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An Automated Method to Parameterize Segmentation
Scale by Enhancing Intrasegment Homogeneity

and Intersegment Heterogeneity
Jian Yang, Student Member, IEEE, Yuhong He, and Qihao Weng, Member, IEEE

Abstract—Image segmentation is a key step in geographic
object-based image analysis. Numerous segmentation techniques,
e.g., watershed segmentation, mean-shift segmentation, and frac-
tal net evolution algorithm, have been proposed and applied for
various types of image analysis tasks. The majority of the segmen-
tation algorithms require a user-defined parameter, namely, the
scale parameter, to control the sizes of segments, yet the automa-
tion of the scale parameter remains a great challenge. Over the
past few years, several automated parameterization methods, such
as the estimation of scale parameters (ESP) tool, have been devel-
oped. However, few of the existing methods are able to enhance
both intrasegment homogeneity and intersegment heterogeneity.
In this letter, we proposed an energy function method that aimed
at enhancing the characteristics of intrasegment homogeneity and
intersegment heterogeneity, simultaneously, to identify the opti-
mal segmentation scale for image segmentation. The intersegment
heterogeneity was calculated as the weighted gradient from a seg-
ment to its neighbors by spectral angle, whereas the intrasegment
homogeneity was quantified by the mean spectral angle within a
segment. The performance of the proposed method was evaluated
by applying it to a WorldView-2 multispectral image of Toronto,
Canada, and comparing it with the local-peak-based method,
which considered only the intrasegment homogeneity of an image.
The scale parameter identified by the proposed method can bet-
ter characterize the reference geo-objects over the entire image.
The accuracy assessment result shows that the proposed method
outperformed the existing technique by reducing the discrepancy
by 17.9%.

Index Terms—Automated parameterization, geographic object-
based image analysis (GEOBIA), image segmentation, urban
areas, WorldView-2.

I. INTRODUCTION

G EOGRAPHIC object-based image analysis (GEOBIA) is
an emerging and evolving paradigm in the discipline of

remote sensing [1]. With the increasing availability of very
high spatial resolution images, it has attracted growing attention
for many remote sensing applications over the past decade. In
the workflow of GEOBIA, image segmentation is commonly
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believed to be the initial and most important procedure to im-
pact the subsequent processing necessary for image exploitation
and interpretation. A myriad of segmentation algorithms have
been proposed, such as mean-shift segmentation [1]–[3], fractal
net evolution approach [4], [5], and watershed segmentation
[6]–[9]. In the aforementioned segmentation methods, the most
important user-defined parameter, usually called the scale pa-
rameter, is used for controlling the intrasegment homogeneity
and the intersegment heterogeneity, as well as the sizes of
segments. However, automated optimal scale parameterization
is still challenging and problematic due to the complexity of
geo-objects.

Presently, only a limited number of studies have devel-
oped automated methods for optimal scale parameter selection
[10]–[16]. In lieu of the supervised methods, the automated
optimal scale parameterization is completely expert knowledge
independent without needing to manually digitize reference
polygons. Specifically, [15] introduced the average local vari-
ance of the geo-objects in all of the layers to measure the intra-
segment homogeneity and to stop the iterations at the best scale
parameter by implementing a three-level hierarchy concept.
Moreover, [16] proposed a multiband approach to select the ap-
propriate scale parameters for multiscale image segmentation.
The spectral angle was calculated for quantifying intrasegment
homogeneity, and multiple appropriate scale parameters were
identified based on the magnitudes of local peaks (LPs) in the
curve of the derivative of global mean spectral angle.

