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ABSTRACT:

Geographic Object Based Image Analysis (GEOBIA) exlus the advancement of spatial object recognitiom wider community
including landscape analysts. Due to the spatiaipmment inherent in the landscape, the relationshipndscape phenomena to
remote sensing and object recognition is well rexd. The landscape phenomena exist and intaragtuitiple scales. The
interaction in multiple scales occurs within thalscand across the scales. To address the isghis afiteraction, we developed a
scalar data analysis (ScDA) framework in multi-ecahvironment from remotely sensed data of divgesmgraphical territories
(New Zealand, Nepal and France) by extracting tharmmgful image objects, analysing such image ¢bjaed relating these image
objects to landscape objects. ScDA was appliedherindices such as the Normalised Difference \&gat Index (NDVI), the
Grey Level Co-occurrence Matrix (GLCM), shape indasea, density and asymmetry for image objects. dlmdices and the
developed framework were tested for pertinent sthie most appropriate scale for analysis) isssgua statistical measure of
association — The Relative Interquartile Range (RIQR)an algorithmic approach. The test result shaidvatithe most appropriate
scale to analyse -pertinent scale- can be achiamdds dependent primarily on analysis and inteégpian of the objects which are
governed by perception, recognition as well as ailyje of the interpreter / analyst including hetgoeity / homogeneity of the
landscape. This methodology showed that pertinesiesssue is relevant for the study of biodivgrsitonitoring and associated
landscape phenomena.

characterise objects. The computational and statist
visualisations of these attributes — ScDA- helpesl to
determine the most appropriate analysis scaleie@ait scale)
in analysing the objects in multiple scales. Irsthtudy, our
primary objective is to present a geographic objested image
analysis methodology to contribute in theience of scaleln

1. INTRODUCTION

In recent years, Geographic Object Based Image Aisaly
(GEOBIA) is extensively used in extracting knowledged
information from the remote sensing images andsisessing
various disciplines including biodiversity. The agbnship
between remote sensing and biodiversity is welbgaésed due developing this methodology, we use Landsat imaiges
to the spatial component inherent in the lands¢Apgal et al  Nepal and New Zealand. The logic behind in chooshegse
2011; Blaschke, 2010; Blaschke, 2005; Lang et al,4P00 two sites is that both of these are biodiversityshots of the
Moreover, the landscape can be better understodth wiworld (Myers et al, 2000). Further, we also useP®D3$ image

hierarchy theory, spatial homogeneity and hetereigen
characters of features at the Earth’s surface (@rebal, 2006;
Hay et al, 2003; Marceau et al, 1994). Such charsabnce
studied on nested hierarchies of patch mosaicsigeavseful
information on multi-scales. Multi-scale issues dam better
understood by the spatial object concept and tlsecited
attributes. Conceptually, we consider that objersfarmed by
merging contiguous homogeneous pixels in multiptales.
When we think of merging, there comes a cognitivel a
perceptual process (Lang, 2008). The attributeanyf object
contribute in both the process to form candidagedb in
multiple scales. In this study, the thematic, togid as well as
geometric attributes of the image objects are ctmmed to
ascertain the pertinent scale (most appropriatée)sdar the
geographical territory under study. Patch area,bermof pixels
in forming a patch (density), shape index of indal patch,
asymmetry index of individual patch, Normalised fBiénce

from Mount Ventoux, a biosphere in south of France.

The main goals of this experiment were to visualtke

associated scalar data of different indices in irsalles in
seeking a most appropriate scale to analyse thiékphjects.
Such indices were tested for the image objectsraalised for
the landscape objects of the diverse geographevaitdries.

Within this framework, in this paper, we aim to ams to the
following questions:

Do the characteristics of image objects and lamusczbjects
help to analyse and extract the information in nwing the
spatial pattern and processes of landscapes? Are thlevant
scales to be used to depict certain types of gpbgral objects?
Are the scalar data analysis methods helpful ingesing
hypotheses about the causes of observed geogrbnicgaries

and associated phenomena? What are the goverrutaysfdor

the optimal scale of analysis for geographical ienalgjects?

