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ABSTRACT:

Shape is an important aspect of spatial attributes of land use segments in remotely sensed imagery, but it is still rarely used as a
component in land use classification or image-based land use analysis. This study aims to quantitatively characterize land use classes
using shape metrics. The study is conducted in a case area located in south China, covering twelve scenes of SPOT-5 images. There
were total ten metrics selected for the analysis, namely, Convexity (CONV), Solidity (SOLI), Elongation (ELONG), Roundness
(ROUND), Rectangular Fitting (RECT), Compact (COMP), Form Factor (FORM), Square pixel metric (SqP), Fractal Dimension
(FD), and Shape Index (SI). The last five metrics were used to measure the complexity of shape. Eight land use classes were
investigated in the case area, namely, roads, cultivated lands, settlement places, rivers, ponds, forest and grass lands, reservoirs, and
dams. The results show that all typical shape properties of land use segments can be well measured by shape metrics. We identified
the land use classes whose values are significantly differentiated from most classes for each metric. Two of the five complexity
metrics, FORM and SqP, were identified to be more effective in characterizing the complexity of land use classes. We finally
selected six shape metrics and deduced the “Shape Metric Signatures” (SMS) of different land use classes. SMS can serve as
accurate and predictive discriminators of land use classes within the study area. Our results show that SMS can clearly distinguish
spectrally similar land use classes. The results will help to build a more accurate and intelligent object-oriented classification system
for land use classes.

1. INTRODUCTION particularly important for land use classification, since different

land use classes with similar spectral properties may have

1.1 Instructions distinct spatial characteristics. For example, urban impervious
surfaces and highways exhibit similar spectral responses but
have different shape patterns. Another example is regular-
shaped cultivated lands and irregular-shaped natural grass lands.
Geometric attributes serves as important and specific aspects of
land use patches in remote sensing imagery. But less research

Acquiring land use data from remote sensing images has
become the main approach of monitoring Land use and land-
cover change (LUCC) (Walker and Steven, 1996). LUCC is a
key driver of global change, and has important implications for
environment policy issues (Nunes and Auge 1999; Bauer etal.,  phyg focused on using geometric parameters to quantitatively

1979; Ozesmi and Bauer, 2002; Bauer et al., 2002). Particularly,  characterizing land use segments in image classification (Frohn,
in densely populated and fast-developing countries, timely 2006).

monitoring of LUCC with high-resolution remote sensing
images is becoming more and more import‘ant for the fegul?‘tion images has been used extensively to quantify land use / land-
of accel'erated land use transformatlor}s. .Quantltatlve.ly cover patterns and relate them to ecological or geographical
characterizing the land use classes in imagery Will  rocesses (McGarigal and Marks 1994; Malaviya et al., 2010).
founda.mentally support the land use classification and LUCC The landscape metrics at patch level usually includes shape
analysis. ) . indices. For example, Read and Lam (2002) employed
There have been many studies that have focused on utilizing the Shannon’s diversity index, contagion, and fractal dimension
spatial informatiqn in Femotely s.ensed imagery for land use and gy perimeter-to-area to characterizing land cover types for
lapd-cgver classification .(Lew1s et al.,' 1997; Thakur and  yropics. Salas et al. (2003) used a perimeter-to-area ratio as an
Dikshit, 1997; Narumalani et al. 1998; Ji 2000; Steele 2000; index of misregistration bias in the land cover change detection
Steele apd .Redmond, 20.01;. Herold'et al., 2002). Spatial analysis. Herold et al. (2002) utilized landscape metrics to
information in remote sensing imagery includes aspects such as describe the structures of urban land use classes such as
image texture, contextual information, and geometric attributes commercial areas, high-density residential areas and low-
of featurgs (Narurpalgm et a}. 19?8; Pacifici et al,, 2.009.)' density residential areas. Landscape metrics analysis helps to
Incorporating spatial information with spectral information is  ypderstand the characteristics of landscape classes. But the

Landscape metrics calculated on the basis of per-pixel classified
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findings in landscape analysis usually cannot be directly used
for land use land-cover classification. Because a landscape class
is often a land use and land-cover mix although it has one or
two dominant land use or land-cover classes. These analyses are
mostly based on visually delineated landscape maps from
images.