Ideally, an optimal scale parameter is able to simultaneously
enhance intrasegment homogeneity and intersegment hetero-
geneity for the entire image. Although [15] and [16] were able
to make full use of multiple spectral bands, these methods ig-
nored the importance of intersegment heterogeneity. This letter
addressed this issue by proposing a new energy function by
enhancing intrasegment homogeneity and intersegment hetero-
geneity simultaneously. Building on the work of [16], this study
selected the optimal scale parameter at the largest value of LP
index in the curve of the derivative of global energy function,
rather than mean spectral angle. In order to demonstrate the im-
portance of intersegment heterogeneity on segmentation scale
parameterization, the segmentation results optimized using the
proposed energy function were visually and quantitatively com-
pared with those optimized using the intrasegment homogene-
ity. The remainder of this letter is organized as follows. In the
second section, details of the developed method for optimal
scale parameter selection are described. The third and fourth
sections demonstrate the comparative results and discussion,
respectively. The main conclusions are drawn in the last section.

1545-598X © 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
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II. METHODS

Here, we first introduced an energy function for quantifying
both intrasegment homogeneity and intersegment heterogene-
ity. The LP-based method [16] was thereafter applied to the
energy function and further used to select the optimal scale
parameter. At the end, we modified the previously proposed
discrepancy measure i.e., (Euclidean Distance 3, (ED3) [16])
for segmentation evaluation.

A. Energy Function for Enhancing Intrasegment Homogeneity
and Intersegment Heterogeneity

It was validated by [16] that the multiband-based metric
(i.e., mean spectral angle) was more effective to measure in-
trasegment homogeneity than the single-band based metric (i.e.,
standard deviation). Specifically, the mean spectral angle of a
segment θMEAN was defined by the expression given in

θMEAN =
1

I

∑
a,b∈P

cos−1

⎛
⎜⎜⎜⎜⎝

J∑
j=1

ajbj√
J∑

j=1

a2j
J∑

j=1

b2j

⎞
⎟⎟⎟⎟⎠ (1)

where a and b are any pair of two pixels within a segment; J is
the number of spectral bands; and aj and bj are the reflectance
spectra component j of a and b, respectively. P is the set of all
the pairs of two pixels in this segment, and I is the number
of elements in the set P . Moreover, the global indicator of
intrasegment homogeneity ΘMEAN was produced by

ΘMEAN =
1

Ω

Ω∑
k=1

θMEAN(k) (2)

whereθMEAN(k)denotes the mean spectral angle of the segment
k, and Ω denotes the number of segments over the entire image.

Intersegment heterogeneity also needs to be taken into ac-
count for characterizing the fitness of the segments for matching
geo-objects over scale parameter. Thus, an energy function,
i.e., e, was designed by this study to achieve the goal that
both intrasegment homogeneity and intersegment heterogeneity
were simultaneously considered and enhanced, as given by

e =
θMEAN

∑
SN∈NSS

wSN cos−1

⎛
⎜⎜⎜⎜⎝

J∑
j=1

Sj SNj√
J∑

j=1

Sj
2

J∑
j=1

SNj
2

⎞
⎟⎟⎟⎟⎠

(3)

where S represents a given segment, whereas SN represents
a neighboring segment of S. Sj and SNj represent the mean
spectra component j within S and SN . NSS represents neigh-
boring segments of S. In particular, wSN is the weight of SN ,
which impacts intersegment heterogeneity of S and can be
derived using

wSN =
lb(SN)

lb(S)
(4)

where lb(S) is the boundary length of segment S, and lb(SN) is
the common boundary length of S and one of its neighboring
segments SN . It can be noted that the numerator of (3) denotes

intrasegment homogeneity for S, whereas the denominator is a
gradient measure of its neighboring segments to represent inter-
segment heterogeneity. Since the size of a segment determines
the importance over the entire image, this study improved the
global indicator, i.e., E, through the consideration of area-based
weight, i.e., w, as given by

E =

Ω∑
k=1

w · e(k) (5)

where e(k) is the energy function of the segment k, and w is
calculated by the area of segment k divided by the area of entire
image.

