
consists of broadleaved species without shedding their
leaves during dry season. The important species are
Hopea ferrea Laness., H. odorata Roxb., Shorea
henryana Pierre, and Irvingia malayana Oliv. Ex
A.W.Benn. [15]. The dry evergreen forest which is
situated on a higher elevation often found mixed with
bamboo [21]. While the species composition of dry
dipterocarp forest are the species of Dipterocapaceae
Family which almost shed their leaves during dry season.
The important species are Shorea obtusa Wall. Ex Blume
and S. siamensis Miq. [15]. Moreover, the fast growing
tree of the Legumes species and economic native species,
such as Dalbergia cochinchinensis Pierre, Dipterocarpus
alatus Roxb. ex G.Don., Hopea odorata Roxb, were
planted as plantations in the encroached areas [5].
2.1 Methods
The satellite data used in this study was Landsat 5 TM
image, path 128 row 50, which was acquired on January

18th, 2011. The software used for preparing and
analyzing the data was ERDAS Imagine and ArcGIS
remote sensing software.
The geometric correction using image-to-map
rectification was performed for the satellite image, where
topographic maps scale 1:50,000 were used as the
reference maps. The satellite image was geo-referenced to
WGS84 datum and UTM Zone 47 North coordinate
system. The nearest neighbor re-sampling method was
generated because it can maintain the properties of pixels
reflectance [16]. RMSe was less than 1 pixel. Six spectral
bands, band 1-5 and band 7, were used in the
classification procedure.
Land cover was divided into seven classes: agricultural
area, water body, grass and abandon land, bamboo,
deciduous forest, plantation, and evergreen and
restoration forest. These were divided using a preliminary
survey of the satellite image, field survey and
modification of land use classification system of the Land
Development Department, Thailand [17].
2.1.1) Supervised classification
Landsat 5 TM imagery year 2011 was performed
using the maximum likelihood decision rule, which is the
most common supervised classification used with remote
sensing data [14]. The classification method uses the
training data as a means of estimating the mean and
variance of the class, which are used to estimate
probability. It considers not only the mean or average
values in assigning classification, but also the variability
of each class. Its decision rule is based on the probability
that a pixel belongs to a particular class [1]. In this
classification method, the training data sets for each land
cover classes were assigned using a land use map of
SERS, bands combination, and field data.
2.1.2) Expert classification
Expert classification was performed using the
IMAGINE Expert classifier. The Expert classifier is
composed of two parts: the Knowledge Engineer and the
Knowledge Classifier. The Knowledge Engineer provides
the interface for an expert with first-hand knowledge of
the data and the application to identify the variables, rules,
and output classes of interest and to create a hierarchy
decision tree. The Knowledge Classifier provides an
interface for non-experts to apply the knowledge base and
to create the output classification [6].
The conditions used in the expert classification
are as follows:
 Digital number (DN) of an image
 Band ratio, which highlights the specific
features that have high reflectance in one
band and relatively low in another. The band
ratio that was used in this study was ferrous
minerals (FM), which was calculated from
TM5/TM4.
 The principle component analysis (PCA),
which changes the values of pixels based on
multivariate statistical relation derived from
the spectral reflectance values for all pixels in
all bands. It also compresses redundant data
values into fewer bands, which are often
more interpretable than the source data.
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 Tasseled cap transformation (TC), which
rotates the data structure axes to optimize
data viewing for vegetation studies. It can be
used to divide brightness, greenness, and
wetness [6].
 Ancillary data, the digital elevation model
(DEM), as also used as a condition in the
study.
Table 1 shows the hypotheses, rules, and
variables used in the Knowledge Engineer module.

are 92.14% and 89.58%, respectively. These accuracy
results are shown in table 2.
The result indicated that the producer’s accuracy of
plantation was very low, at 30.77%. This shows an
omission error of plantation class. The pixels of plantation
class were classified to other classes; in this case it was
classified as grass

TABLE 1 THE HYPOTHESES, RULES, AND VARIABLES USED IN
THE KNOWLEDGE ENGINEER MODULE

Class
Agricultural
area

Rule
Rule base I

Water body

Rule base II

Grass and
abandon land

Rule
III

base

Bamboo

Rule
IV

base

Variable
DN3 ( 67.2, 188.76)
DN4 ( 77.14,
DN5
(

149.14)
123.03,

232.58)
DEM ( >300)
DN 4 ( 1.69,

25.28)

