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Abstract—Morphological profiles (MPs) have been proposed for
the segmentation and classification of high spatial resolution (HSR)
images. A shortcoming of the originally proposed MPs is that the
profiles were only based on structuring elements (SEs) of one
particular shape, suggesting that such MPs may not be suitable
for detecting different shapes in images. To better fit several shapes
in a given image, a new approach based on mathematical morphol-
ogy is proposed to extract structural information fromHSR images
and consequently yield new versions of MPs. The classification
results for the new MPs are compared with the classification of
spatial features extracted with the use of pixel shape index, gray
level co-occurrence matrix, and previously proposed MPs. The
experimental results suggest the following: 1) structural and spec-
tral features can complement each other and their integration can
improve classification accuracy and 2) MPs constructed by differ-
ently shaped SEs are less sensitive to salt-and-pepper noise than
those constructed by fixed-shaped SEs.

Index Terms—Classification, high spatial resolution (HSR)
images, morphological profile (MP), shape of structuring
element (SE).

I. INTRODUCTION

A T PRESENT, a large amount of detailed ground informa-
tion can be acquired because of the increased availability

of high spatial resolution (HSR) images in urban areas. Thus, the
potential applications of remote sensing have increased; these
applications include urbanmonitoring, decision-making in urban
development, and studies on the effects of human activities. The
classification of HSR images should be useful in practical
applications. However, high geometrical resolution and rich
spectral information can result, on the one hand, in images that
have different spectral values for the same classes and, on the

other hand, in images that show a similar spectral reflectance for
different classes. Therefore, the structural or spatial information
in HSR image must be exploited to enhance the classification by
spectral-based approaches [1]–[3]. This paper develops novel
morphological profiles (MPs) based on mathematical morphol-
ogy for extracting structural information. The proposed MPs are
investigated in classification of HSR image data.

Spatial features (or structural information) complement spec-
tral information in classification of HSR image [1], [4], [5], and a
number of methods have been proposed for such classification,
including spatial feature extraction based on contextual informa-
tion. This approach extracts the shape, texture, or contextual
information from an HSR image on the basis of the contextual
relationship among neighboring pixels. In addition, the extracted
spatial features are combined with the spectral features for the
purpose of classification. Huang et al. proposed a spatial feature
called pixel shape index (PSI), which describes the shape feature
of a local area that surrounds a central pixel on the basis of spectral
similarity. Texture is another widely used feature in classification
of images because high-resolution images can describe ground
texture in detail. The wavelet transform [6] and the gray-level
co-occurrence matrix (GLCM) [7] are the most commonly used
texture feature extraction methods. In addition, the Markov
random field and its derivative approaches can be used to extract
spatial features from high-resolution images [8]–[10].

Recently, several approaches based on mathematical mor-
phology have been successfully used in classification of HSR
images from urban areas. Benediktsson et al. presented differ-
ential MPs (DMPs) based on increasing the sizes of structuring
elements (SEs) [11] in opening and closing operators. Mean-
while, extended MPs (EMPs) have been proposed for analyzing
hyperspectral data [12].WeightedDMPswere proposed forHSR
image classification in [13]. Furthermore, Dalla Mura et al.
defined morphological attribute profiles (APs), which provide
a multilevel characterization of an image created by the sequen-
tial application of morphological attribute filters. These filters
can be used to model different kinds of structural information
[14]. APs were also extended in [15]. AlthoughMP is a powerful
tool for investigating the scale of structures in whole image
scenes, the practical application of MPs faces two problems.
1) When a single-shaped SE is used to model the spatial
information within an image scene, the SE may be unable to
cover the multifarious structures in the entire image, even though
the suitability of the SE tomodel the size of an object is enhanced
by a set of variable sizes. 2) The selection of the shape of the SE
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forMPs is another problem because the shape of the SE is crucial
for extracting structures from an image. That is, SE is used to
probe or interact with a given image, and the result of the
extraction depends on how the selected shape fits or misses
objects in the image. In particular, the choice of a certain SE for a
particular morphological operation influences the information
obtained. One of the two main shape characteristics is related to
the SE [16]. To date, not much attention has been given to the
shape of SEs in the application of MPs. Therefore, the influence
of the shape of SEs on the application of MPs needs to be
investigated.

