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a b s t r a c t

Image segmentation is a key and prerequisite step for object-based analysis of very high resolution (VHR)
imagery. Most existing image segmentation methods use either spectral or spatial information of an
image alone. A novel image segmentation method for VHR multispectral images using combined spectral
and morphological information is proposed in this paper. The method can be summarized as follows.
First, a morphological derivative profile is calculated from an original multispectral image and combined
with the spectral bands to quantify spectral-morphological characteristics of a pixel, which are consid-
ered as a criterion of homogeneity of neighboring pixels. Image segmentation is then conducted using
a seeded region-growing procedure, which is based on the seed points automatically generated from
the gradient image and dynamically added and the similarity between a seed pixel and its neighboring
pixels in terms of spectral-morphological characteristics. The obtained segmentation result is further
refined by a region merging procedure to generate a final segmentation result. The proposed method
is evaluated using three VHR images of urban and suburban areas and compared with two existing seg-
mentation methods, in terms of visual inspection, quantitative evaluation and indirect evaluation. Exper-
imental results demonstrate that the joint use of spectral and morphological information outperformed
the use of morphological information alone. Furthermore, the proposed image segmentation method per-
formed better than existing methods. The proposed image segmentation method is well applicable to the
segmentation of VHR imagery over urban and suburban areas.
� 2014 International Society for Photogrammetry and Remote Sensing, Inc. (ISPRS). Published by Elsevier

B.V. All rights reserved.

1. Introduction

Commercial very high resolution (VHR) images, such as those
taken by IKONOS, Quickbird, GeoEye-1 and Worldview-2 satellites,
have been increasingly used in diverse applications, in particular in
urban applications, such as land cover classification, object recog-
nition, and urban disaster damage assessment (Walker and
Briggs, 2007; Durieux et al., 2008; Turker and Sumer, 2008; Li
et al., 2011). The increasing availability of VHR data has resulted
in the need for more sophisticated image processing and analysis
methods. Many studies have showed that, compared with tradi-
tional pixel-based methods, object-based methods are more suit-
able for VHR image processing and analysis (e.g. Baatz and
Schäpe, 2000; Laliberte et al., 2004; Benz et al., 2004; Blaschke,
2010). Furthermore, the Geographic Object Based Image Analysis
(GEOBIA) framework has been presented and is considered a new

paradigm in remote sensing and geographic information science
(GIScience) (Hay and Castilla, 2008; Blaschke et al., 2014).

Image segmentation is a prerequisite and decisive step for
object-based image analysis (or GEOBIA). The image objects or seg-
ments produced by image segmentation form the basis or informa-
tion carrier for subsequent processing steps (Trias-Sanz et al.,
2008), such as object-based image classification. Therefore, the
quality of image segmentation directly affects the quality of subse-
quent object-based image analysis and applications (Neubert and
Meinel, 2003; Witharana et al., 2014), and the exploration of new
and sophisticated image segmentation methods has been a focus
of VHR image processing and analysis (Wang et al., 2010).

Image segmentation involves the partitioning of a given image
into a number of homogeneous regions according to a given crite-
rion (Fan et al., 2005). It can also be considered as a pixel labeling
process in the sense that all pixels that belong to the same homo-
geneous region are assigned the same label (Haris et al., 1998).
There are primarily four approaches to image segmentation,
namely the thresholding technique, edge-based methods,
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region-based methods and hybrid methods that combine edge and
region criteria (Adams and Bischof, 1994; Shih and Cheng, 2005).
Edge-based methods and region-based methods are two com-
monly used image segmentation strategies for remote sensing
(Carleer et al., 2005). Edge-based methods employ the postulate
that values of neighboring pixels, such as intensity, color and tex-
ture, change rapidly in the boundary between two regions (Adams
and Bischof, 1994). However, edge-based methods are sensitive to
noise or texture in the images and prone to produce over-segmen-
tation in textured regions, thus are more effective in the detection
of homogeneous and contrasting objects (Janssen and Molenaar,
1995). Region-based methods rely on the assumption that neigh-
boring pixels within one region have similar values (e.g., intensity,
color and texture). This leads to a class of algorithms known as
region growing algorithms. The general procedure of region grow-
ing methods is to compare one pixel with its neighbor(s). If a crite-
rion of homogeneity is satisfied, the pixel is considered to belong to
the same class as one or more of its neighbors (Adams and Bischof,
1994). Since region-based methods are less sensitive to texture,
which is an advantage in the segmentation of VHR images
(Pesaresi and Benediktsson, 2001; Carleer et al., 2005; Witharana
and Civco, 2014), various region-based methods have been pro-
posed and widely used in analyzing VHR images, e.g., multi-resolu-
tion segmentation (MRS) in eCognition (Baatz and Schäpe, 2000;
Benz et al., 2004) and SPRING (Câmara et al., 1996).

Seeded region growing (SRG) is one type of region-based meth-
ods, proposed by Adams and Bischof (1994). It starts with selected
seeds, and grows regions by merging a pixel into its neighboring
seed region according to a homogeneity criterion. The SRG method
is a robust and rapid segmentation method. It is attractive for
image segmentation because it involves high-level knowledge of
image components in the seed selection procedure (Adams and
Bischof, 1994). However, the SRG method suffers from the prob-
lems of automatic seed generation and pixel sorting orders for
labeling (Mehnert and Jackway, 1997; Fan et al., 2005). Some
improved methods have been proposed (Mehnert and Jackway,
1997; Fan et al., 2005; Shih and Cheng, 2005).

