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Project title (Swedish)*
EO4Urban: Multitemporal Sentinel-1A SAR and Sentinel-2A MSI Data för Global Urbanisering Övervakning

Project title (English)*
EO4Urban: Multitemporal Sentinel-1A SAR and Sentinel-2A MSI Data for Global Urbanization Monitoring

Abstract (English)*
With more than half of the world population now living in cities, and 1.4 billion more people expected to move into cities by
2030, urban areas pose significant challenges on the environment. Although only a small percentage of global land cover, 
urban areas significantly alter climate, biogeochemistry, and hydrology at local, regional, and global scales. Thus, accurate 
and timely information on urban land cover and their changing patterns is of critical importance to support sustainable 
urban development.

At present, the information urban planners and decision makers needed to support planning activities are either dated or 
collected through time-consuming field survey or visual interpretation of images. Through its synoptic view and the 
repeatability, satellite remote sensing can provide timely and accurate information necessary to map urban land cover and 
monitor urbanization. With the recent launch of Sentinel-1A and planned launch of Sentinel-2A in June 2015, high 
resolution SAR and optical data with global coverage and operational reliability become routinely available. They provide 
excellent opportunity to develop novel methods and algorithms for developing operational urban services and products to 
support planning decision-making. The overall objective of this research is to evaluate multi temporal Sentinel-1A SAR 
and Sentinel-2A MSI data for global urban services using innovative methods and algorithms, namely KTH-SEG, a novel 
object-based classification method for detailed urban land cover mapping, and KTH-Pavia Urban Extractor, a robust 
algorithm for urban extent extraction. Stockholm and nine cities around the world in different geographical and 
environmental conditions are selected as study areas. Sentinel-1A SAR and Sentinel-2A optical data will be acquired 
during vegetation season in 2015 and 2016. Historical ENVISAT ASAR and ERS-1/2 SAR data will be selected from the 
archives for monitoring of historical spatial temporal patterns of urbanisation.

KTH-SEG, an advanced segmentation method will be further developed for multi resolution segmentation of Sentinel-1A 
SAR and Sentinel-2A MSI data based on edge-aware region growing and merging algorithm using parallel computing. The 
post-segmentation classification is performed using support vector machines. KTHPavia Urban Extractor, the proposed 
processing chain for urban extent extraction includes urban extraction based on spatial indices and Grey Level Co-
occurrence Matrix (GLCM) textures, an existing method and several improvements i.e., parallel computing, SAR and optical 
data preprocessing, enhancement, fusion and post processing. Both KTH-SEG and KTH-Pavia Urban Extractor will be 
adapted, improved and applied to Sentinel-1A SAR, Sentinel-2A MSI data as well as their fusion. Two users, the Urban 
and Regional Development Department at the Stockholm County Administrative Board (SCAB) in Stockholm and and 
National Geomatics Center of China (NGCC) at the National Administration of Surveying, Mapping and Geoinformation of 
China in Beijing, have committed to participate in the project. This gives us a unique opportunity to better understand the 
user needs and to develop much needed urban services to support planning decision making.

This research and development is expected to produce a pilot global urban services demonstrator using multitemporal 
Sentinel-1A SAR and Sentinel-2A MSI data. The project will contribute to i). better understanding of the urban products 
and services that the users require; ii). development of novel and robust methods and algorithms for improved urban 
information for planners to support smart and sustainable urban development; ; iii). better understanding of the capacity of
Sentinel-1A SAR and Sentinel-2A optical data for detailed urban land cover mapping and urbanisation monitoring; iv). the 
goals and activities of GEO SB-04 Global Urban Observation and Information Task and GEO SB-02 Global Land Cover 
Task.