In this paper, a novel approach is proposed for constructingMPs
that is based on multishaped SEs. Compared with conventional
MPs, the proposed approach fits more shapes and extracts more
structural information from a given image. To verify the perfor-
mance of the proposed method, three experiments were designed
on the basis of three HSR images: 1) a ROSIS-03 hyperspectral
image of Pavia University; 2) a hyperspectral ROSIS-03 scene at
Pavia Center; and 3) IKONOS data obtained from Reykjavik,
Iceland. In these experiments, the proposedMP-based approach is
compared with the approaches that use a spectral feature only
along with approaches that use other spatial features, such as
EMP-based approaches that have previously been applied in the
classification of HSR images from urban areas [12].

This paper is organized as follows. Section II describes the
process of constructingMPsbasedonmultishapedSEs.Section III
shows the framework of the proposedMPs applied in the classifi-
cation of HSR images. Section IV details experiments on three
HSR data sets. Section V presents the conclusion of this paper.

II. NEW MPS WITH MULTISHAPED SES

Whichever operator ofmathematical morphology is applied in
image processing, an SE of a well-known shape must be adopted
to extract the structural information from an image. An SE is a
template composed of a smallmatrix of pixels, and each pixel has
a value of zero or one. The matrix dimensions specify the size of
the SE. The patterns of ones and zeros specify the shape of the
SE. The SE is centered at all possible locations in the image and is
compared to its neighboring pixels.

The basic operators of mathematical morphology are dilation
and erosion. Two important operators are based on dilation and
erosion: 1) opening and 2) closing. Considering an image , let
be a pixel in the image, and the domain of be R [usually,

, e.g., a two-dimensional (2-D) image], R . The
result of an erosion of a grayscale image at pixel
bySEwith the shape is theminimumvalue of pixels inside

(where is the defined domain of and is centered at pixel ),
as shown in

Dilation is defined as the dual operator of erosion. There-
fore, the minimum operator in the definition of erosion should be
switched to the maximum operator in the case of dilation, as
shown in

Dilation and erosion are the two fundamental morphological
operators. Erosion-based operations test whether an SE “fits” an
object within a neighborhood, whereas dilation-based opera-
tions test whether an SE “hits” an object in a neighborhood.
This means that dilation adds pixels to the boundaries of objects
in an image, whereas erosion removes pixels from object
boundaries. The number of pixels added or removed from an
object depends on the size and shape of SE used to process the
image.

A combination of erosion and dilation gives either opening or
closing, i.e., the opening ( ) and closing operators ( )
are, respectively, defined as

where , the operation of opening an image, is an erosion
followed by a dilation, where the same SE is used for both
operations. The closing of an image is the reverse, as it consists of
a dilation followed by an erosion with the same SE.

On the one hand, the basic effect of opening is fairly similar to
that of erosion, in that opening tends to remove bright pixels from
a fitted object. On the other hand, closing is similar to dilation, in
that closing tends to enlarge the boundaries of foreground
regions in an object but is less destructive to the shape of the
object being processed.

When mathematical morphology is used to extract structures,
the response for a given SE depends on the interaction between
the shape and size of the SE and the objective structure. The
shape of structures is difficult to detect in practical applications.
In other words, a prior-SE is impossible to determine accurately.
The shape is usually chosen on the basis of some a priori
knowledge regarding the geometry of the relevant and irrelevant
image structures. Thus, MPs based on a range of different SE
shapes should be used to cover a greater number of different
structures in the spatial domain and to obtain the best response of
the structure during image processing.

In viewof the proposednotion ofmorphological characteristics,
a novel MP with differently shaped SEs is proposed in this study.
The definition of the proposed MP is based on the opening and
closing operations. A family of shapes,

, is considered.Let be the shape of anSEwith a
fixed size, and be the total number of shapes considered for an
SE. Let be an image. Thus, the proposed MPs with differently
shapedSEs are defined as the composition of profiles builtwith the
opening and closing operations. This composition is built by
reconstruction with the use of SEs with different shapes but of
the same sizes

From a single panchromatic image, the MPs with -shaped SE
results in a band image. An example of the proposedMPs
with three differently shaped SEs, based on a single band image, is
given in Fig. 1.

LV et al.: MPs BASED ON DIFFERENTLY SHAPED SEs FOR CLASSIFICATION OF IMAGES WITH HSR 4645



In this paper, each pixel ( ) from the image ( ) is processed
by both opening and closing operations to extract the fitted
structure in the image. Different shapes of the SE have a fixed
size centered at pixel to improve the likelihood that the SE
would fit the structure in the image. From a theoretical view-
point, the spatial information of the geometric features can be
analyzed by using a set of MPs, which are generated by the
repeated use of the opening and closing operations with a set of
differently shaped SEs. An original gray-level image of MPs
based on three shapes (line, square, and diamond) is presented
as an example in Fig. 1.