Vegetation Index (NDVI) and Grey Level Co-occurrence
Matrix (GLCM) of each patch are taken into account t
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In general, what kind of methodology could be desd) to
address the issues raised above? In answering guest¢ions,
we focused ourselves in extracting the image objeutd
corresponding landscape objects in multiple scaelsulating
the relevant indices, visualising and testing tHenscalar data
analysis.

The organisation of the paper is as follows: intisec2, we
present the data and adopted methodology. In se&ithe

results are presented along with ScDA and algoithm

approach. Section 4 presents the discussions amtlusions.
Section 5 presents future works.

2. DATA AND METHODOLOGY

RIQR= @

Qs B erl
Media

Where, Q, = 39 quartile andQ, = 1% quartile

Further, we use visual approach in combination dikeloped
algorithm to ascertain “local pertinent scale”.

The considered attributes have specific charadtestudying
the vegetation science and biodiversity in paricufs for an
example, NDVI is strongly related to the extentvefyetation
cover and is an indicator of both landscape hetareigy (Kerr
and Ostrovsky, 2003) and biological diversity (Espie et al,
2008; Oldeland et al, 2010). Similarly, the shapslek
describes the smoothness of an image object borfiee.

A Landsat 7 Enhanced Thematic Mapper (ETM) image o&moother the border of an image object is, the idtgeshape
December 2001 is acquired for the New Zealand site index (eCognition, 2010). If the border of the olgeds

Christchurch city and surroundings. The imageryaigitng 0 %

cloud cover and is from high vegetation growth eeas
Similarly, another ETM image of May 2011 is acqdifer the

Nepal site - Kathmandu city and surroundings. Tinage is
acquired from the United States Geological SurniepGs,

2011). Likewise, a SPOT image of 2004 is acquired the

France site — Mount Ventoux, South of France. Tpatial

resolution of the satellite image is 25 m for thewNZealand
site, 30 m for the Nepal site and 2.5 m for thenEessite.

The remote sensing image analysis was performe@hiject
Based Image Analysis (OBIA) softwarewvjw.ecognition.com
— eCognition (Trimble, 2010). This allowed us to iempent
expert knowledge, to generate homogeneous objecisigh a
local optimization procedure, and to create a hobiaal
framework of decomposable image objects (Benz eRG04;
Hall et al, 2004). Many works have demonstratedisisfulness
in landscape habitat mapping (Mathieu et al. 2Q@throp et
al, 2006). Vegetation patch visualisation is perfed in ESRI
ArcGIS/Arcinfo
(http://www.esri.com/software/arcgis/arcinfo/indetml)  and
numerical / statistical modelling of various bioglisity indices
were performed in the statistical data language GRU
(http://www.r-project.or). The  optimum
parameters were determined using a systematicandlerror
approach validated by the visual inspection of theage
objects. In this study, the colour criterion wasigised a weight
of 0.9 and the shape received the remaining 0.igastness
0.5 and smoothness 0.5) as these two are complamefRive
levels were generated in hierarchy namely for scalexed by
scale factors 20, 50, 100, 150 and 250 to extrechteaningful
image objects, to analyse and to test for the rpamti scale
issues.

Hierarchical segmentation of a section of the stadga is
presented for New Zealand’s site (Figure 1). Thisves spatial
aggregation of features across the scales in arbler. We
developed the models to test the extracted imagecisbof
vegetation patches and visualised for scalar #tatis
distribution. After visualisation, we chose threeices (NDVI,

Shape index and GLCM entropy) in observing the “glob

pertinent scale”, by using a statistical measuressociation,
the Relative Interquartile Range (RIQR).
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segmentation

smoother the biodiversity is lower due to the reiunc of
potential contacts between different types of laages. GLCM
index is an important one for the vegetation / pkindy due to
the texture feature which is prominent in descgbithe
vegetation.

R
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Figure 1: A section of the study area showing fretial
aggregation across five scales a) level 1 at 2@ soplevel 2 at
50 scale, c) level 3 at 100 scale, d) level 4 & dcale and e)
level 5 at 250 scale for a representative patatm few
Zealand site.