Descriptive data

Project info
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Popular scientific description (Swedish)*
Mer än hälften av världens befolkning bor nu i städer, och 1,4 miljarder fler människor förväntas flytta till städer år 2030, 
vilket medför betydande miljöutmaningar. Även om stadsområden bara utgör en liten andel av den globala ytan, förändrar 
stadsområden signifikant klimat, biogeokemi och hydrologi på lokal, regional och global nivå. Korrekt och aktuell 
information om urbant marktäcke och dess förändrade mönster är av avgörande betydelse för att stödja en hållbar 
stadsutveckling.

För närvarande är den information som stadsplanerare och beslutsfattare använder som stöd i planering antingen gammal 
eller uppdaterad genom tidskrävande fältundersökningar eller visuell tolkning av bilder. Genom sin synopsis och 
repeterbarhet, kan satellitfjärranalys ge aktuell och korrekt information som är nödvändig för att kartlägga urban 
marktäckning och övervaka urbanisering. Med den senaste lanseringen av Sentinel-1A och planerade lanseringen av 
Sentinel-2A i juni 2015 kommer högupplöst SAR och optiska data med global täckning bli rutinmässigt tillgängligt med hög 
driftsäkerhet. Dessa utgör ett utmärkt tillfälle att utveckla nya metoder och algoritmer för att utveckla operativa urbana 
tjänster och produkter som stödjer planering och beslutsfattande. Det övergripande målet med denna forskning är att 
utvärdera flera multitemporal Sentinel-1A SAR och Sentinel-2A MSI data för globala urbana tjänster med innovativa 
metoder och algoritmer; KTH-SEG, en ny objektbaserat klassificeringsmetod för detaljerad stadskartläggning av marktäcke; 
samt KTH-Pavia Urban Extractor, en robust algoritm för att utvärdera urban utsträckning. Stockholm och nio städer runt 
om i världen i olika geografiska och miljömässiga förhållanden väljs som studieområden. Sentinel-1A SAR och Sentinel-2A 
optiska data kommer att inhämtas under vegetationssäsongen 2015 och 2016. Historiska ENVISAT ASAR och ERS-1/2 
SAR data kommer att väljas från arkiv för övervakning av historiska rumstidsmönster i urbanisering.

KTH-SEG, en avancerad segmentmetod vidareutvecklas för multiupplösnings-segmentering av Sentinel-1A SAR och 
Sentinel-2A MSI uppgifter baserade på kantmedveten regionstillväxt och sammanslagningsalgoritmer med parallella 
datorberäkningar. Post-segment klassificeringen utförs av av stödvektormaskiner. KTH-Pavia Urban Extractor, den 
föreslagna dataförädlingskedjan för utvinning av stadsutsträckning omfattar utvinning utifrån rumsliga index och s.k. Grey 
Level Co-occurrence Matrix (GLCM) mönster, en befintlig metod och flera förbättringar dvs, parallella beräkningar, radar 
och optiska data förbearbetning, förbättring, fusion och efterbearbetning. Både KTH-SEG och KTH-Pavia Urban Extractor 
kommer att anpassas, förbättras och tillämpas på Sentinel-1A SAR, Sentinel-2A MSI data samt fusion av dessa. Två 
användare, enheten för samhällsplanering på Länsstyrelsen i Stockholm och National Geomatics Center i Kina (NGCC) vid 
National Administration of lantmäteri, Kartläggning och Geoinformation i Peking, har åtagit sig att delta i projektet. Detta 
ger oss en unik möjlighet att bättre förstå användarnas behov och att utveckla välbehövliga urbana tjänster för att stödja 
planering och beslutsfattande.

Denna forskning och utveckling förväntas ge en pilot global urbana tjänster demonstrator genom att använda 
multitemporal Sentinel-1A SAR och Sentinel-2A MSI uppgifter. Projektet kommer att bidra till i). bättre förståelse av de 
urbana produkter och tjänster som användarna behöver; ii). utveckling av nya och robusta metoder och algoritmer för 
förbättrad urban information för planerare för att stödja intelligent och hållbar stadsutveckling; ; iii). bättre förståelse av 
kapaciteten i Sentinel-1A SAR och Sentinel-2A optiska data för detaljerad stadskartläggning av marktäcke och 
urbaniseringsövervakning; iv). Måluppfyllelse och aktivitet inom GEO SB-04 Global Urban Observation and Information 
Task and GEO SB-02 Global Land Cover Task.