III. PROPOSED MPS-BASED CLASSIFICATION SYSTEM

As demonstrated by previous studies [1], [3], [8], extraction
of spatial features is helpful in the classification of HSR images.
A schematic of a classification system based on the proposed
MPs is shown in Fig. 2. The system consists of the following
steps.

1) Decomposition is performed because it is necessary in the
classification of high-resolution and hyperspectral data. For
panchromatic images (one-band images), the approach is
applied directly to the single band. In contrast, to apply the
MPs on a hyperspectral image, a characteristic image needs
to be extracted from the original data [12] by a decomposi-
tion approach, such as principal component analysis (PCA)
[17] or independent component analysis (ICA) [18]. In this
paper, PCA was adopted to extract the principal compo-
nents, which are given as ,
where is the number of principal components.The approach
detailed in [12] was used in determining the number of
principal components selected from for consideration
during the construction of the proposed MPs.

2) A set of differently shaped SEs was used to construct the
MPs by repeating the opening and closing operations on
the selected components. For example, if an SE with 3
different shapes was adopted and 3 components were
selected, an 18 dimensional profile would then be created
for the original image.

3) The proposed MPs and the selected spectral principal
components were then integrated by using a layer-stacking
tool embedded in the ENVI 4.8 business software.

4) The support vector machine (SVM) [19] classifier was
used in the classification of the spectral and structural
features provided by the proposed MPs.

Finally, the accuracy of the entire procedure was assessed.

IV. EXPERIMENTS AND ANALYSIS

In this section, the proposed MPs were tested in the classifi-
cation of HRS data in three experiments using two HRS
hyperspectral images and one HRS panchromatic image. The
two hyperspectral images were acquired with the ROSIS-03
sensor during a flight campaign over Pavia in northern
Italy. The ROSIS-03 sensor produced 115 data channels,
with a spectral coverage ranging from 0.43 to μ . The
ROSIS-03 has a 1.3-m spatial resolution. The panchromatic
image obtained by the IKONOS satellite has a 1.0-m spatial
resolution. Each of the three experiments is detailed in
Section IV.

In the following experiments, SVMwith radial basis function
(RBF) function are adopted as classifier for each image to
ensure comparing fairness. RBF works well in most cases, and
there are two parameters for an RBF kernel, i.e., the Gamma and
the penalty parameter. It is not known beforehand which
Gamma and penalty parameter are the best for a given image.
Consequently, some kind of parameter estimation must be
done. The goal is to identify good parameters (Gamma and
penalty parameter) in order for the SVM to accurately classify
unknown data (i.e., test data). Cross-validation (CV) is widely
used to achieve this goal. In -fold CV, a training set is divided
into subsets of equal size. Sequentially, one subset is tested
using the classifier trained on the remaining subsets.
Thus, each instance of the whole training set is predicted once

Fig. 1. MPs based on differently shaped SEs (three opening and three closing
operations); the fixed size of each SE is .

Fig. 2. Classification system based on the proposed MPs applied to
hyperspectral.
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so the CV accuracy is the percentage of data that are correctly
classified. The CV procedure can prevent overfitting. There-
fore, CV is used for parameter selection in the following
experiments, and the default is set as 5.

A. Experiment 1: ROSIS-03 Pavia University Image

This experiment has two purposes. The first purpose is to test
the effectiveness of the proposed MPs in extracting structure
information. The second purpose is to explore whether the
combination of the spatial features extracted by the proposed
MPs and the spectral features can perform well in HSR data
classification. The proposed MPs are compared with the classi-
fication of the spectral feature alone and other approaches that
use spatial information, i.e., PSI [2], GLCM [7], and EMPs [12].
The original data set is pixels. A total of 12 channels
were removed because of noise. The remaining 103 spectral
dimensions were processed. Nine classes of interest were con-
sidered: Trees, asphalt, bitumen, gravel, painted metal sheets,
shadows, bricks, meadows, and soil. A false color composite of
the image with channels 60, 27, and 17 for red, green, and blue,
respectively, is shown in Fig. 3(a). The ground reference samples
are shown in Fig. 3(b).