3. RESULTS

NDVI
As our interest in this study is to analyse thetiradale issues

associated with satellite images from different gyaphical -0.14 0.19 013 -0.34
territory and indices (attributes) linking to biwdisity, we
produced results in the scaling domain for seleetixdbutes. Asymmetry

-0.79 0.49 0.03

Our results are for (i) statistical visualisationpatch attributes,
(i) visualisation of global pertinent scale forlesgted indices, \\
and (iii) visualisation of local pertinent scale &y algorithmic

approach. Density
/ﬂv -0.5 0.03

3.1 Statistical visualisation of patch attributes

Shape Ind.
Among the indices, we observed their relationshipgerms of
correlation coefficient and statistical distributi¢Figure 2). All
the indices presented are independent variableswsiéed to
observe whether there is a strong relationshipcfdesd by

f GLCM Ent.
collinearity) among the variables in order to selde most >X ‘Kﬂ’h\k

0.21

|
\
{
—

relevant ones. As an example, in the New Zealarse,cthe
results showed that asymmetry and shape index fsave
correlation coefficient of 0.5, so we should onlgek one of
them. Further, we considered the ecological andisstal

significance of each index for both sites. From ¢uelogical b
perspective, shape index has a more significanaé@mnphan
asymmetry. o
With this fact, we choose three indices — NDVI, phandex -001 0.07 -0.03 -0.18
and GLCM entropy - for observing and extracting Hert
information for all the three sites. ——
symmetry —
dﬂ]ﬂﬂ’ -08 0.55 0.26
NDVI t
b Density
-0.03 0.14 -0.08 -0.28 *
"m >"L : H i -0.83 -0.33
Asymmetry :
Shape Ind.
-0.73 05 0.08
. %ﬁ\ b
Density . /\
?_‘s-*\\ GLCM Ent.
—-0.66 -0.06 ' Lk
Shape Ind. j "
035
;—-/ C
GLCM Ent. . .. . . . . ..
/4 Figure 2 Statistical distribution and correlatiaefficient
}\‘—'—" visualisation to ascertain the association betvtkerattributes
of patches (a) New Zealand site (b) Nepal sité-(ajce site.

a 3.2 Visualisation of global pertinent scale for selected
indices

The global pertinent — most appropriate to analgeale was
computed using RIQR methodology taking into the aspéc
robustness. As the median is more robust amondeberiptive
statistical measures, we assume that, RIQR giveshasto
measure. In ascertaining the pertinent scale udinig
methodology we observed the maximum variability aghthe
scales and minimum variability within the scalegfe 3). For
New Zealand site we observed that scale 150, fggaNsite
scale 250 and for France site scale 100 are pettiki¢ith this
result, we further observed that some patches ave n
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disintegrated across the scales and some are ttootdhe
scales. This motivated us to investigate the lpealinent scale

for individual patches by using an algorithmic agaarh.

Shape Index and GLCM Entro. RIQR

Shape Index and GLCM Entro. RIQR
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Figure 3. The measurement of variability with refat
interquartile range of indices namely NDVI, Shapédx and
GLCM Entropy in multi-scales (a) New Zealand sitel &)
Nepal site and (c) France site.

3.3 Visualisation of local pertinent scale by an algorithmic
approach

According to our definition and assumption and base the
attributes of patches, the global pertinent saalé\iew Zealand
site is 150 scale, for Nepal site it is 250 scale for France site
it is 100 scale. We noticed the irregular disinatign of

patches within the pertinent scale in the mapsjrnwestigated
for local pertinent scale. To further explore tbedl pertinent
scale of individual patch, we used spectral anglysisual

approach) with the following algorithm for all teges;

1. Observe each patch at the global pertinent scale
and every finer scale in a top down approach;

2. When a patch is not disaggregated from the
pertinent scale to the next scale, keep the global
scale as the local pertinent scale for the patch;

3. If the patch keeps disaggregating then select as
the local pertinent scale at which the patches
created from the disaggregation maximize
NDVI's RIQR.