Number of project years*
3

Calculated project time*
2016-01-01 - 2018-12-31

Project period

Classifications
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SCB-codes* 2. Teknik > 207. Naturresursteknik > 20703. Fjärranalysteknik

Keyword 1*
Sentinel-1A SAR

Keyword 2*
Sentinel-2A MSI 

Keyword 3*
Data Fusion

Keyword 4
KTH-SEG and KTH-Pavia Urban Extractor

Keyword 5
Global Urbanization Monitoring

Select a minimum of one and a maximum of three SCB-codes in order of priority.

Select the SCB-code in three levels and then click the lower plus-button to save your selection.

Enter a minimum of three, and up to five, short keywords that describe your project.
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Reporting of ethical considerations*
Not applicable

The project includes handling of personal data
No

The project includes animal experiments
No

Account of experiments on humans
No

Research plan

Ethical considerations

Specify any ethical issues that the project (or equivalent) raises, and describe how they will be addressed in your research. 
Also indicate the specific considerations that might be relevant to your application.

Research plan
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EO4Urban: Multitemporal Sentinel-1A SAR and Sentinel-2A MSI Data  
for Global Urbanization Monitoring 

 
1. Introduction and Research Objectives 

 
For the first time in history, more than half of the people on the planet - roughly 3.5 billon human 
beings - live in cities.  By 2030, the world is expected to add an additional 1.4 billion urban dwellers 
(United Nations, 2011).  Stockholm, the largest city in Scandinavia, has experienced substantial 
urban growth over the past few decades with a population increase at 18% between 1990 and 2010. 
On the other hand, China, the most populous country on earth, has been in transition from a largely 
rural society to a predominantly urban one since 1980s (Fig. 1). With the urbanization rate at 50%, 
now China has 89 cities with a population of a million or more while the United States has 37 and 
India 32.  As a result, huge areas of arable land, forest, and grassland, as well as numerous bodies of 
water, have been used in new ways to meet strong demand stemming from urbanization and 
industrial development. With rapid development of the economy and urban expansion, these areas 
have suffered environmental pollution, ecological deterioration, and loss of ecosystem services. 
Rapid urbanization is also an increasing trend in other Asian countries as well as in African, North 
and South America. Thus, accurate and timely information on the rate and distribution of 
urbanization around the world is of critical importance to support sustainable urban development.   
 

 
Fig. 1.  Urbanization in Shanghai, Left: Landsat image from 1979; Right: HJ-1B image from 2010 

 
Despite the growing importance of urban land in local, regional to global scale environmental studies, 
it remains extremely difficult to map urban areas at multi-scales due to the heterogeneous mix of land 
cover types in urban environments, the small area of urban land relative to the total land surface area, 
and the significant differences in how different groups and disciplines define the term ‘urban’. At 
present, the information urban planners and decision makers needed to support planning activities 
are either non-existent, dated or collected through time-consuming field survey or visual 
interpretation of images. With its synoptic view and the repeatability, Remote sensing can reveal 
spatio-temporal growth trajectories of cities, thus allow a thorough understanding of the impacts of 
urbanization on ecosystems and ecosystem services. Since the launch of Landsat-1 in 1972, a large 
number of earth observation (EO) satellites have been launched. With the recent launch of ESA 
Sentinel-1A and planned launched of Sentinel-2A, high resolution SAR and optical data with global 
coverage and operational reliability become routinely available. They provide excellent opportunity 
to develop novel methods and algorithms for developing urban services and products at local, 
regional and global scales. 
 
