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Abstract

Complete, accurate and tp-date topographic data is afastimportance as it is widely
required by different government agencies, -gomernmental organisationghe private
sector as well as the general public for urban mapping, rural development and environmental
management, to mention but a few applicatioBfficient semiautomatic methods for
detecting settlements as change area indicators are required ier al achieve a
sustainable ugio-date topographic databaseThis study reviewed the capability of
geographic object based image analysis (GEOBIA) as a-aetomated method for
settlement detection using012 SPOT 5imagery in the KwaZuNatal Province, 8uth
Africa.

The application of GEOBIA provide the ability to segment imagdo areasresembling
features of interestror this study GEOBIA settlement detection provided 70or&rall
accuracy while the existingemiautomated South African global humaettlement layer
(SA_GHSL) had 60% overall accuracy. These results presents an opportunity to apply
GEOBIA semiautomated method to target areas of new settlement development more
efficiently and with consistent repeatable manneuskssistingtopograghic update analyst
to be drawn to more areas of new settlement development at an enhanced efficient rate.
However the spectral variability of roof tops which are prominent identifiable feature by
remote sensing for settlement areas prove to be the mdkingiag obstacle towards semi
automated settlement detection.
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1. Introduction

The changes to the landscape are constantly occurring both naturally and human induced.
It is essential for these changes to be regularly detected and captured for updateghmpogra
information in order to reflect the current status of the landscape (Duncan & Smit, 2012;
Knudsen & Oslen, 2003). Cheet al., (2014) concur highlightingthe importance of
topographic information applicatiorfer different government agencies, ngovernmental

organisation, private sector and citizens at large.

The Chief Directorate: National Ge&patial Information (CD: NGJ)as one of its
mandats, needso providethe national topographic map information of the country. In doing
so the organisationas developed an integrated topographic information system (iTI8)efor
geospatial capture othe 1. 50000 scale topographic data produthe Spatial Data
Infrastructure Act (SDI) 54 of 2003 provides CD: NGI with the responsibility to accurately
mairtain and frequently update the iTI$heCD: NGlis therefore in the process of updating
and maintainingheiTIS. The map updating and revision process is based on a data holistic
approach, where for each new 1: 50 000 map, all topographic data amtecolle vector
form, symbolised and validate@ihe map updates Wabeen carried out as a full remapping
of South Africaby manual detection and registration of the changes from aerial photagraphs
The current method of updating the iTIS is based on ayBee revision cycle of all features
using aerial photograph%his is due to the three yeflying programme for capturing aerial
photographs for the whole country and the compilation programme (entailing

orthorectification)of the captured aerial photagrhs.

The currentimethodhassignificant challenges as tmeanual approach has prave be
time and human resource consuming, whichoisa uniqueproblemas also experienced by
mapping agencies around the wora Bris & Chehata2011). This has redted to certain
areas of the country within the iTIS gepatial database to beontinuously out-dated.
Furthermorein South Africathe compilation programme is forced to work in areas of the
country that might have had little or no change due to thegflprogrammecovering areas
with no or little activities The availability of new satellite sensors providinigh spatial
resolution and frequent data captees be used to fast track topographic mapping update
These include satelligelike IKONOS, Qickbird, Worldview and SPOT to mention buh

few.
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The most abundant information forthe updats of topographic data is due to
anthropogenic changesich asstreets, roads, buildings and other infrastrustlike power
lines etc. (Knudsen & Oslen 2003; Bber et al., 2008), which are instigated by fast
infrastructure developments in order to meet economic needs of the cdum@sg changes
are largely experienced when there are new settlement developrierstdeading to an
urgent need for an dfo-date topographic information more than evdihe application of
settlement detection as an indicator of where major landscape changes occur to improve the
iTIS database update is proposed for this stddhys leads to the aim of the study which
seels to investigate thegeographic object based image analysis (GEOBIA) assémat
automatedsettlement detection fromsatelliteimageryfor the advancement alfie iTIS gee

spatial update.

2. Study area

The study area ibcated in the KwaZuhiNatal Province characterisedy an urban and
rural area respectivelfFigure 1). The choice othis study aredas beerdue to therecent
manualupdaing of the areaising the 2012 aerial imagerjhe study area cove892.6km?
of 2930 DD and 2931 C6&heeif 1: 50000 scale.