In this experiment, a hyperspectral image was classified.
Therefore, the dimensionality of the spectral information needs
to be reduced for the mathematical morphological approaches
prior to processing. The top three principal components
( ) were selected from 103 bands by using PCA.
These top components accounted for approximately 98.86% of
the total variance in the image. To test the effectiveness of the
proposed MPs coupled with spectral information in the classifi-
cation, the spectral feature [20] and three other spatial features
[2], [7], [12] were compared with the proposed MPs using the
same training and test data. The details of the training and test
samples are listed in Table I. The parameters for each approach
are detailed as follows.

1) Spectral feature: The top three principal components were
placed into the SVM classifier as spectral features for

classification. A RBF kernel function was used, and the
parameters were set by CV. The obtained Gamma param-
eter was 0.33, and the penalty parameter was 100.0.

2) PSI: This feature was extracted according to [2], and the
three parameters ( , , and ) were
selected. PSI coupled with spectral feature were used for
classification, and the parameters (Gamma: 0.5, penalty
parameter: 100.0) of the SVM with the RBF kernel were
acquired through CV.

3) GLCM: The “mean, variance, homogeneity, and correla-
tion” ofGLCMwere computed from the top three principal
components with a window. These textural and
spectral features were used for classification based on
SVM with RBF. The parameters (Gamma: 0.2, penalty
parameter: 100.0) of SVM with the RBF kernel were
acquired through CV.

4) The parameters of EMPs [12]: SE is a “disk” with
an increasing size: , , , and . The
EMPs were constructed through a repeated use of the
opening and closing operations by SEs with increasing
sizes. The parameters (Gamma: 0.143, penalty parameter:
100.0) of SVM with the RBF kernel were acquired
through CV.

5) The proposed MPs were constructed by differently shaped
SEs. The shape set used for SE was

with a fixed size of
pixels. Each shape of the SE was used twice, i.e., for one
opening operation and one closing operation, to extract
structural information. For example, a disk-shaped SE
with a size of pixels was used to construct two
profiles (one opening profile and one closing profile)
through the opening and closing operations, starting with
one spectral component (e.g., ). Thus, the proposed
MPs were constructed through the repeated use of the
closing and opening operations of the SEs with different
shapes and a fixed size. The proposed MPs were then
coupled with spectral features for classification. The
SVM classifier with RBF was adopted, and the para-
meters for SVM with the RBF kernel were obtained
through CV. The Gamma parameter was 0.111, and the
penalty parameter was 100.0.

TABLE I
TRAINING AND TEST SET FOR THE PAVIA UNIVERSITY IMAGE

Fig. 3. False color original image of the university area (channels 60, 27, and 17
for RGB, respectively) and the ground reference samples.
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In view of the above-mentioned parameter settings, the
proposed MPs were evaluated and compared to other ap-
proaches. Class-specific accuracies for different approaches
are listed in Table II, and the visual classification maps are
shown in Fig. 4. The spectral feature coupled with the proposed
MPs exhibited an overall accuracy (OA) of 84.9%, an average
accuracy (AA) of 83.6%, and a kappa coefficient (Ka) of 0.799.
As demonstrated in Table II, these accuracies were higher than
the ones obtained with the use of spectral features only, which
had an OA of 67.6%, an AA of 70.0%, and a Ka of 0.58.
Compared with PSI and GLCM, the proposed MPs also ex-
hibited superior OA, AA, and Ka. The best classification rates
for Meadows, Gravel, and Bitumen were achieved through the
proposed MPs. These elements (Meadows, Gravel, and Bitu-
men) typically have ambiguous and uncertain shapes in HSR
images. However, the proposed MPs improved the probability
of the “SE hitting the shapes in the image” because of the greater
number of different shapes of SEs. Furthermore, the proposed
MPs achieved an OA and Ka that are similar to those from
EMPs suggested in [12].

The experimental results showed that the proposed MPs are
effective for structural information extraction. In comparison
with PSI and GLCM, the proposed MPs can increase the

classification accuracies of OA, AA, and Ka. In addition, the
proposed MPs can obtain similar accuracies with EMPs sug-
gested in [12]. Fig. 4 shows the classification map of each
method. As shown in Fig. 4, the pure spectral feature cannot
effectively discriminate between spectrally similar objects such
as Meadows and Trees.