Various studies have investigated the magnitude, patterns, and types of changes in urban regions with 
remote sensing images and spatially explicit data (e.g., Liu et al. 2005a, Liu et al. 2005b, Durieux et 
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al. 2008, Ban & Yousif, 2012, Ban & Jacob, 2013). However, the interpretation and analysis of urban 
land cover change using satellite imagery still presents many challenges because of the spatial and 
spectral heterogeneity of urban environment. Although urban areas could be extracted from time-
series global land cover (GLC) databases, each of the datasets that have emerged during the last 
decade (e.g, GLC2000, GlobCover) suffers from limitations related to these scale and definitional 
issues (Fig. 2). Moreover, the maps differ by an order of magnitude in how they depict urban areas 
(0.3 million km2 for Vector Map to 3.5 million km2 for the Global Rural–Urban Mapping Project). 
The extreme variability in these estimates calls into question the accuracy of each map’s depiction of 
urban and built-up land, and yet past efforts to validate the maps have been minimal (Schneider et al., 
2009).  Recently, China produced a 30m global land cover map using Landsat TM/ETM+ data with a 
promising overall accuracy of 65% (Gong et al., 2013). For the 2010 classification, however, 74% of all 
Landsat data were from 2006 to 2011 and majority of the data were from non-summer season.  Several classes 
including impervious areas were poorly classified. Some of the accuracies for impervious lands fall below 
20%.with a barely 10.5% producer’s accuracy and 30.8% user’s accuracy (Gong et al, 2013).  Therefore, 
there is an urgent need to development effective method for extracting urban areas from satellite data 
in high accuracy. 

 
Fig. 2 Variations of Global urban maps due to Scale: e.g. Guangzhou, China (Schneider et al., 2009) 

 

The overall objective of this research and development is to evaluate multitemporal multi-resolution 
Sentinel-1A SAR and Sentinel-2A MSI data for developing a pilot global urban services based on 
user requirements in support of sustainable urban development.  The specific objectives are to: 

• have a better understanding of user requirements for urban products and services; 
• develop novel and robust methods and algorithms for producing user needed products and services, 

i.e., detailed urban land cover mapping and urbanization monitoring using Sentinel-1A SAR and 
Sentinel-2A data  

• evaluate the capacity of multitemporal multi-resolution Sentinel-1A SAR and Sentinel-2A MSI data 
for urban extent extraction and detailed urban land cover mapping; 

• develop a pilot urban services demonstrator  
•  investigate effective validation methods for validation of the  urban products and services 

 
2.  State of the Art 

Object-based Classification 
As a traditional classification method, pixel-based methods are commonly employed for image 
classification and information extraction. However, for high resolution optical and SAR data, pixel-
based approach often results in “pepper-salt” effects due to the high variance of the pixel values 
(Solaiman et al. 1998).  Object-based methods, on the other hand, have been increasingly adopted in 
urban and land cover using high-resolution optical data (Blascke, 2010), SAR data, e.g. (Hu & Ban, 
2012, Niu & Ban, 2012) and fusion of SAR and optical data e.g. (Ban et al., 2010, Vu & Ban, 2010) 
since more information such as object features and spatial relationships could be explored in the 
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analysis thus improved classification accuracy.  The existing automatic image segmentation 
techniques can be classified into four approaches, namely, 1) thresholding techniques, 2) boundary-
based methods, 3) region-based methods, and 4) hybrid techniques (Fan et al., 2001, Carvalho et al., 
2009)The pros and cons of the techniques are discussed in(Blascke, 2010) and (Fan et al., 2001).  The 
most commonly used segmentation methods is region growing and merging in eCognition(Blaschke, 
2010). Such method often results in segments growing across region boundaries.  Boundary-based 
methods using edge detection such as Canny edge detector are also explored for image segmentation 
(Senthilkumaran & Rajesh, 2009).  Several studies found that integrating edge and region detection 
can produce better segmentation of images (Tabb & Ahuja, 1997; Yu and Clausi, 2008; Yu et al., 
2012) than region-based and boundary-based method.  However, these studies used relatively simple 
images such as photographs of faces, flowers and buildings, not the complex Spaceborne SAR and 
optical data in challenging urban, land cover and coastal water environments. Therefore, further 
research is needed to develop robust methods for segmentation of SAR and optical data that 
integrates edge detection and region growing and merging.  An initial study showed promising results 
using KTH-SEG (Fig. 3), an edge-aware region growing and merging algorithm (Ban and Jacob, 
2013). Further development of this method will be carried out in this research to make it more robust, 
automatic and with multi-resolution segmentation capability using parallel computing. 
 