B. LP-Based Optimal Scale Parameterization

Ideally, the segment boundaries are retained in segmenta-
tion at a few subsequent scale parameters when the segments
completely match the corresponding geo-objects [13], that is,
the boundaries of geo-objects are exactly delineated by the
segmentation. At this scale parameter, the tendencies of E and
ΘMEAN abruptly become rather flat, which enables the genera-
tion of an LP in the curves of the derivatives of E and ΘMEAN

over the scale parameter [16]. Thus, the LP was considered as
the signal for optimal scale parameterization [16], and the LP
magnitude, i.e., ILP, was defined by

ILP =
(
Ḣ(l)− Ḣ(l +Δl)

)
+
(
Ḣ(l)− Ḣ(l −Δl)

)
Ḣ(l)− Ḣ(l +Δl) > 0 and Ḣ(l)− Ḣ(l −Δl) > 0

Ḣ(l) =
H(l)−H(l −Δl)

Δl
(6)

where H(l) denotes the metric of E or ΘMEAN at scale
parameter l, and Δl denotes the interval of scale parameter.
Specifically, the largest value of ILP represents the optimal
scale parameter. In this letter, the proposed energy function
E and the mean spectral angle ΘMEAN were adopted for ILP
calculation, respectively.

C. Segmentation Evaluation

The quality of segmentation was validated by visual inter-
pretation and discrepancy measurement, of which the latter
was proven effective as a quantitative assessment [17]. ED3
was recently proposed by [16] for incorporating geometric
and arithmetic discrepancy measures, which outperformed the
other new metric [i.e., Euclidean Distance 2 (ED2)] [18]. When
a reference polygon corresponds to more than one segment,
however, it can contribute more to ED3 than other polygons that
only correspond to one segment. In order to ensure the equal
weight for all of the reference polygons, we modified ED3 as
given by

ED3Modified =
1

I

I∑
i=1

×

⎛
⎜⎜⎝1

Ji

Ji∑
j=1

√√√√(
1− Area(ri∩sj)

Area(ri)

)2

+
(
1− Area(ri∩sj)

Area(sj)

)2

2

⎞
⎟⎟⎠ (7)

where ri is a reference polygon, and I is the number of
reference polygons, whereas sj is a corresponding segment for
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Fig. 1. False color composite of the WorldView-2 multispectral image with
the near-infrared 1, red, and green bands displayed as red, green, and blue,
respectively. The subset of the study area is under WGS84 UTM coordinate
system.

reference polygon i, and Ji is the number of its corresponding
segments. This modified equation has two advantages over
previous methods: a candidate segment will be labeled as the
corresponding segment of a reference polygon only when the
overlapping area is over 50% of either the reference polygon
or the candidate segment [16], [18], and the modified ED3 is a
normalized index between zero and one, and a lower value of
ED3Modified indicates a higher segmentation quality.

III. EXPERIMENTAL RESULTS

A. Study Area and Experimental Image

The study area was located in the downtown of Greater
Toronto Area, which is a metropolitan area in Ontario, Canada.
It is a typical urban area, characterized by a complex mosaic
of different land cover types, including street trees, grass, and
many high-rise buildings. A WorldView-2 multispectral image
was collected on June 2, 2011, containing eight spectral bands
(i.e., coastal, blue, green, yellow, red, red edge, near-infrared 1,
and near-infrared 2) with a resolution of 2 m. In this letter, a 2 ×
2 km subset (see Fig. 1) was used to examine the performance
of the proposed automated optimal scale parameterization.