TC2 ( -34.83,

39.89)

TC3 ( -66.29,
DEM ( 540)

-7.3)

DN3 ( 37.08,

58.99)

DN4
(
222.47)

171.91,

DN5 ( 96.07,
Deciduous
forest

Rule base V

Plantation

Rule
VI

139.89)

TC1 ( 157.87,

279.78)

TC2 ( -26.97,
TC3 ( -38.76,

47.75)
16.29)

PCA2 ( -103.37,
base

DN3 ( 23.6,

6.47)

40.45)

DN5 ( 45.51, 79.21)
TC1 ( 122.47, 201.12)
TC2 ( 47.75, 118.54)
TC3 ( 8.43, 39.89)
PCA1
(
223.03)

136.52,

PCA2 ( 10.61, 69.66)
PCA3 ( -28.65, 6.47)
FM ( 0.31,
Evergreen and
restoration
forest

Rule
VII

base

0.47)

PCA1 ( 73.6,
PCA2 ( -20.79,
PCA3 ( -20.79,

234.83)
53.93)
22.47)

3. RESULTS AND DISCUSSION
3.1 Maximum likelihood classification
Land cover classification, performed by the maximum
likelihood decision rule, is presented in fig. 2, which
shows the results after the 3 x 3 majority filtering. The
result of the overall accuracy is 82.38% and the overall k
statistic is 0.6425. The producer’s accuracy and user’s
accuracy of grass and abandon land are 0.00% and 0.00%,
deciduous forest are 94.74% and 73.47%, plantation are
30.77% and 61.54%, and evergreen and restoration forest

Fig.2 Land cover classification map by the maximum likelihood
classification
TABLE 2 ACCURACY ASSESSMENT OF THE MAXIMUM
LIKELIHOOD CLASSIFICATION

Class

RefClassNo.
PA
UA
k
erence
ified
Correct
(%)
(%)
total
total
Agr
4
0
0
0.0000
Wa
0
0
0
0.0000
Gr
1
4
0
0.00
0.00
-0.0048
Bb
1
0
0
0.0000
De
38
49
36
94.74
73.47
0.6761
Pl
26
13
8
30.77
61.54
0.5610
Ev
140
144
129
92.14
89.58
0.6875
total
210
210
173
Overall accuracy = 82.38%, Overall Kappa statistic = 0.6425
Note:Agr:agricultural area, Wa: water body, Gr: grass and
abandon land, Bb: bamboo, De: deciduous forest, Pl: plantation,
Ev: evergreen and restoration forest, PA: Producer’s accuracy, UA:
User’s accuracy, k: Kappa statistic

and abandon land, deciduous forest, and evergreen and
restoration forest. It also shows that the spectral signature
of these classes is similar to one another; therefore, it was
calculated to the class of highest probability [19].
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The estimated area in km2 of each class which was
calculated by the maximum likelihood classification
showed that agricultural area covered 0.29% (0.2315 km2),
water body covered 0.01% (0.0086 km2), grass and
abandon land covered 1.15% (0.9200 km2), bamboo
covered 0.13% (0.1066 km2), deciduous forest covered
22.58% (18.0786 km2), plantation covered 5.58% (4.6854
km2), and evergreen and restoration forest covered
69.98% (56.2017 km2). The details are shown in table 3.

land cover class of the expert classification were greater
than those of the maximum likelihood classification.
However, this excluded the deciduous forest class where
the user’s accuracy of the maximum likelihood
classification was slightly higher than the expert
classification. The details of the overall accuracy and
overall Kappa statistic of the expert and maximum
likelihood classification are shown in table 6.

