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ABSTRACT

As it is the case in remote sensing images, one of the main problems in multi-
spectral images is that land cover may be more frequent than sampling intervals between
pixels in the image. Thus, the pixel representing mixture of land cover is called mixed
pixels.

The classic algorithm of classification is based on two values: right or wrong. When
there is overlapping areas of the future space, there will be mistake in the top of
classification. Thus, in recent years, the application of the fuzzy logic in remote sensing
images witnessed rapid developments. Fuzzy set theory provides useful concepts and
methods to handle interlocked information, where fuzzy classification is used to put a
distinction line between the types, and to take the information from mixed pixels. Fuzzy
classification plays a major role in carrying out full classification.

What is done in this research is designing a complete program for supervised
classification depending on fuzzy rule base and using trapezoidal membership function to
represent prior knowledge.

Such a program was applied to remotely sensed data recorded by the TM-sensor
(Thematic Mapper) of Landsat-5 satellites. The results were good comparing with the
results obtained using the traditional ways such as Maximum Likelihood (ML), and
neural network such as Probabilistic Neural Network (PNN). The outcome accuracy of
classification is shown to be better than those produced by either the ML or PNN. This
technique is implemented by using Visual C++ 6.0 programming language.
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INTRODUCTION

The aim of multi-spectral image used in remote sensing images is to classify all the
pixels automatically in image categorizes representing land cover, which means
conversion of image data to information of a certain induction (Lillesand and Kiefer,
1994).
| There are two types of image classification: the supervised and unsupervised, where
the supervised classification is controlled by user more than the latter because supervised
classification requires prior knowledge about the field and consequently leads to results
better than of unsupervised classification (Tso and Mather, 2001). Therefore, in this
research the supervised classification is used.

Many methods of classification were applied on remote sensing images such as the
classical methods e.g. Abkar et al. (2000) who used maximum likelihood for the
segmentation and classification of remotely sensed images.

With the development of artificial neural network technologies, this method was
used in the classification of remotely sensed images (Atkinson and Tatnoll, 1997) where
the two researchers, Mohanty and Majumdar, (1999) used multi-layer Perceptron
network to classify the images and with all the development in computer technologies
related to image processing, software programs were made to classify remote sensing
images. Al-Shumam, (2001) built an Integrate software to classify the data of remote
sensing which included all classical and neural network methods.

The development of the neural network algorithms, the stable need for classical
methods of classification and not being able to prefer one method above the other, came
the possibility of integration between neural network and statistical approaches to classify
remotely sensed images classified (Wikinson et al., 1995). However Al-Nuaimy, (2002)
classified the data of remote sensing by using integration between neural networks and
classical methods, and with the rise of mixed pixel in horizon and the lost boundaries
among these methods the attention now is directed to use fuzzy set theory to solve this
overlapping problem. Where in the previous methods all kinds of pixels were generated
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and exactly assigned to all kinds, but the need for solving integration problem and the
need to find a way varying proportions, thus the fuzzy classification is used.

Chen (1999) made a study to develop fuzzy supervised to train the selected data and
classify the image The basic step in this method is to guess fuzzy mean and fuzzy
covariance to choose the training area and to use them in maximum likelihood to classify
the image. The researchers Bardossy and Samaniego, (2002) made a fuzzy rule base
modeling to classify LADSAT TM sensor from 1984 for region south Germany. They
used land cover map with four different categories with an image showing degree of
ambiguity of classification for each expected pixel.

Ghosh, et at., (2003) suggested fuzzy rule base cloud classification scheme to
produce cloud cover using MeteoSat 5 visible image of the Indian subcontinent and
Indian ocean to classify each pixel into one of the following three categories: clear sky,
cloudy sky and partially cloudy sky.

The present study differs from all previous works are totally different form this
study. It uses a complete program using algorithm of fuzzy rule base to classify multi-
spectral images (i.e. more than one band being dealt with in more than one mathematical
process Petron, (1999). In addition to that, the study uses trapezoidal fuzzy membership
function instead of triangular fuzzy membership function applied in all previous studies,
due to its easiness. After that, this program is used to classify multi-spectral image of
Mosul and the results are good compared with the results when using maximum
likelihood and the results of probabilistic neural network.