B. Optimal Scale Parameterization

Multiresolution segmentation [5], a popular segmentation
algorithm of the eCognition software (citation), was utilized
to produce image segments using different scale parameters
in this study. The segmentation was implemented at the scale
parameter with a range from 20 to 120, whereas the other two
parameters were fixed to the default values (i.e., color: 0.1;
compactness: 0.5). The range of scale parameter was selected
by taking into account the sizes of geo-objects in the exper-
imental image. The global energy function E and the mean

Fig. 2. (a) E, (b) ΘMEAN, and the (c) and (d) corresponding ILP values
versus scale parameter.

spectral angle ΘMEAN were calculated using (5) and (2), re-
spectively. When the scale parameter increases from 20 to 120,
we found that the E value increases from 0.69 to 1.09 [see
Fig. 2(a)], whereas the ΘMEAN value increases from 5.94 to
10.50 [see Fig. 2(b)]. Compared with the ΘMEAN curve [see
Fig. 2(b)], there are more flat terraces in the E curve [see
Fig. 2(a)]. This demonstrates that the proposed energy function
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Fig. 3. Subset of the segmentation results at the scale parameter of (a) 100 and
(b) 119, respectively.

E is able to produce more obvious LPs in the derivative curve
and is more suitable for selecting the optimal scale parameter.

In order to further compare the two metrics, we calculated
the values of ILP for the scale parameters with the interval
(Δl) of one. When Δl is equal to one, the largest value of ILP
for E is 0.0173 at the scale parameter of 100 [see Fig. 2(c)],
whereas the largest value of ILP for ΘMEAN is 0.0673 at
the scale parameter of 119 [see Fig. 2(d)]. In other words,
the optimal scale parameters are determined to be 100 and
119 by the proposed energy function and mean spectral angle,
respectively. Next, we will test which one is better through
accuracy assessment.

C. Accuracy Assessment: Visual Interpretation and
Quantitative Evaluation

To investigate and compare the performance of the pro-
posed energy function E and the mean spectral angle ΘMEAN

for optimal segmentation scale parameterization, we manually
digitized 100 reference polygons for different types and sizes
of geo-objects, including impervious rooftops, vegetation, and
shadows (blue polygons in Fig. 1).

For visual interpretation, a subset of the segmentation results
of the preceding two optimized scale parameters is depicted
in Fig. 3. For most of the vegetation and rooftop geo-objects,
the segmentation results at the scale parameter identified by
the proposed energy function (i.e., 100) outperform those at the
scale parameter selected by the mean spectral angle (i.e., 119)
because the segments at the scale parameter of 100 recognize
the real geo-objects better [e.g., a, b, c, and d in Fig. 3(a)].
In contrast, the undersegmented vegetation [e.g., a and b in

TABLE I
DISCREPANCY MEASURE OF ED3Modified FOR SEGMENTATION

EVALUATION AT THE SCALE PARAMETERS OF 100 AND 119

Fig. 3(b)] and rooftops [e.g., c and d in Fig. 3(b)] always
exist at the scale parameter of 119. However, both of the scale
parameters produce the same segmentation results for shaded
geo-objects [see e in Fig. 3(a) and (b)]. This is probably due
to their distinct spectral features and clear boundaries to the
neighboring geo-objects.

Following the visual interpretation, the modified ED3 was
calculated for the segmentation results at the scale parameters
of 100 and 119. We can observe from Table I that the value
of ED3Modified at the scale parameter of 100 (0.2462) is much
lower than that at the scale parameter of 119 (0.4251). The
modified ED3 provides results consistent with the visually
interpreted ones because there are much more undersegmented
geo-objects in the latter segmentation. In summary, both visual
inspection and quantitative evaluation demonstrate that the LP-
based method using the proposed energy function is more
appropriate for optimal segmentation scale parameterization
than using the mean spectral angle.