Image segmentation allows for the creation of homogenous
regions or image objects through region merging or boundary
detection algorithms (Steele, 2000; Stuckens et al., 2000, Benz
et al., 2004; Blaschke, 2010). Shape metrics can be applied to
low level image segments to help classify these objects to land
use categories (Frohn, 2006). Zhou et al. (1995) employed a
shape index to help to discriminate spectrally similar land-cover
classes. Lewis et al. (1997) used shape descriptors such as
eccentricity, elongatedness and complexity in cloud
classification from satellite imagery. Narumalani et al. (1998)
focused on incorporating the geometric attributes of image
objects to resolve some of the spectral confusions that occur
when pure per-pixel classification algorithms are used. They
also pointed out that new methodologies need to be developed
to detect the geometric differences between natural cover and
agricultural fields. Frohn (2006) employed the square pixel
metric (SqP) to distinguish image objects between land-cover
categories that had similar spectral properties but different
shape complexity values, for example, natural pastures and
anthropogenic pastures. Since there are often quite a few
categories in land use classification system, only one or two
shape metrics are insufficient to fully describe their geometric
differences. Many shape metrics have been designed and
utilized in landscape ecology.

There are also various metrics to describe a single shape
characteristic. For example, researchers employed compact
index (Russ, 2002), complexity index (Lewis et al., 1997), SqP
(Frohn, 2006), and fractal dimension (Herold et al., 2002; Read
and Lam, 2002) to characterize the shape complexity of a patch.
Which indices are effective to characterize the land use patches
of different classes? It is necessary to examine the
differentiating ability of the metrics and their application in
characterizing land use segments.

Human imagery interpreters can minimize the confusions in
land use classification because they possess a comprehensive
knowledge of image tone, texture, association, shape, size,
position, and other related characteristics of various land use
classes (Gurney, 1981). Land use parcels are shaped to different
degrees for various purposes, i.e., anthropogenic effects are
reflected on the shape of land use parcels. Consequently,
various land use classes often have specific shape
characteristics. These characteristics compose an important part
of the knowledge of visual interpretation of land use classes.
Compared to land-cover classification, land use classification is
more depended on knowledge because different land-cover
types that are relatively easy to be detected may belong to the
same land use type, and vice versa. For example, ploughed
cultivated fields and crop-covered fields have different land-
cover types but belong to the same land use class, cultivated
land. It has been discussed extensively to utilize spectral and
textural information in computer-aided land use classification.
But shape metrics are not commonly incorporated into the
classification. The possible reason is that it is far from clear to
quantitatively characterize the shape of land use classes.

The purpose of this research was to investigate the
performances of shape metrics as techniques to characterize
land use segments from high-resolution remote sensing image.
Our study identified the shape metrics that can be used to
characterize and discriminate land use classes in a tropical site
in Hainan Island, China. In this paper, data and methodological
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issues are described in section 2. The results and discussions are
presented in section 3. The concluding remarks and future work
are summarized in section 4.

2. DATA AND METHODS
2.1 Study area

The study site is located in Changjiang county, Hainan province,
China. The site is a hilly area covered by twelve SPOT-5
satellite image scenes, encompassing approximately 360 km?,
The site is typical for tropical and semitropical agricultural area
in China, and includes many land use classes, such as crop
planting land, orchard land, forest, grass land, water body,
transportation land, and settlement place.