 
Fig. 3. KTH-SEG: an edge-aware region growing and merging algorithm 

 
Urban Extent Extraction 
Very High Resolution optical and/or SAR imagery and object-based approaches dominate urban 
remote sensing at the local level (e.g., Gong et al., 1992; Jacquin et al., 2003; Ban et al., 2010; 
Moran, 2010; Gamba et al., 2011; Niu and Ban, 2013) while Landsat, ENVISAT ASAR, MERIS as 
well as MODIS or nighttime light data and pixel-based techniques are mostly used for regional and 
global analysis (e.g., Lu et al., 2008; Elvidge et al., 2009; Esch et al., 2010; Arino, et al., 2010; Friedl 
et al., 2010; Schneider et al., 2010; Wang et al. 2010; Zhang and Seto, 2011, Chen et al., 2012; 
Taubenböck et al. 2012; Wang, et al., 2012; Gamba and Lisini, 2013).  One of the recent 
developments are moving towards global urban extraction using optical data at very high spatial 
resolution.  For examples, Pesaresi et al. (2011) developed a texture-based algorithm to extract urban 
extent of over 40 cities around the globe using Ikonos and QuickBird panchromatic data resampled to 
a nominal resolution at 10 m.  The technique is promising, but true global mapping with such data 
remains a challenge due to the huge amount of data and computations involved as well as data 
availability issue due to cloud cover.  Compared to optical data, SAR data have not been equally 
explored in urban applications due to the complexity of their interactions with diverse urban features.  
With its all-weather/illumination capability and its unique information content, however, SAR data 
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have been increasingly investigated for global urban extent extraction at various spatial resolutions 
with promising results. For examples, Gamba et al. (2011) developed a method to extract global 
urban area extent from SAR images. The proposed approach utilizes a group of spatial indices, i.e., 
Moran’s, Geary’s, and Getis’ together with GLCM-based textures (i.e., correlation and variance) for 
urban extent extraction. The method has been tested in different set of SAR images produced using 
different sensors (e.g., POLSAR, RADARSAT-1, TerraSAR-X, COSMO/SkyMed, etc.), with 
different spatial resolutions that cover different cities around the world with promising results.  Esch 
et al. (2012 and 2013), on the other hand, developed a method to extract global urban settlement from 
TanDEM-X images at 12m spatial resolution. The method consists of three main steps: (1) textural 
information extraction that can be used to highlight built-up areas; (2) unsupervised classification of 
built-up/non built-up areas that takes into account both backscattered amplitude and the extracted 
textural information; (3) a final step that focuses on post-processing and mosaicking to produce a 
final urban map. The proposed methodology was evaluated using images that cover New Delhi, 
Munich, Buenos Aires, Nairobi, and Padang with an overall accuracy up to 94.8% achieved.  On-
going efforts are currently undertaken to produce a consistent global map of human settlements at a 
few meters’ spatial resolution, but the final results are yet to be achieved.  Even when these maps are 
released, it is still desirable to develop method for urban extraction using Sentinel-1A SAR, 
ENVISAT ASAR or ERS-1/-2 data since these data are easily available and free of charge, plus 
ENVISAT ASAR and ERS-1/-2 data could provide global urban maps from earlier time when 
TerraSAR-X or TanDEM-X data were not available. 
 