B. Experiment 2: IKONOS Panchromatic Image From
Reykjavik, Iceland

An IKONOS image from Reykjavik, Iceland, was used in this
experiment to illustrate the use of the proposed approach for
panchromatic images. The IKONOS image is a high-resolution
panchromatic image with a spectral coverage from 0.45 to

μ . Six classes were considered in this case: small
buildings, open areas, shadows, large buildings, streets, and
residential lawns. The IKONOS image had pixels,
with a 1.0-m spatial resolution. The original data and the
available ground reference data are shown in Fig. 5.

The training samples were selected randomly. The training and
test pixels in each class are detailed in Table III, and the available
reference data are shown in Fig. 5. In addition, the parameters in
this experiment were set as follows: was 20, was 50, and
the of the PSIwas 20.GLCMwas computed using a pixel
window. The shape family of the SE for the proposed MPs
is , with a fixed
size of pixels. For the “disk” shape, the SE of the EMPs
increased from 2 to 8. Finally, the parameters of the SVMwith the
RBF kernels were optimized through CV.

The class-specific accuracies are shown in Table IV, and the
visual classification maps are shown in Fig. 6. Here, as opposed

TABLE II
CLASS-SPECIFIC ACCURACIES (%) FOR DIFFERENT FEATURE SETS IN SVM CLASSIFI-

CATION OF THE PAVIA UNIVERSITY IMAGE

Fig. 4. Classification maps obtained for different feature types of the Pavia
University image: (a) spectral feature only; (b) PSI feature; (c) GLCM (mean,
variance, homogeneity, and correlation); (d) EMPs suggested in [12]; and (e) the
proposed MPs.

Fig. 5. IKONOS panchromatic image fromReykjavik, Iceland, and the available
ground reference samples.

TABLE III
TRAINING AND TEST SAMPLES FOR THE IKONOS REYKJAVIK IMAGE
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to the previous experiment, we do not consider the EMPs for
comparison because the data are panchromatic. Therefore, the
proposed approach is compared with the original MPs that were
proposed for panchromatic images. TheMP approach proposed
here obtained the highest accuracies for most classes and
acquired the highest accuracies for all methods in terms of
OA, AA, and Ka. Therefore, the proposed MPs can exploit the
rich spatial and structural information in HSR images and are
suitable for classifying HSR panchromatic data.

C. Experiment 3: ROSIS-03 Pavia Center Image

The false color image of the data is shown in Fig. 7(a), with
channels 60, 27, and 17 for red, green, and blue, respectively. The
Pavia Center image was originally pixels. A 381
pixel-wide black strip was processed, resulting in a “two-part”

pixel image. The ground reference map is shown in
Fig. 7(b). For the classification, nine classes were defined: water,
trees, meadows, bricks, soil, asphalt, bitumen, tiles, and sha-
dows. In addition, the training and test samples are detailed in
Table V.

To verify that the proposedMPs are robust in classification of
HSR images, the performance of the proposed MPs and the
previously proposed EMPs [12] were compared with different
levels of noise for the HSR image from the Pavia Center. The

top three components ( ) that accounted for around 99.12%
of the total variance of the entire HSR image were used as basic
images for the MPs. A false color composite image of the Pavia
Center data is shown in the top left corner of Fig. 9 ( for red,

for green, and for blue). These ( ) were considered
as input features for noise simulations and classification. The
principle of determining parameters in this experiment was the
same as that in experiment 1 (Pavia University): was 50,
was 100, and the for PSI was 20. GLCM was defined by a

TABLE IV
CLASS-SPECIFIC ACCURACIES (%) FOR DIFFERENT FEATURE SETS IN SVM CLASSIFI-

CATION OF THE IKONOS DATA FROM REYKJAVIK

Fig. 6. Classification maps obtained through the SVM classification of the
IKONOS panchromatic image fromReykjavik, Iceland: (a) spectral feature only;
(b) PSI feature; (c) GLCM (mean, variance, homogeneity, and correlation); (d)
conventional MPs suggested in [12]; and (e) the proposed MPs.

Fig. 7. (a) False color original image of the Pavia Center and (b) the available
ground reference samples.

Fig. 8. (a) Classification maps obtained by SVM classification of (a) spectral
feature only; (b) PSI feature; (c) GLCM (mean, variance, homogeneity, and
correlation); (d) EMPs suggested in [12]; and (e) the MPs proposed in this paper.

TABLE V
TRAINING AND TEST SAMPLES FOR THE PAVIA CENTER IMAGE
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window; EMPs was computed by the disk SEs with the
sizes from 2 to 8; and the parameter of SVMwith RBF used for
each classification was optimized through CV. Based on these
parameters’ setting, the visual classification maps for Pavia
Centre University are shown in the Fig. 8.