2.2 Data

The SPOT-5 images of the study area were from 2009. The
vector land use map for 2009 at the scale of 1:10,000 was also
collected for reference from the local bureau of land resource
and environment management. Image segmentation was used to
create land use objects from remote sensing images of study
area. Segmentation clusters image pixels together into land use
objects according to spectral and contextual information
(Benfield et al. 2007; Platt and Rapoza 2008). Image
segmentation mimics human visual interpretation of scenes,
which groups pixels into homogeneous areas as image objects.
Image segmentation of the SPOT-5 images was performed
using ENVI 4.5 software. There are two parameters in the
process, scale level and merge level. The parameters were
chosen by a visually evaluation of the segmentation results. A
higher Scale Level causes fewer segments to be defined, while a
lower Scale Level causes more segments. Merge Level is used
to further delineate the boundaries of features as well as
possible by eliminating over segmentation in the former step.
Finally the following user-defined inputs were used: scale level
of 50 and merge level of 95.

Eight typical land use classes in this area were involved in this
study, namely, cultivated lands, forest and grass lands, rivers,
ponds, reservoirs, dams, roads and settlement places. The
category of cultivated lands includes crop planting fields and
orchard lands. Forest and grass lands are mostly natural areas
covered by forest, shrub, and grass lands. Ponds are small water
bodies usually used for aquiculture. Settlement places include
towns and village settlements.

By referring the land use map and visual interpretation, we
selected image segments as samples for each category of land
use in a stratified random manner. Since settlement places
typically exhibit a spatially heterogeneous land-cover, the
image segments of each settlement sample were highly
fragmented. The adjoining image segments of each settlement
sample were merged into a single polygon to ensure that we can
examine the shape characteristics of a settlement place as a
whole. There are four reservoirs and five dams in the case area
and all of them were included in sample set. Finally there were
total 504 samples collected.

2.3 Shape characteristics of land use segments

Landscape in populated area is heavily influenced by human
activities. An important aspect of anthropogenic effects on
landscape that can be observed on remote sensing images is
shape characteristic of land use patches. Theoretically, the
shape of land use patches is determined by both natural forces
and anthropogenic effects. While in populated area like most



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume I-7, 2012
XXII ISPRS Congress, 25 August — 01 September 2012, Melbourne, Australia

provinces in China, land is developed intensively, and the
anthropogenic effects on the shape of land use patches are
predominant. In the case area, human induced land uses occupy
more than two third of the area. Roads, cultivated lands, and
settlements places are the land uses most influenced by human
activities. The land use patches of these land use classes usually
have specific spatial characteristics. For example, roads are
elongated, and cultivated lands are more regular-shaped. Ponds
and reservoirs are the land uses that are half influenced by
human. Many of these water bodies are used for aquiculture and
water sources for irrigation. Rivers and forests are less
influenced by human, and preserve more natural boundaries.
Typical examples of various land uses are shown in Figure 1.
Cultivated lands and forest and grass lands may both be covered
by vegetation, but their shapes are distinct. Cultivated lands are
often regularly shaped, while forest and grass lands are of with
more complex boundaries. The patches covered by crop plants
and the cultivated lands covered by bare soil may be separated
into different classes when only spectral and textural
information is used. But when shape characteristics and spatial
context are considered, it is confirmed that they are actually the
same class. The impervious surfaces on image may be roads,
settlement places or dams, but they could be separated by shape
characteristics. Similarly, rivers, ponds and reservoirs are all
covered by water but have different shapes.

This study aimed to indentify the shape metrics to describe the
spatial characteristics of different land use categories. The
metrics could be considered as “Landscape Metric Signatures”
(Herold et al., 2002) or “Shape Metric Signatures” for different
land use categories. Particularly, the metrics that quantify the
anthropogenic effects on the shape of land use patches could be
termed as “Anthropogenic Metric Signatures”.

- i

i B
Figure 1 Examples of land use patches on remote sensing image
(a. roads; b. cultivated lands; c. settlement places; d. rivers; e.

ponds; f. forest and grass lands; g. reservoirs; h. dams)
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2.4 Metrics to characterize the shape of land use segments

The shape characteristics of land use segments could be
summarized into two categories. One refers to the basic
geometric characteristics, such as roundness and rectangularity.
The other one represents the indices describing shape
complexity, for example, fractal dimension of polygon.