For the investigation of seraiutomatedsettiement detectiorfSPOT 5, 2012 imagery has
been used. Re SPOT5 imageryconsistof four multispectral(Blue, Green, Red &ear
Infrared)bandsandonepanchromatiband The multispectrabandshavea spatial resolution
of 10 meters and 2.5 meters for panchromaticband The multispectrabandswere pan
sharpened to 2.5 eter resolutionin order to make use of spectral information spatial
accuracy of both image resolutiorihe study aredFigure 1) is displayed using 321 band
combination with red highlighting vegetatiomyan highlighting settlements with water

shownas blue.
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KWAZULU-NATAL

Projection: Gauss Conform
Central Meridian: 31
Datum: Hartebeesthoek 94

Figurel: Location of the study ar§@930DD and 2931 CGf 1: 50000 scalejn KwaZulu-
NatalProvince The imagds displayed as #alsecolour compos# (RGB, 321 with red
highlighting vegetationcyanindicatingsettlementandblue as water

3. Methodology

This study investigated GEOBIA semmutomated method foetlement detectian
3.1 Geographic Object Based Image AnalysiSGGEOBIA)

The GEOBIA is defined as a discipline to develop theory, methods and tools for
replicating and improving human interpretation of rerlyogensed imagery in an automated
or semiautanated manner (Hag Castilla, 2008; Blaschk& Hay, 200). GEOBIA has
become accepted as an efficient method for extracting detailed information from very high
spatial resolution satellite imageryavthe past decade (Belgiu & [ut, 2014; Blaschke,
2010. However it is still regarded aa relativdy new approach for earth observation image
analysiswhen compared to traditionainage (pixel) analysisThe GEOBIA involvesthe
partitioning of a scene into discrete entities or segments from which meanimgigé
objects, based on theipatial and spectral attributean be generated (Desclegal., 2006
Gao & Mas, 2008Baatz & Schape 2000Theprincipal idea is that meaningful information
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is not presented in individual pixels but in meaningful imaggeai® and their mutual

relationships $chiewe, 200R

This studyconcentratecdbn multiresolution segmentation (MRS) model implemented in
eCognition softwarégDefiniens 2007). MRS is a bottors-up regionmerging technique that
partitions the image into imge objects on the basis of homogeneity criterantrolled by
userdefined parameters such as colour, shampepactness/smoothness and scdlee
combination of these parameters results in different image object and getting the correct
object is trialand-error processThrough different trianderror segmentation parameter
investigations, suitable objects of interest were obtained. This entailed scale of 20, colour of
0.8 and smoothness of 0.5 parameters. This resulted I86®28bjects for analysis ifdhe

study area.

The next step was to determine variable obtained from image segmentation to classify the
image. Thee are several variable that are generated by eCognition software to assist towards
object feature classification. These include: layeues| geometry, position, texture,
hierarchy, thematic attributés

Figure2). The layer value option entails spectral statistics such as mean value and mean
brightness for image reflectance bands together with capadifilityther applying band ratio
combinations. Under the textuamd geometrpption also several alternatives are applicable
(such as length/width under extend and asymmetry under shape propérias) thelevel
co-occurrence matrix (GLCM)the study exmred the contrast textual measurements
developed by Haraliclet al., (1973). This study assessed the following variablegan
brightness, density, length/widdmdband ratios After determining the variable to be further

used for settlement detectionethctual classification basen rule set was applied.
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Figure2: Various \ariable parameters available in eCognition software
Therule based classificaticstep entails determining the rule and values for eatieo

chosen variable feature to attalassfeaturesof interest The following classes: vegetation ,

water, roads, settlements abdre groundvere discriminated

SEGMENTATION VARIABLE RULES SET RESULTS
GLCM (contrast) = >=430
— Settlements
BRIGHTNES —  >=154
DENSITY —_ <12 ]
IMAGERY —  Roads
(SPOT 5, 2012) = LENGTH/ =5
WIDTH =
LAYER 3 —_— <=52 —  Water
b3/b4 _— <13 l— Bare-ground
b3/bd >=13 ]— Vegetation