As a comprise between the spatial details and the amount of data and computation, Gamba and Lisini 
(2013) developed an efficient method for urban areas extraction using ENVISAT ASAR wide swath 
mode at 75m resolution aiming to improve GlobCover 2009 urban mapping results.  The method 
consists of three phases: (1) preprocessing, i.e., multitemporal images filtering, averaging, and 
equalization; (2) urban extraction, i.e., seed extraction and region growing; (3) post-processing, i.e., 
DEM-based correction, hole filling, and aggregation to 300m spatial resolution.  Test areas from 
around the world were used to evaluate the efficiency of the proposed approach and overall 
accuracies up to 94.8% were achieved using validation data of 1000 randomly selected points.  The 
results are very encouraging, but the method requires a large volume of multitemporal SAR data (10-
50 images) as the algorithm is based on amplitude values only, thus the denser the time series data, 
the better the accuracy.  The above literature analysis indicates a strong need of robust and 
operational methods for global urban extraction using a small number of SAR images at higher 
resolution.  Therefore, it is desirable to evaluate Sentinel-1A SAR and fusion of Sentinel-1A SAR 
and Sentinel-2A MSI for improved global urban mapping using a robust processing chain, the KTH-
Pavia Urban Extractor. 

 
3. Study Areas and Data Description 

3.1  Study Areas 
 
Ten cities around the world were selected to represent developed and developing cities in various 
environmental conditions in all continents except Antarctica. Coastal cities include Jakarta, Lagos, 
Mumbai, New York, Rio de Janeiro, Stockholm, and Sydney while inland cities include Beijing, 
Mexico City and Milan. Several cities are mountainous or surrounded by mountains while the rest are 
in relatively flat areas.  Some of the cities are under rapid urbanization while others grow relatively 
slowly.  Among the 10 cities, urban services and products from Stockholm and Beijing will be 
assessed rigorously by end users while the rest will be evaluated by the project team. 

3.2 Data Acquisition Planning and Description.  
Multitemporal multi-resolution Sentinel-1A SAR and Sentinel-2A MSI data will be acquired for all 
cities in 2016-2018 during the vegetation season to maximize the difference between urban and rural 
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areas.  Ideally, multi-date, dual polarization data from both ascending and descending orbit are 
needed to evaluate the potential of SAR data for improved urban land cover mapping and urban 
extraction. Historial ENVISAT ASAR and ERS-1/2 SAR data will also be collected for urbanization 
monitoring.  All data are available free of charge. 
 

• Multitemporal multi-resolution Sentinel-1A C-band SAR data during vegetation season 2016-
2018 (Strip Map Mode: 5 x 5 m spatial resolution, & Interferometric Wide Swath: 5x20 m spatial 
resolution) 

• Multitemporal multi-resolution Sentinel-2A MSI data during vegetation season 2016-2018  
(Visible +NIR: 10m and SWIR: 20m resolution) 

• ENVISAT C-band ASAR, ESA archive, during vegetation season, 2003-2012 
• ERS-1/2 C-band SAR, ESA archive, during vegetation season, 1991-2011 
• Reference data: will be collected through User organization and/or and field Data in selected 

urban areas. 
4. Methodology 

 
The methodology to be employed in this research involves multi-scale analysis of multitemporal 
Sentinel-1A SAR, Sentinel-2A MSI and historical ESA SAR data (Fig. 4) including image 
processing, object-based image classification, urban extent extraction, change detection and 
validation/accuracy assessment. 

 
Fig. 4.  Urban extent extraction & land cover classification (Adapted from Gamba et al., 2013) 

 

4.1 Image Pre-processing 
4.1.1 Geometric Correction:  In order to evaluate and compare satellite data from different sensors 
and different dates, each image must be georeferenced to a common database by orthorectification 
using satellite orbital models and a digital elevation model (DEM). 
4.1.2 Speckle Filtering: Multitemporal speckle filtering will be performed on all SAR data to remove 
speckle.  
 
4.2 Object-based Classification of Multitemporal Multi-Resolution SAR & MSI Data  
An initial study showed promising results using KTH-SEG, an edge-aware region growing and 
merging algorithm and the object-based classification accuracies are slightly better than eCognition, 
the most commonly used segmentation software (Ban and Jacob, 2013). Further development of this 
method will be carried out in this research to make it more robust and automatic, in multi-resolution 
to be processed in parallel.  
 