We employed five metrics to characterizing the basic geometric
characteristics, namely, CONV (CONV), SOLI (SOLI),
Elongation (ELONG), Roundness (ROUND), and Rectangular
Fitting (RECT), see table 1. CONV is a shape measure that
compares the perimeter of the convex hull of a polygon to the
perimeter of the polygon (Russ, 2002). The CONV value for a
convex polygon with no holes is 1.0, while the value for a
concave polygon is less than 1.0. SOLI compares the area of the
polygon to the area of the convex hull surrounding the polygon
(Russ, 2002). The SOLI value for a convex polygon with no

holes is 1.0, and the value for a concave polygon is less than 1.0.

ELONG is the ratio between the length and height of the region
bounding rectangle enclosing the minimum area (Sonka et al.,
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1993; Lewis et al., 1997). The ELONG value for a square is 1.0,
and the value for a polygon whose minimum enclosing
rectangle is not a square is greater than 1.0. ROUND is a shape
measure that compares the area of the polygon to the area of the
minimum circumcircle of the polygon (Russ, 2002). The
ROUND value for a circle is 1, and the value for other shapes is
larger than 1.0. RECT compares the area of a polygon to the
area of the minimum rectangle enclosing the polygon, and
indicates how well the polygon is described by a rectangle. The
RECT value for a rectangle is 1.0, and the value for a non-
rectangular shape is less than 1.0.

There are various shape metrics that have been proposed to
measure shape complexity of polygon. Russ (2002) employed
Compact (COMP) and Form Factor (FORM) to describe
polygon complexity. Lewis et al. (1997) employed a similar
index called Complexity. Complexity and FORM are actually
the same, but FORM is normalized between 0 and 1. Frohn
(1998) proposed a shape complexity measure called SqP .

Fractal Dimension (FD) calculated from perimeter to area ratio
has been used widely in landscape ecology to describe patch
shape complexity. Shape Index (SI) is a simple and
straightforward measure of overall shape complexity, and has
been used widely in landscape ecology (McGarigal and Marks,
1995). McGarigal and Marks (1995) calculated SI on raster
image, and let SI equal patch perimeter (given in number of
cells) divided by the minimum perimeter (given in number of
cells) possible for a maximally compact patch (in a square
raster format) of the corresponding patch area. The five shape
metrics, COMP, FORM, SqP, FD and SI, are all calculated
from area and perimeter of polygons. All of them were used to
represent shape complexity. But they were used separately in
different studies, and the comparison of their effectiveness was
not clear. All of these five metrics will be employed in this
study, and we will investigate whether some of them can be
used to effectively characterize land use segments in image.
The shape metrics used in this study are listed in Table 1.

3. RESULTS AND DISCUSSION
3.1 Shape metrics of land use classes

The shape metrics were calculated based on the samples of
various land use classes using ENVI zoom. The shape metrics
were compared by maximum, mean, and minimum values
(Figure 2-3). Figure 2 shows the comparison of the five metrics
characterizing the basic geometric characteristics of land use
segments, and Figure 3 shows the comparison of the metrics for
shape complexity.

Figure 2 shows that the basic shape metrics provide a clear
representation of the geometric characteristics for the land use
classes. It can be seen that there are some distinct differences
among land use classes.

CONYV and SOLI both describe the CONV of the polygon. The
difference between these two metrics is that CONV uses
perimeter ratio while SOLI uses area ratio to measure the
CONV. A large polygon that seems like convex may has
complex details so that the perimeter can be very large
comparing to the perimeter of its convex hull, thus the CONV
value could be low while the SOLI value is high. Thus the
index of CONV cannot accurately represent the overall CONV
of the land use segments with large areas. Therefore, CONV is
more sensitive to the size of the land use segments, and SOLI is
more robust. This can be verified by the fact that the ranges of
CONV change more largely among land use classes than SOLI
by comparing Figure 2(a) and Figure 2(b) since the average
area of land use class varies largely. Roads, ponds, reservoirs,
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and dams change less in size of segments, and forest and grass
lands change largely in size. SOLI will be used to characterize
the CONV of land use segments. Figure 2(b) shows that the
segments of cultivated land and ponds tend to be more convex
than other land use classes.