TABLE 3 THE ESTIMATED AREA CALCULATED BY THE
MAXIMUM LIKELIHOOD CLASSIFICATION

Land cover type
Agricultural area
Water body
Grass and abandon
land
Bamboo
Deciduous forest
Plantation
Evergreen and
restoration forest
Total

Area
(hectare)
23.15
0.86
92.00

Percent cover
(%)
0.29
0.01
1.15

10.66
1,807.76
468.54
5,602.17

0.13
22.58
5.58
69.98

8,005.24

100.00

3.2 Expert classification
Land cover classification conducted by the expert
system is presented in figure 3 which shows the results
after the 3 x 3 majority filtering. The result of the overall
accuracy is 88.10% and the overall k statistic is 0.7595.
The producer’s accuracy and user’s accuracy of
agricultural area are 75% and 100.00%, grass and
abandon land are 100.00% and 50.00%, deciduous forest
are 100.00% and 73.08%, plantation are 34.62% and
90.00%, and evergreen and restoration forest are 95.71%
and 93.71%, respectively. These accuracy results are
shown in table 4.
The results indicate the very low value of the
producer’s accuracy of the plantation class, at 34.62%.
Even though, the percentage of the producer’s accuracy of
the plantation class by the expert classification is higher
than that of the maximum likelihood classification, it
shows that the omission error is still high. In this case, the
pixels of the plantation class were classified as grass and
abandon land, deciduous forest, and evergreen and
restoration forest. To solve this problem, others variables
can be added to in a hierarchical rules to improve the
accuracy of the producer of the plantation class.
The estimated area in km2 of each class which was
calculated by the expert classification showed that
agricultural area occupied 1.32% (1.0523 km2), water
body occupied 0.01% (0.0086 km2), grass and abandon
land occupied 0.49% (0.3871 km2), bamboo occupied
0.26% (0.2070 km2), deciduous forest occupied 22.39%
(17.8164 km2), plantation occupied 4.31% (3.4288 km2),
and evergreen and restoration forest occupied 71.22%
(56.6832 km2). The details are shown in table 5.
When comparing the results of the two classifications,
maximum likelihood and expert classification, it was
found that the overall accuracy, the overall k statistic, the
producer’s and user’s accuracy, and the k statistic of every

Fig.3 Land cover classification map by the expert classification
TABLE 4 ACCURACY ASSESSMENT OF THE EXPERT
CLASSIFICATION

Agr
Wa
Gr

Referen
ce
total
4
0
1

Bb
De

1
38

Clas
s

Classified
total

No.
Corre
ct

3
0
2

3
0
1

0
52

0
38

PA
(%)

UA
(%)

k

75.00
100.0
0
100.0
0
34.62
95.71

100.00
50.00

1.0000
0.0000
0.4976

73.08

0.0000
0.6713

Pl
26
10
9
90.00
0.8859
Ev
140
143
134
93.17
0.8112
total
210
210
185
Overall accuracy = 88.10%, Overall Kappa statistic = 0.7595
Note:Agr:agricultural area, Wa: water body, Gr: grass and
abandon land, Bb: bamboo, De: deciduous forest, Pl: plantation,
Ev: evergreen and restoration forest, PA: Producer’s accuracy, UA:
User’s accuracy, k: Kappa statistic

397

ISSN 2250-0987
Chonlanet Preechacharoensri et al, UNIASCIT, Vol 3 (2), 2013, 394-399
4. CONCLUSION AND RECOMMENDATIONS
Expert system allows users to apply the variables for a
hierarchical rule for describing the hypotheses or classes.
The various variables can be applied to a hierarchy
decision tree. This study applied DN, band ratio (FM),
PCA, TC, and ancillary data (DEM) to construct a
hierarchy decision tree and to create the defined output
land cover classes. The result of the overall accuracy is
82.38% and the overall k statistic is 0.6425. The
producer’s accuracy and user’s accuracy of grass and
abandon land are 0.00% and 0.00%, deciduous forest are

TABLE 5 THE ESTIMATED AREA CALCULATED BY THE
EXPERT CLASSIFICATION

Land cover type
Agricultural area
Water body
Grass and abandon
land
Bamboo
Deciduous forest
Plantation
Evergreen and
restoration forest
Total

Area
(hectare)
105.23
0.86
38.71

Percent cover
(%)
1.32
0.01
0.49

20.70
1,781.64
342.88
5,668.32

0.26
22.39
4.31
71.22

7,958.34

100.00
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