4.2.1 KTH-SEG: An Edge-Aware Region Growing and Merging Algorithm 
The proposed improvements of KTH-SEG is shown in Fig. 5, including the following: Edge 
Detection using Canny Edge Detector, Seed Selection, Multi-resolution Segmentation and parallel 
computing. 
 

SAR adapted homogeneity parameter: Most segmentation tools are developed for optical data and are 
in general using statistical moments derived from normal distribution models. The nature of SAR 
data is fundamentally different with the presence of speckle. Log-normal distribution or fisher 
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distribution, for examples, would be better suited for SAR, especially in the high complex urban 
environments (Tison et al., 2004). It is expected that introducing statistical moments derived from 
these types of distributions for the computation of the homogeneity parameters for SAR will improve 
the segmentation result.  
 

Edge Detection: Instead of the Sobel filter, the canny edge detector will be used for edge detection.  
The canny edge detector is based on a sequence of image processing procedures to extract the most 
significant edges and improve their quality with gap filling operations.  It can be based on any kind of 
high-pass filter such as the Sobel filter. 
 

Multi-Resolution Segmentation: As different ground features have different object size, multi-
resolution segmentation is necessary.  The idea is to start with a detailed segmentation, then these 
segments are used as the input for a second iteration through the segmentation starting from the 
mutual merging. The link between the initial detailed segments and the resulting coarse segments will 
be saved by a updated member list which saves only the primary key of the initial segment. Because 
the coarse segments are always based on the detailed ones there will be no conflict in terms of the 
outer border of the two sets of segments when superimposing them. Then both sets of segments will 
be classified individually and rules will be defined to decide what will be the final class.  
 

Parallel Computing: The segmentation algorithm of KTH-SEG is designed to be processed in parallel 
making use of an advanced tiling scheme that avoids edge effects between the borders of two 
different adjacent tiles. The growing phase can hence easily be parallelized and every tile is 
segmented by itself first before merging into a bigger context of the adjacent tiles and regions. There 
are also ways of parallelizing the merging phase which are planned to be investigated further. It is 
planned to utilize GPU-computing and cluster-computing approaches for this parallelization. 
 
4.2.2 Classification by Support Vector Machines (SVM) 
SVM proved to be superior to other classifiers in classification of multispectral, hyperspectral and 
SAR data, this will be used for classificaiton in this research. SVM seeks to find the optimal 
separating hyperplane between classes by focusing on the training cases that lie at the edge of the 
class distributions, the support vectors, with the other training cases effectively discarded. Thus, not 
only is an optimal hyperplane fitted, but also the approach may be expected to yield high accuracy 
with small training sets, a very advantageous feature. The basis of the SVM approach to classification 
is, therefore, the notion that only the training samples that lie on the class boundaries are necessary 
for discrimination. 
 
4.3 KTH-Pavia Urban Extractor 
KTH-Pavia Urban Extractor, the proposed processing chain for urban extent extraction includes urban 
extraction based on spatial indices and Grey Level Co-occurrence Matrix (GLCM) textures, an existing 
method and several improvements i.e., SAR and optical data preprocessing, enhancement,  and post-
processing. The detailed methodology can be found in Fig. 6 below. The method has been preliminarily 
tested on ENVISAT ASAR data, and the results showed urban areas can be automatically extracted 
in good accuracy with only 1-2 ASAR images (Ban et al., 2014).  This method will be further 
developed for multitemporal multi-resolution Sentinel-1A SAR data and in combination with 
Sentinel-2A MSI data. It is expected that existing issues with missed detection of low-density built-
up areas will be resolved using higher resolution Sentinel-1A SAR and integrating SAR texture 
features and Sentinel-2A NDVI. Senitnel-2A MSI data can also be utilized to robustly extract water 
bodies that planners need for flood risk assessment and climate change adaption. The water bodies 
can also be used as water mask in urban extraction. 
 