Figure 3). The inclusion of discriminated othelasses (vegetatipibare groundwater
&roads) was due to enhance settlement detection when these classes were distinctly
separated. The final step was to exportrédseiltsto ArcGIS 10.2.2 for further analysis. The
settlement class was extracted frather classes for precise examination and accuracy

assessment.
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SEGMENTATION VARIABLE RULES SET RESULTS
GLCM (contrast) == >=430
— Settlements
BRIGHTNES e >=154
DENSITY —_ <12 7]
IMAGERY | ronds
(sPOT 5, 2012) 1 LENGTH/ s
WIDTH -
LAYER 3 —_— <=52 | ater
b3/b4 <1.3 l— Bare-ground
I b3/ba >=13 ]— Vegetation

Figure3: Themethodological approach for image classification from on rule based
technique.

4. Resultsand Discussions

For the GEOBIA applicationhe study areavas characterised intdive classes namely:
vegetation, water, roagsettlement@andbare groundThe purpose of including other classes
for classification was to discriminate those areas that potentially have similar spectral
reflectance to the class of ingst(the settlements clasd-or settlemestdetection, the roof
tops are the prominent feature of buildings which are identifiable by remote sensors. The
large variability in material composition, colour, shape, size and orientation of the roof tops
makes it difficult to grasp sematic properties by any consistent physical definable attributes
(Asmat & Zamzami, 2011; Le Bris & Chehata, 201Mhis has proved to be evident with the
results from GEOBIA wherby not full cover of the roof topould becapturel or detected

(Figure4).
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Figure 4: Geographic Object Based Image Analysis (GEOB3Attlement detection results
overlaid on SPOT5, 2012 band combination 321 (RGB). The zoomatsent (1,2 &3)
reveal settlement detection capability of roof tops
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To attain better understanding of GEOBIA settlement detection, visual analysis of results
were compared to the existing semtomated settlement layer called South African global
human sttlement layer (SA_GHSL) produced by the South African National Space Agency
(SANSA).The SA_GHSL was conducted using SPOT 5, 2012 imagery as utilised to derive
settlements by GEOBIA. Thdetailed methodlogy used to derive SA _GHSL has been
explained by Kmperet al., 2015 Through visual analysis the GEOBIA technique was
observed to better identify the roof tops while SA_GHSL bettentified roof top edges
(Figure 5Figure 6). The ability to identify roof tops by GEOBIA is directly related to the
capability of an image segmentation process that seeltsdaesemble theshape of the
features of intereswhile variability of material compositioremained a stabling blodior

full detection
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Figure
5: South African GlobaHumanSettlement_ayer (SA_GHSL)ettlement detection results
overlaid on SPOT5, 2012 band combination 321 (RGB). The zoorviedart (1,2 &3)
reveal setement detection capability of roof tops.
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Figure 6: Visual identification of settlements (buildings) between A) Geographic Object
Based Image Analysis (GEOBIA) seiaiitomated detection against B) South African Human
Settlementayer (SA_GHSL).

An error matrix acuracy assessme(@ongalton & Green, 2009; Sensenwtral., 1995)
was conductedior quantitative measure of treemiautomatedsettlement detection results
The accuracy assessment was based on the genera@®mamidon points from the manual
digitised settlement laydry CD: NGL This carried an assumption that every random selected
point would be detected by the seanitomated settlement detectiorhe selected points
were then visually classified using 2012 aeriahagerywith 0.5 meterresolutioninto the
following classesbuildings, bare ground, roads, shades, vehicle, water, and vegetdten
65 random points weréhenexaminedand determined whether they were correctly detected
or not by the semautomated sdéments resultsThe overallaccuracy assessmaetsuls for
correctly classifiedemiautomatedsettlementsietectionwas70.8% for GEOBIA (Table 1)
and ®% for SA_GHSL Table 2).It has been observed that for GEOBIA methaaly 2 out
of the 65 random gints were not detectedesulting to only 3.07% omission pointsr
analysis While for the SA_GHSL, 12w of 65 random points detected resulting to 18.5%
omission points for analysis.
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