In addition, the false color image was corrupted by “salt-
and-pepper” noise with different densities in noise simula-
tions. The salt-and-pepper noise in the image is represented by
randomly occurring white and black pixels. In remote sensing
applications, salt-and-pepper noise creeps into images in situa-
tions where quick transitions, such as faulty switching, occur.
The salt-and-pepper noise in this experiment affected approxi-
mately pixels, where is the number of
pixels in image , and the noise is distributed randomly over the
image .

The accuracies of each class are compared in Table VI.
It can be observed that the proposed MPs obtained the highest
accuracies in terms of OA, AA, and Ka, i.e., when compared to
using the spectral feature alone, PSI and GLCM. The proposed
MPs and the previously proposed EMPs obtained similar accu-
racies for all the information classes based on the same training
and test samples, and the 3- were uncorrupted by salt-and-
pepper noise. However, when the 3- were corrupted by

salt-and-pepper noise, the proposed MPs obtained higher
accuracies than the previously proposed EMPs. A quantitative
comparison is presented in Table VII, which shows that the
accuracies of the previously suggested EMPs and the proposed
MPs decrease when the noise density increases, as shown in
Figs. 9 and 10. However, classification accuracies based on the
proposed MPs are higher than those of EMPs at the same noise
density. Comparisons among the visual results indicate that the
proposed MPs present a better classification map than the EMPs
with an increasing level of noise, as shown in Fig. 11.

The adaptability of the proposed approach was tested by using
a Neural Net (NN) classifier based on the backpropogation
scheme and compare it with the performance of the previously
obtained classification accuracies of the SVM classifier for the
three images (Pavia University, IKONOS panchromatic Rey-
kjavik, and Pavia Center). The same final features are used to
feed the NN and the SVM in the previous experiments. The
results are shown as Table VIII. Based on the results, It can be
determined that the structuring feature extracted by the proposed
approach achieves high classification accuracies regardless
whether the NN or the SVM are used for classification. The
SVM classifier outperformed the NN classifier in terms of
accuracies for the three images (Pavia University, IKONOS
panchromatic Reykjavik, and Pavia Center).

The results mentioned above show that the proposed MPs are
not only effective as a structure extraction approach for HSR
data, which can complement the spectral features to enhance the
classification accuracy, but the proposed approach also performs
better than EMPs [12] in terms of classification accuracies when
noise levels are increased.

Fig. 9. Pavia Center data: relationship between the OA and the noise density ( )
for the EMPs and the proposed MPs.

TABLE VI
CLASS-SPECIFIC ACCURACIES (%) FOR DIFFERENT FEATURE SETS IN THE SVM

CLASSIFICATION OF THE PAVIA CENTER DATA

TABLE VII
COMPARISON OF THE CLASSIFICATION ACCURACIES BETWEEN EMPS AND THE PRO-

POSED MPS WITH DIFFERENT LEVELS OF NOISE IN THE PAVIA CENTER DATA

Fig. 10. Pavia Center data: relationship between the kappa coefficient and the
noise density ( ) for the EMPs and the proposed MPs.
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V. CONCLUSION

Anovel approach,which is an extension of the originalMPs, is
proposed in this paper for the classification of HSR images. This
approach was applied in three experiments using two ROSIS-03

hyperspectral images and an IKONOS panchromatic image. The
results were then compared with those from other approaches
that used other spatial feature extraction techniques, including
the previously proposedMPs. The SVM classifier was used in all
cases for classification. In summary, the results of the experi-
ments revealed the following.

1) The proposedMPs,whichwere based onSEswithmultiple
shapes, are effective for the extraction of structural infor-
mation from HSR images. The experimental results show
that the approach, when coupledwith spectral information,
is well suited for the classification of HSR data.

2) The proposed MPs perform better than the previously
proposed EMPs [12] in terms of classification accuracies
with increased levels of noise. MPs constructed by SEs
with multiple shapes are less sensitive to salt-and-pepper
noise than those that are constructed by SEs with fixed
shapes but increasing sizes.

As a topic of future research, another possible approach
(multiple SEs with multiple sizes) can also be considered. In
theory, the advantage of such an approachmay bemore effective
than that of the proposed approach (multiple SEs with fixed size)
for structure extraction. On the other hand, the drawback of such
an approachwould be the difficulty to decide the best size and the
best shape of each SE.
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