4.4 Urban Land Cover Change Detection 
Effective automatic pixel-based and object-based change detection algorithms developed within the 
ongoing project 'Change Detection in Urban Areas Using Multitemporal Spaceborne SAR and Fusion 
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of SAR and Optical Data ' (funded by the Swedish National Space Board, 2012-2014, PI : Yifang 
Ban) will be used in this research to detect new built-up areas, monitor changes in urban green 
structures and temporal changes of water bodies as required by the end users. 
 
a 

Fig. 5.  KTH-SEG: Multi-Resolution Edge-Aware Region Growing and Merging Algorithm 
 

 
Fig. 6.  Overview of the Methodology for Urban Extent Extraction 

 
4.5 Validations and Accuracy Assessment 
The land-cover classifications and changes will be validated based on the following three approaches: 
1). Validation using existing reliable data such as Swedish and European CORINE land cover and 
NGCC’s GlobalLand Cover at 30m resolution; 2). Random sampling based on high resolution 
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images and field survey; and 3). Validation using GeoWiki, a crowd sourcing tool; 2). The three 
validation methods will be compared for accuracy assessments of the urban land cover classification, 
urban extent extraction and change detection results.  User evaluations will also be performed to 
assess the reliability, usability and benefits of the urban products and services. 
 
5. Significance 
This research and development is expected to produce a pilot global urban services demonstrator 
using multitemporal Sentinel-1A SAR and Sentinel-2A MSI data. The project will contribute to i). 
better understanding of the urban products and services that the users require; ii). development of 
novel and robust methods and algorithms for improved urban information for planners to support 
smart and sustainable urban development; ; iii). better understanding of the capacity of Sentinel-1A 
SAR and Sentinel-2A optical data for detailed urban land cover mapping and urbanisation monitoring; 
iv). the goals and activities of GEO SB-04 Global Urban Observation and Information Task and GEO 
SB-02 Global Land Cover Task. 
 
6. Role of Researcher and Preliminary Results 
Yifang Ban: project leader and methodology development 
Alexander Jacob: methodology development and implementation 
The preliminary urban extraction results (Figure 7) showed that urban areas and small towns 
could be well extracted using a single-date Sentinel-1A SAR data with the KTH-Pavia urban 
extractor. It is expected that the results will be further improved using multitemporal Sentinel-1A 
SAR data when more data become available. 

 
7.  International and national collaboration 
KTH researchers is working closely with collaborators at University of Pavia in Pavia, Italy and two 
users, the Urban and Regional Development Department at the Stockholm County Administrative 
Board (SCAB) in Stockholm, Sweden and National Geomatics Center of China (NGCC) at the 
National Administration of Surveying, Mapping and Geoinformation of China in Beijing, China.   
 
Yifang Ban is also collaborate with the international researchers through European Space 
Agency’s Dragon 3 Program and GEO SB-04 Global Urban observation and information and 
GEO SB-02 Global Land Cover Tasks, for examples: 
• Prof.  Paolo Gamba, University of Pavia, Italy 
• Prof. Peng Gong, Tsinghua University, China 
• Prof. Qihao Weng, Indiana State University, USA 
• Prof. Chen Jun, National Geomatics Center of China 
• Dr. Thomas Esch and Dr. Hannes Taubenböck, German Aerospace Center (DLR), Germany. 

   
Fig. 7.  Urban extractions using Sentinel-1 SAR data, Left: Milan, Italy & Right: Nanchang, China. 
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Curriculum Vitae: Yifang Ban 

1.  Higher Education Degrees 
1984 Nanjing University, Nanjing, China, BSc (with Honors) in Computer Cartography 
1987 Nanjing University, Nanjing, China, MSc in Remote Sensing & GIS 
 

2.  Doctoral Degree 
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   Department of Urban Planning and Built Environment, KTH  
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