MULTI-SPECTRAL CLASSIFICATION USING FUZZY RULE

A fuzzy rule base is used (fuzzy system) for classification which generally
comprises of three principal steps, as shown in F igure (1). The first step, fuzzification,
involves the division of the input feature space into fuzzy subspace, each specified by a
fuzzy membership function. Fuzzy rules are then generated from each fuzzy subspace.
The second step, inference, requires the calculation of the strength of each rule being
triggered. The final step, defuzzification, combines all triggered rules and generates a
non-fuzzy outcome (Tso and Mather, 2001).

FUZZY MEMBERSHIP FUNCTIONS

There are many membership functions that can be used for land cover classification
using a fuzzy approach. Examples of fuzzy membership function shapes are: Monotonic,
Triangular, Trapezoidal, Bell-Shaped etc (Klir et al., 1997).

A monotonic function will result in a crisp classification without any fuzziness. The
classification training set contains a range of pixels. A triangular function is not suitable
to describe the data in the training set. It has only peak value, at which membership
equals 1. The bell-shaped function gives rise to a similar problem, where only one peak
value is there a long with many values nearer to the peak. So this does not hold good for
supervised classification (Hegde, 2003).

A trapezoidal function or a function that results in a fuzzy set with a central region
and upper and lower transition zones with different widths can be successfully used for
fuzzy supervised classification. Figure (2), shows an example using a trapezoidal
membership function to divide the feature space into fuzzy partitions. The diagram shows
two partitions with an overlapping area. Within each partition, the membership value
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depends on the pixel values. Once the input feature space has been divided in a fuzzy
fashion, the rule set is then generated. The general form of fuzzy rule is as follows “If the
pixel is in fuzzy partition A then the pixel belongs to class J with certainty w”,
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Fig. 1: Basic architecture of fuzzy system.
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The creation of rules and certainty parameters w (which is a function of membership
value) is performed automatically. The user has only to define the membership function
and to select training samples (Tso and Mather, 2001).

METHOD AND ALGORITHM
The fuzzy supervised classification used in this research consists of two major
steps: (1) the estimate of the fuzzy parameters from training data, and (2) the fuzzy
classification of the images.
For simplicity, a two dimensional input case is used:
The input features are normalized onto the range [0,1].
Each dimension in the input space is the partitioned into k-fizzy subspace denoted by
{a;, ay,..., a }, where g; indicates the ith fuzzy subspace.
A trapezoidal membership function is adopted, and the fuzzy subspace for g; is then
defined by:

. 2|s~a,.l
4, (s)=min 2——/{——,1 , for a,.—/'tsls—a,|£a,+/1

M (s)=0 otherwise
where s is the normalized input pixel value, g(s) is the member grade, a; is the
trapezoidal center for fuzzy subspace i and A is the membership function width. Both
a; and A are defined as:

a_i—l )

ST )
1

=TT e (3)

where £ is the maximum number of partitions for the corresponding input dimension,
and i runs from 1 to £.

1-Algorithm for the construction of fuzzy rule for each fuzzy subspace ij Begin:

Let / denotes the number of information classes, and », denotes the number of
training patterns for class x currently falling within the fuzzy subspace ij, (A) operator is
the minimum operator.

1- Calculate weighting S, for each class x as:

Bo=S m(s)Am,(sy) forx=ltol ... @
S=1

2- Choose class ¢y such that

ﬁcy‘ :Max{ﬂlugZa"")ﬁ]} i iisereiriie e (5)

3- Calculate rule strength w;; as:
B (ﬂcy - ﬂ)
Wiy =7 rieeerersreisesarests (6)

2. B
x=1
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!
where ﬁ—‘—-li—l DB (7

x=1,x#c

End

2-Algorithm for classifying the image:
Begin
For each pixel
1-Calculate o for each class, as :

a, = Max{[,u, (s AL, (s2)]- w,.j“c,j = xVi,j} ............... ®)
2- Classify the pixel as class ¢ such that ‘
a, = Max{al,a2,....,al} ............... ©)
End
RESULTS AND DISCUSSION

In this study, complete software was designed to classify multi-spectral images
using algorithm of fuzzy rule base. This system was programmed using Microsoft Visual
C++ ver 6.0 in windows. This program comprises many choices to be benefited in multi-
spectral image classification as shown in Plate (1), and one of these choices is False
Color Composite image which is used in the test of training area to be used later in
supervised classification.

