SPECTRAL UNMIXING ANALYS SOF URBAN LAND COVER FRACTIONS
FROM LANDSAT DATA
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ABSTRACT: Geographic information of urban land-cover typesnimportant for urban planning. This study
explored the use of Landsat ETM imagery for mappirigan land-cover types in Ho Chi Minh City (HCMID)
2010. Spectral unmixing model estimates abundaraidns of surface targets at sub-pixel level wasd for
urban-land cover mapping. This model was trainedgusndmembers extracted from the original imagegus
minimum noise fraction (MNF) method. The mappingules was assessed using ground-verification ddte.
comparison results between classification map andrgl-truth data revealed the overall accuracy®6% and
Kappa coefficient of 0.86. The results achievednfithis study could be useful to assist local altiesrin urban
planning.

1. INTRODUCTION

In recent decades, Ho Chi Minh City (HCMC) knownSasgon capital of the South Vietnam until 1976 tagsdly
urbanized following the reformed economic policyl®86, allowing the city to change from a centedizconomy
to an oriented-market economy. From 1986 to 20h@, population of this city has almost doubled from
approximately 3.8 million 7.4 million. Despite maki up only 8.5% of Vietnamese population (GSO, 2010
HCMC contributes more than 20% of the country’ssgrdomestic product (GDP). The fast-growing urbation

in both of urban growth and concentration of pedplarban areas while lacking a proper urban plegstrategy
has been creating severe impacts on the environamehthe heath of the public (Van, 2008; Storch Bodnes,
2011).

Urban mapping is thus essential to provide inforamabn land-cover patterns from a spatial perspectrhis is
critical to the process of urban planning. Remesggsed data has been widely recognised as antanpalata
source for this purpose. Research on urban landraoapping using satellite data has been attrab&ethcreasing
attention world wide (Buyantuyev et al., 2007; Bod Weng, 2009; Knight and Voth, 2011; Lu et 2011;
Powell et al., 2007; Tooke et al., 2009; Van de Meocet al., 2009; Weng and Lu, 2008). Among metheisl for
urban land-cover mapping, the spectral unmixing lasn widely applied for analysis of land-covercfians
(Powell et al., 2007; Pu et al., 2008; Small, 20105; Wu and Murray, 2003).

This study was another attempt to evaluate Lang$M imagery and spectral unmixing analysis for urtend-
cover mapping in HCMC. The mapping results weresssd using ground-verification data.

2. STUDY AREA

The study area covers the centre of HCMC with a@a af approximately 40 Kinlying between 10°107-10°38" N
and 106°2’-106° 54'E. HCMC has been rapidly urbadidue to the launch of a reformed economic pdlicy
1987. The rapid urbanization with either planedifdormal urban planning has created environmeaiegiradation
problems and societal impacts (Van, 2008).
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Fig. 2. Location of the study area. The Landsat EHINE in false colour for 2010 (RGB-432).

3. DATA

Landsat ETM Plus imagery acquired from U.S. GedalgiSurveys (USGS) for 2010 was used in this study.
Landsat ETM data has three visible bands (bluegrgi@nd red), one near infrared (NIR) band, two tsfeore
infrared (SWIR) bands, and one panchromatic (PA&Ndowith a resolution of 15 m. The 2000 HCMC larsg-u
map (scale: 1/25,000) collected from the Sub-Natidnstitute of Agricultural Planning and ProjectigSub-
NIAPP) was also used for field investigation, endmber selection, and preparation of the ground-tdata for
classification accuracy assessment.

4. METHODS

The spectral unmixing method used endmembers tmatst percentage of each land-cover type in a gnosh
Landsat ETM data. In this study, we used the mimmmpise fraction (MNF) method to capture the sgdctr
variability of spectral bands into the first fewngponents. A scatter plot of these components can &otriangle.
Pixels at the corners of this triangle can be wedure endmembers. Based on the analysis of éegppace of the
first three MNF components, we found that four $sgendmembers were sufficient to cover almostamslity of
study area. They were high albedo surface, lowdalbgurface, vegetation, and soil (Fig. 2). Thus,farened a
four-endmember unmixing model for classificatiomc® the model has an unconstrained linear umigimodplem
(i.e. abundance sum-to-one and abundance nonniégatilris problem can be solved by using the caised least
squares method (Heinz and Chein, 2001).
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Fig. 2. Endmembers trained in spectral unmixing ehéor urban land-cover mapping.



In this study, deriving a fraction map that has Hsene spatial resolution with Landsat data>X(30 m) for
classification accuracy assessment by digitizingepurban areas from high-resolution imagery waseal r
challenge, we validated the classification resiitsnaking a pixel-by-pixel comparison between tlessification
map and ground-truth data prepared after the firldstigation. The classification results (fractioaps) were first
hardened into four desired classes. A comparistnden the classified map and ground-truth datapeafrmed
using confusion matrix.

5.RESULTSAND DISCUSSION

The classification results obtained from a fourfeechber unmixing model was presented in Fig. 3. ffaetion

maps had values from 0 to 1. Bright areas indithigher fractions and dark areas indicated lowactions. The
black colour indicated a pixel where the endmembas absent. For assessment of classification sgghliese
fraction maps were hardened into four desired lamder classes (i.e. high albedo, low albedo, veigetaand soil)
(Fig. 4). In general, high-albedo class was sggt@dncentrated in the centre of the city, whilevlalbedo class
mostly distributed in the south portion of the statea. Vegetation class was more common in thihsveestern
part and soil class was scattered over the region.

Comparison between the classification map and gréruth data revealed good agreement between toe tw
datasets. The overall accuracy was 89.6% and Kape#icient was 0.86. The lowest per class for meaof
producer accuracy was observed for soil class §8BiA compared to high-albedo class (94.9%), lobedb class
(92.5%), and vegetation class (86.7%), due to spleconfusion between this class and high-albedsscuring
classification, especially in areas undergoing troie§on.

Fig. 3. Fraction images generated from the foumsgrdber LMM for 2010.
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Fig. 4. The 2010 urban land-cover map obtainedadrgdning fraction maps.

6. CONCLUSIONS

The application of a four-endmember unmixing mddethe Landsat data confirmed its validity for meggpurban
land-cover types for 2010 in HCMC. The overall sifisation accuracy and Kappa coefficient achievwsd
comparison between the classification and grounthtdata were 89.6% and 0.86, respectively. Theltes
obtained from this study appeared promising forestigation of urban growth in HCMC. The results Idobe
critical for policymakers in face of urban planning
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