o6}

e}

Figure 2 Maximum, mean, and minimum values for the five
metrics characterizing the basic geometric characteristics of
land use segments (a. CONV; b. SOLIL; c. ELONG; d. ROUND;
e. RECT)
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Table 1 Shape metrics

ELONG indicates the degree that a polygon is elongated. Figure
2(c) shows that roads have the highest ELONG (between 4.5
and 28.2) and differs apparently from other land uses. The dams
also have relatively high ELONG. The average ELONG value
is 12.5 for roads; 6.3 for dams; and less than 5.0 for others.
ELONG clearly discriminate roads and dams from other land
uses.

ROUND and RECT indicate how well the polygon can be
described by a circle and a rectangle, respectively. Cultivated
lands and ponds have the highest ROUND (>0.5) and the
highest RECT (>0.6). Roads and dams have the lowest ROUND
(<0.1), which is according to the fact that their shapes are
distinct to a circle.

(L]}

ieh I
Figure 3 Maximum, mean, and minimum values for the five
metrics characterizing the shape complexity of land use
segments (a. COMP; b. FORM; c. SqP; d. FD; e. SI)
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Figure 3 shows that there are some significant differences
among land use classes regarding shape complexity reflected by
shape metrics. It will help to characterize land use classes to
investigate these differences. First of all we need to select the
metrics that better describe these differences. It can be seen
from Table 1 that the calculation schemes for shape complexity
could be divided into two groups. One is based on area-to-
perimeter ratio, including COMP and FORM. The other one is
based on perimeter-to-area ratio, including SqP, FD, and SI. As
a result, we can see two inverse patterns in Figure 3. The
patterns are reflected in Figure 3 by the dashed lines that
illustrate the change trends of the metric values among land use
classes. One pattern is found in Figure 3(a) and Figure 3(b), and
the other pattern is found in Figure 3(c), Figure 3(d), and Figure
3(e). We employ two pairs of land use classes to compare the
ability of the metrics to distinguish land use classes. One pair is
cultivated lands and forest and grass lands, and the other is
rivers and ponds. Both pairs are easily confused in spectral
properties but have distinct shape signatures. Each pair of land
use classes are expected to be discriminated clearly by the
shape metrics. An indicator was designed to show how well the
shape metrics can distinguish between each pair of land use
classes:

Kk —

n

V.-V

nj

/ Vnrange ™

where V|; and an are the average values of shape metric N

ni

for land use | and land use j , respectively; V

nrange
represents the observed range of shape metric NN in the case
area. The observed range not the theoretical range of the shape
metric was employed here because some theoretical values
could not appear in the calculation of shape metrics on actual
land use maps, for example, the theoretical range for SI is

infinite, but the observed range in this case is 6.0. A higher kn

indicates that the shape metric N can separate the pair of land
use classes more clearly. According to the analysis of kn

values, we select FORM and SqP to describe the shape
complexity of land use classes.

The highest two values of FORM (0.58 and 0.54) and the
lowest two values of SqP (0.13 and 0.15) are all linked to
cultivated lands and ponds. It indicates that the polygons of
these two land use classes generally have simplest shapes,
according with the fact that most cultivated lands are almost
rectangularly shaped and most ponds are almost rectangular or
round. FORM and SqP both show that roads, rivers, and forest
and grass lands are the three land uses with more “complex”
shapes (FORM: 0.08, 0.10, 0.11; SqP: 0.68, 0.66, 0.62).
Although roads appear as elongated polygons seeming to be
regular, they still have the lowest FORM and the highest SqP
because their shapes are quite different from the assumed most
“simple” polygons, square and circle. Settlement places show
medium low complexity, and reservoirs and dams show
medium high complexity.

3.2 Characterization of different land use classes using
shape metrics

The typical shape characteristics of land use classes can be
quantitatively described by corresponding shape metrics (see
Table 2). It can be seen that the shape characteristics of land use
classes usually described by natural language are measured
precisely by the metrics.