IV. DISCUSSION

In this letter, the proposed method optimized the segmen-
tation result with a focus on the scale parameterization, the
most important process for the characterization of the real geo-
objects. It is worth noting that “scale parameterization” is not
only referring to the optimization of the “scale” parameter, but
a generalized definition of the parameter that controls the sizes
of image segments. We have to keep in mind that this parameter
is named differently in different segmentation algorithms. For
instance, it is defined as the “scale” parameter by the multireso-
lution segmentation that was employed in this study, whereas
it is named as the “threshold” parameter in the BerkeleyIm-
ageSeg software [19] and as the “scale level” parameter in the
edge-based watershed algorithm [20] implemented in ENVI
software. In the process of each segmentation algorithm, the
sizes of segments are adjusted by increasing or decreasing the
corresponding parameter. The proposed scale parameterization
method is thus believed transferable when employing different
algorithms to segment images for different types of landscapes
(e.g., urban, forest, agricultural land, and wetland).

Regardless of visual inspection (i.e., trial and error), scale
parameterization is categorized into the following: supervised
(i.e., semiautomated) and unsupervised (i.e., automated) meth-
ods. The supervised method involves comparing image seg-
ments with reference geo-objects that were manually delineated
by the user, whereas the unsupervised method involves scoring
and ranking multiple segmentation results without the need
for reference digitization. The supervised scale parameteriza-
tion method has obvious advantage because it could provide
satisfactory characterization of geo-objects from the perspec-
tive of human interpretation. However, it is too labor intensive
and subjective for the user to manually digitize a large num-
ber of representative geo-objects. The proposed unsupervised
method overcomes the preceding limitations and is able to make
the scale parameterization more efficient and objective.
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As aforementioned, segmentation results impact the follow-
up image exploitation and interpretation, mainly geo-object
recognition and image classification. It is quite understandable
that higher segmentation quality would improve classification
accuracy; however, the relationship between segmentation qual-
ity and classification accuracy is not always intuitive. As an
example, oversegmentation would not negatively affect the
accuracy of a classification map as long as the spectral features
are distinct. In fact, oversegmentation may lead to a better
classification because it helps classify smaller patches of land
covers. In essence, however, the objective of image segmenta-
tion is to recognize real geo-objects rather than classification.
When segmenting a forested image, for instance, we are first
interested in the shapes and sizes of geo-objects (i.e., tree
crowns), thereafter the species for each tree crown. In other
words, image segmentation aims at geo-object recognition, thus
should be independent upon classification.

V. CONCLUSION

In this letter, we have proposed a new energy function
to simultaneously enhance the characteristics of intrasegment
homogeneity and intersegment heterogeneity and incorporated
the LP-based method for automated optimal scale parameter-
ization. Additionally, a newly proposed discrepancy measure,
ED3, was modified to quantitatively evaluate image segmenta-
tion. The effectiveness of the proposed method was examined
by conducting an experiment with a multispectral WorldView-
2 image of Toronto, Canada, and compared, visually and
quantitatively, with the mean spectral angle that considered
only intrasegment homogeneity. The results indicated that the
proposed method provided a more suitable indicator for quan-
tifying the fitness of matching segments with geo-objects.

By implementing the LP-based optimal scale parameteri-
zation, the advantages of the proposed energy function over
the mean spectral angle were observed, because the energy
function considered both intrasegment homogeneity and in-
tersegment heterogeneity. Previous studies employed various
metrics of intrasegment homogeneity for automated optimal
scale parameterization, whereas this study demonstrated that
the importance of intersegment heterogeneity should not be
ignored. Studies [10] and [14] used the index of Moran’s I for
measuring intersegment heterogeneity; however, their parame-
terization principles were different from the LP-based method
utilized in this letter. Compared with Moran’s I, the gradient
measure improved the process mainly in the following two
aspects. First, the proposed gradient measure made full use of
multiple spectral bands to measure intersegment heterogeneity,
whereas Moran’s I was a single-band measure. Meanwhile, it
required extra preprocessing to select a suitable spectral band
for analysis with the Moran’s I method. Second, Moran’s I
computed intersegment heterogeneity not only for neighboring
segments but also for those within a specific distance, leading
to a more time consuming process. In the future, it would be
beneficial to explore the relationship between the LP magnitude
and the segmentation accuracy with more experimental images
of diverse landscapes.
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