In the case of New Zealand site we found 29 patédreshich
we visualised the pertinent scale by observing RIQRss the
scales. Out of 29 patches, 19 patches are pertinemtalyse in
scale 20, 7 patches in scale 50 and 3 patchesilia $80.

In the case of the Nepal site, 4 patches are fudisaggregated
of which 2 patches are pertinent to analyse ines@dl, 1 in
scale 100 and 1 in scale 150. Similarly, in thenEeasite, this
phenomenon exists too.



The above analysis of global pertinent scale andllpertinent
scale for individual patch helped us to understéiedandscape
and the analysis scale. This is dependent on thgraghical

territory under study and the real world features the

landscape

4. DISCUSSION AND CONCLUSIONS

In dealing with complexity such as landscape phemanit is

very important to study the combination of indicks an

effective interpretation of landscape pattern anlgeirt
association to ecological processes. In analysimgresults in

terms of appropriate scale of analysis, we triedb@st to fit the
objects taking into account the lower scale, fosedle and
upper scale. The focal scale is the pertinent ifugd)i one for

specific diversity analysis for the objects undensideration.
The focal scale is the representation of realifying many

factors into account, such as: perception versumedgion,

conceptual boundary versus real boundary of theurfes,

existing classification key versus mapping scherselsjectivity

versus objectivity and most importantly interprietat versus
analysis. With the available tools for analysis aislialisation

along with algorithmic approach we have differeasuits for

three different sites. In the New Zealand site,alveerved that
150 scale is globally pertinent while in the Nepae, this is

250 scale. In the case of France site the optineateds 100.
Within the global pertinent scale, the local pegtinscales are
different according to the relative interquartilnge of spatial
attributes. This showed us that pertinent issuenas only

associated with interpreters’ objective it is at@sociated with
the territory and its content and the homogenéitythermore,
as discussed above, visualisation of the boundafy
geographical features is conceptual boundary irteed by

interpreter rather than a ‘real’ geographical bamgdWe are
aware that in the entire process of GEOBIA the wten
benchmark is our visual perception and the todupportive

and it reacts on parameters although the expertdaecide

(Lang, 2008). In observing the specific sites, e Zealand
site and its territory is heterogeneous and caristit of sea,
city, and plantation. On the other hand in the aidd¢epal site,

it constitutes a city and a homogeneous vegetati@ma of

‘Shivapuri National Park’. In the case of Frande sthe study
area is a nature reserve primarily dominated bytegted

vegetation types. The results further showed ug the

pertinent scale issue is governed by the land cofi¢ne area
under study.

We have revealed that GEOBIA in conjunction with the

landscape indices is capable enough to charactetise
landscape objects with a scalar data analysis hiremarchical
patch dynamics scenario. Among many variables,
considered the thematic, geometric and topologittabutes of
image objects and corresponding landscape objectsudltiple
scales. We considered biodiversity assessment iidigl in
particular. We are aware that observing the patefnature
and comparing those patterns in diverse geogralpieic#ories
is not a straightforward task and it demands thesicteration of
many other characteristics.

5. FUTURE WORK

With the perspectives and conclusions drawn frois gtudy it
is possible to refine and extend the current fraarkvin the
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science of scaleThe refinements could be made by developing
a robust and generalised methodology to analyséatitscape
of diverse geographical territories. Such methogplwill take
into account the definition of the landscape characin terms
of structured objects in multiple scales. Such ahodology
would open up further research in diverse areasudiryy
landscape ecology and ecological processes likeatd change
issues. Possible areas of extension would be irstitstical
computation and visualisation for informed decisioof
landscape characters using scalar data analysisvoiil like
to test the hypotheses for the causes of obseivedogmena in
describing the landscape objects and in providingpsis for
validating the results using the primary data.

With the inclusion of such refinements and extemsjove do
hope that we will be able to characterise the leaps objects
and their association to pertinent scale which éadeelpful in
understanding the pattern and processes of lanelscEprther,
this will contribute to GEOBIA's key theoretical and
methodological issues, trends and challenges.
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