The main benefit of this program is its generality in classification of any kind of
image with any number of bands. The researchers applied this program on a sense in
Mosul area taken by the TM on the satellite Landsat 5 with resolution 30m. Three bands
were used of the Landsat 5 they are: TM3 (0.63-0.69)um, TMS5 (1.55-1.75)um,
TM7(2.08-2.35)um, six integrated type, were known using the visional analysis of false
color composite image made of three bands RGB(3,5,7) as shown in Plate (2).

The classification adopted these three bands only for the impossibility of using the
other bands. These were Water area, Grasses, Agricultural fields, Barren area, Urban area
and Hill area. In order to make a study showing the importance of using fuzzy supervised
to eliminate integration and to solve the problem of mixed pixels. Fuzzy rule base
algorithm was used which uses trapezoidal membership function. In order to make
comparison with the traditional methods and neural networks, the same training area was
used where maximum likelihood algorithm was used as one of the traditional methods
and probabilistic neural network as one of the algorithms used in classification of images
associated with artificial neural networks and the results are shown in Plate (3).

If a comparison was made between the three images, the result will be for fuzzy rule
classifier rather than PNN classifier and ML classifier where small areas are shown in
fuzzy rule classification within the range of river, indicating that there are small islands
with grasses which is similar to field and it is a fact river in this part of Mosul contains
many small islands, not to forget to mention, grasses and urban areas very clearly, and
what enforces these results are accuracy calculations for each type in all algorithm as
shown in Table (1) where we find the accuracy overall for the algorithm is (95.45%)
higher than the accuracy overall for the algorithm of PNN which is (91.63%) and
accuracy overall for algorithm of ML which is (91.58%). '
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Form this comparison, we conclude that fuzzy rule base algorithm is better in fuzzy
supervised rather than the traditional method of maximum likelihood and probabilistic
neural network.

The second part of the research concentrates on using trapezoidal membership
function rather than triangular membership function in fuzzy base rule algorithm. We can
see in plate (3) that the image resulting from the first case is better than the one resulting
from the second case, asserted by accuracy, as shown in Table (1) where we find that
accuracy overall when using trapezoidal membership function in fuzzy rule algorithm
reading (95.45%), is better than accuracy overall when using triangular membership
function in fuzzy rule function reading (92.10%). The reason as stated earlier that
triangular function comprises a single pick whereas in trapezoidal function there is more
than one value depending on the type of function.

Table 1: The accuracy of individual classes, overall accuracy using four types of
classification algorithm (ML, PNN, Fuzzy rule base using triangular
membership function, and Fuzzy rule base using trapezoidal membership
function).

. Individual llj:iizg}l’ll“:il:nt)gz:xsl;r Fuzzy rule base using
ML PNN membership function Trapezmdz'tl .
Class membership function
Accuracy
River ,Lake, Channel 98.64% | 96.62% 97.29% 97.29%
Grasses 97.72% | 98.63% 97.27% 96.36%
Agricultural Fields 100.0% | 100.0% 97.14% 97.95%
Barren Area 87.33% | 72.92% 72.92% 97.81%
Urban Area 94.88% | 94.88% 100.0% 99.18%
Hill Area 70.88% | 86.70% 87.97% 84.08%
Overall accuracy(%) 91.58% | 91.63% 92.10% 95.45%
CONCLUSIONS

The research shows the significance of using fuzzy supervised for multi-spectral
images containing integrated areas. The use of fuzzy rule base gives better results than
using the traditional ways like maximum likelihood and probabilistic neural network.

The second conclusion is that using trapezoidal membership function in fuzzy rule
base algorithm is better than other membership functions especially triangular
membership function which is used for its simplicity by other researchers.

Finally, these conclusions were used to design complete software to classify multi-
spectral images using fuzzy rule base. -
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Plate 2: TM-Sensor Raw Images of Mosul Area, and FCC’s of
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Plate 3: Supervised Classification Results.
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