It should be noticed that only the significant metrics of a land
use class are used to characterize the land use class in Table 2.
The number of significant metrics varies across land use classes.
For example, the class of cultivated lands has five significant
metrics, while the class of forest and grass lands has only two
significant metrics. It does not mean that the later only has the
two metrics that can be used to differ it from other classes.
Which metrics can be used depends on which classes are
involved in comparison. For example, when comparing
cultivated lands and forest and grass lands, all the significant
metrics for both classes can be used in the classification,
namely, SOLI, ROUND, RECT, FORM and SqP. Actually,
when we combine the metrics in classification, the land use
classes can be differentiated more clearly. It is particularly
useful for the classification of spectrally similar land use classes.

Land use Characteristics
class
Very elongated (4.46<ELONG<28.15), not
Roads convex and not round (0.15<SOLI<0.72;
0.01<ROUND<0.10), with high complexity
values (0.03<FORM<0.20, 0.50<SqP<0.81)
Cultivated Rectangular (0.47<RECT<0.93), convex
lands (0.71<SOLI<1.00), with very simple shapes
(0.26<FORM<0.81, -0.07<SqP<0.40)
Settlement ~ With simple shapes (0.06<FORM<0.55, -
places 0.07<SqP<0.68)
Concave  (0.22<SOLI<0.64), elongated
Rivers (2.15<ELONG<7.27), complex
(0.04<FORM<0.15, 0.54<SqP<0.82)
Round (0.22<ROUND<1.04) or rectangular
Ponds (0.43<RECT<0.84), convex

(0.57<SOLI<0.96), with very simple shapes
(0.20<FORM<0.80, -0.14<SqP<0.50)
Complex (0.16<FORM<0.24,
0.45<SqP<0.85)

Forests and
grass lands

Reservoirs  No significant metrics
Very elongated (2.15<ELONG<7.27), with a
Dams very low ROUND value

(0.03<ROUND<0.17)
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Table 2 Quantitatively characterizing land use classes by shape
metrics

4. CONCLUSION

The first step of utilizing shape as a component in image
analysis is to investigate shape metrics that could be used to
measure the shape characteristics of image objects. This study
probes into the use of shape metrics to characterize land use
segments in SPOT-5 images in a case area located in south
China.

There are total ten metrics were selected for the analysis. Five
of them were used to measure the basic geometric attributes of
land use segments. The five metrics, namely, CONV, SOLI,
ELONG, ROUND, and RECT, measure convexity, solidity,
elongation, roundness, and rectangular fitting, respectively. The
other five metrics, namely, COMP, FORM, SqP, FD, and SI,
were used to measure the complexity of shape. Some metrics
describe shape characteristics from the same aspect, and are
correlated to some extent. We select proper metrics that best
characterizing land use classes in this research. Eight land use
classes were investigated in the study, namely, roads, cultivated
lands, settlement places, rivers, ponds, forest and grass lands,
reservoirs, and dams. The results show that all typical shape
properties of land use segments can be quantitatively described
by shape metrics. Two of the five complexity metrics, FORM
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and SqP, were identified to be more effective in differentiation
of land use classes in terms of complexity. The results show
that the importance of different shape metrics for land use
characterization. The study constructs the “Shape Metric
Signatures” (SMS) of different land use classes. SMS can serve
as accurate and predictive discriminators of land use classes
within the study area. The spectrally similar land use classes
can be separated clearly in shape metric spaces.

The shape characteristics of land use classes are largely
influenced by human activities. The shape characterization of
land use classes could also be considered as the measurement of
anthropogenic effects on the shapes of land use patches to some
extent. The anthropogenic effects will be larger in more densely
populated and more intensively utilized area. Thus the shape
characteristics will more significant in this kind of areas.

An important future research objective is to build the proper
probability models of shape metrics for different land use
classes. Thus the shape metrics can be integrated into the
process of rule-based land use classification along with spectral
and textural information. A rule-based reasoning system
integrating spectral, textural and shape information will
eventually improve the object-oriented classification of land use
classes.
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