A literature survey showed that most existing region-based seg-
mentation methods for remote sensing images are based on merg-
ing neighboring pixels according to user-defined thresholds of
their spectral similarity; i.e., spectral information is used alone
(Woodcock and Harward, 1992; Lee and Lee, 2010; Bilgin et al.,
2011). However, most currently available VHR images have limited
spectral resolution. Objects with similar spectral characteristics
(e.g. neighboring building and street in urban area) may not be
well separated using spectral information alone. Therefore, there
has been increasing interest in using spatial information from
imagery, such as textural, structural and shape information
(Soltanian-Zadeh et al., 2004; Silva and Bigg, 2004), which is abun-
dant in VHR images. However, only few studies have effectively
combined spectral and spatial information in region-based image
segmentation (Segl et al., 2003; Akcay and Aksoy, 2008), e.g. the
MRS method in eCognition (Benz et al., 2004).

In a related study, structural information quantified by a mor-
phological profile was exploited and used in the segmentation of
high-resolution images (Pesaresi and Benediktsson, 2001). Applica-
tion of the method produced promising segmentation results for
high-resolution images over urban areas. The morphological pro-
file has also been used to express and extract relevant structures
from VHR images ever since (e.g. Jin and Davis, 2005; Chini et al.,
2009; Huang and Zhang, 2012). However, there are some problems
with the method. First, the method (Pesaresi and Benediktsson,
2001) segments the image according to the scale size at which
the derivative morphological profile (DMP) of a pixel reaches its
maximum, considering this reflects the overall structural informa-
tion. However, the assumption that all pixels in a structure (region

or segment) have only one significant derivative maximum occur-
ring at the same scale (Pesaresi and Benediktsson, 2001) often does
not hold for VHR images (Akcay and Aksoy, 2008). In more com-
plex environments, it is possible that some structures may have
more than one significant derivative maximum (Pesaresi and
Benediktsson, 2001). Second, the segmentation decision is made
without considering spectral information. Two objects with similar
morphological features but different spectral features may be seg-
mented into a region (i.e. under-segmentation) using this method.
Although some improvements of the method (Pesaresi and
Benediktsson, 2001) have been proposed, few studies have effec-
tively combined spectral and morphological information in the
segmentation of VHR images (Akcay and Aksoy, 2008). Third, the
method was initially proposed for panchromatic images. When
used in the segmentation of a multispectral or hyperspectral
image, feature extraction methods (e.g. principal component anal-
ysis, PCA) are first employed and a few derived features are then
used to produce morphological profiles and used in segmentation
(Benediktsson et al., 2005; Akcay and Aksoy, 2008). However, in
this way, the information of the non-chosen feature images is lost
and spectral information may not be fully used.

The main objective of this study is to propose a new segmenta-
tion method for VHR multispectral imagery using both spectral and
morphological information. The specific objectives are (1) to pres-
ent an effective method that combines spectral and morphological
information representing pixel characteristics and a measure that
quantifies the spectral and morphological similarity of neighboring
pixels; (2) to propose an SRG method using spectral and morpho-
logical similarity and automatically generated seed points; and (3)
to propose a region merging method that uses spectral and mor-
phological information.

2. Background

In this study, the morphological profile is adopted to quantita-
tively express structural information of VHR imagery (Pesaresi
and Benediktsson, 2001). Specifically, morphological opening and
closing operations with increasing structuring element (SE) sizes
were performed on an image to generate morphological profiles
for each pixel and to model morphological characteristics of pixel
neighborhoods (Serra, 1982; Pesaresi and Benediktsson, 2001).
Each opening or closing operation results in a transformation of
the original image in which those objects smaller than the SE size
are deleted. As a result, opening and closing operations are able to
isolate structures that are brighter and darker than their surround-
ings, respectively. Contrary to opening (respectively, closing),
opening by reconstruction (respectively, closing by reconstruction)
preserves the shape of the structures that are not removed by ero-
sion (respectively, dilation). In other words, using opening by
reconstruction and closing by reconstruction, image structures that
cannot contain the SE are removed while other structures remain
(Akcay and Aksoy, 2008). A vector containing the pixel values in
openings and closings by reconstruction of different scales is called
the morphological profile (Bellens et al., 2008). Morphological pro-
files carry information about the size and shape of objects in the
image. The DMP is a vector that contains the differences between
subsequent values of opening or closing by reconstruction in the
morphological profile. Specifically, the DMP of a pixel x is

DMPðxÞ ¼
Dk : Dck;8k 2 ½1; . . . ;n�
D�k : D/k;8k 2 ½1; . . . ;n�

� �
; ð1Þ

where Dck denotes the opening derivative of scale k of pixel x, D/k

denotes the closing derivative of scale k of pixel x, and n is the
maximum scale of the SE (Pesaresi and Benediktsson, 2001). The
SE scale corresponding to the maximum height in the DMP is
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