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A COMBINED APPROACH TO DETECT URBAN FEATURES FROM MULTI-SPECTRAL AND RADAR DATA Nathalie Long*, Elisabeth Simonetto**, Erwan Bocher*** *



UMR LIENSs and IRSTV, Université de La Rochelle, 2 rue Olympe de Gouge, 17000 La Rochelle, ** IRSTV and L2G – Le Mans, ESGT, Campus Universitaire, 1 Bd Pythagore, 72000 Le Mans *** IRSTV, Ecole Centrale de Nantes, 1 rue de la Noé, 44312 Nantes Cedex 3 ABSTRACT



With increase of urban population, the cities have an impact more and more important on environment. Because of artificial surface, building morphology, economical activities, traffic several natural ecosystem are modified. To analyze this impact, the land covers/land uses have to be identified exactly in an urban area. To reach this objective, remote sensing represents an important and complete source of information. Joint use of radar and optical data allows improving results of classical classification to identify the cover mode. Re-sampled to 1m resolution, the difference between the two classifications is analyzed to detect the confusion in each class corresponding to a land cover/land use. Finally, a vector process allowed to transform the geometry of the results: a polygon aggregates several pixels. Combination of results is also possible with GIS functionalities like contains, intersect, cut, and permits to propose a land cover/ land use description on the study area. Index Terms— Urban remote sensing, SAR, Multispectral, GIS, Multi-source 1. INTRODUCTION Urban sprawl has become an increasingly topic in order to protect environment and reduce alteration of urban development on natural ecosystems. Urbanization has an impact on several processes like hydrology or climatology [1], [2], and competes with agricultural activities. The periurban environment represents a transitional space between urban and rural regions. This complex landscape is characterized by different types of land cover and land use: houses, industrial buildings, collective buildings, farms, roads, natural vegetation, agricultural fields, etc … Satellite imagery represents an essential source of information to analyze this urban fabric. Many studies have shown the possibilities using classification algorithms to identify urban structure and land cover mode. Multi-spectral data are mainly used from Landsat and SPOT satellites with different spatial resolutions depending of local or regional study scale. However, limits to distinguish all surface types and



confusion between different cover modes are established [3], [4], [5]. Less studies use radar data to characterize urban fabric but the SAR system presents some advantages like operated at day or night, with the presence of clouds or fog but it is dependent on the radar frequency, polarization and viewing geometry and limited by its relative coarse spatial resolution [6], [7]. The main objective of this paper is to detect objects and surface types in an outskirt landscape, using multi-spectral and radar data. The optical and microwave sensors have complementary properties to identify urban object and cover mode from spectral responses and micro-textures. [8] propose urban monitoring using multi-temporal SAR and multi-spectral data. They have shown the potential of combining SAR and multi-spectral images to characterize an urban area and improving classification result accuracy. This potential is also demonstrated by [9], [10] and [11]. From [12], certain urban or man-made objects are uniquely detected from radar data (image from RADARSAT-1) and they give additional knowledge to the interpretation of the optical image. The radar and optical data complementary are shown using GIS functionalities. A raster to vector process is applied on classification results allowing comparisons and combinations from OrbisGIS, a free spatial data infrastructure [13], [14]. 2. DATA AND METHODS This paper analyzes the combined use of a multi-spectral image from SPOT 5, taken in June 2006, and SAR data acquired in 2006 by the airborne RAMSES radar sensor of ONERA. It is an X-band image with an incidence angle of 60° and a sub-metric pixel size in both azimutal and range directions, which allows observing lots of urban objects. To validate classification results, the Ortho-photo database produced by the French Institute of Geography (IGN) is used. This database is composed of georeferenced aerial photos taken in 2001, with a 25-30cm of spatial resolution. The study area is located in the south-east of Toulouse outskirt near Ramonville. This scene is composed of large buildings (collective and industrial buildings), residential



houses, natural vegetation, water surface, agricultural fields, road network, bare soil, etc… From multi-spectral image, a supervised classification with the maximum likelihood algorithm is used to identify 4 land covers: trees and small shrubs, buildings, road and bare soil (ENVI software from ITT Visual Information Solutions). From radar data, we use the classical H/alpha wishart classification [15] leading to 8 different classes. According to the previous desired thematic map in 4 covers/land uses, this result is improved using several polarimetric descriptors in the framework of a decision tree [16]. To compare the classification, the grids are re-sampled to 1 m spatial resolution with the nearest neighbour algorithm. This resolution allows conserving details from radar source. A difference between the two grids is computed to define the confusion from the classification method. Finally, a vector process is applied on the two grids: the pixels are grouped and converted in polygons and each polygon is attributed to the right class. GIS Functionalities are also used to combine the polygons from SPOT and radar data to propose a description of land cover. 3. RESULTS



Figure 1: Classified SPOT sub-image displayed with four classes: lawns/bare soil (blue), road/highways and radar shadows (pink), trees and small shrubs (green), buildings and other man-made objects (white).



3.1. Classification results from SPOT image and radar image From the SPOT image, a classification algorithm allows to define the land cover / land use in the study area (figure 1). Compared to the ortho-photo, the cover identification is relatively satisfying (Kappa coefficient of 0,91). The mineral surfaces are correctly separated of vegetative surfaces. The confusion matrix shows difficulties to separate the road class from the building class: around 20% of buildings are included in the road/highways class. With the RAMSES processing, the only H/alpha wishart classification leads to many confusion between the different cover/land uses [16]. Indeed, according to a first analysis where the ground truth was produced by the radar image interpretation, many roofs are recognized as trees (more than 30%) or lawns (more than 10%) and the radar shadows are mixed with pixels corresponding to highways (figure 2). A statistical analysis on several polarimetric descriptors (copolarization and depolarization ratios, anisotropy) permits us to improve this result. However, it was not possible to distinguish most of the highways from radar shadows and confusion between trees and many roofs still exist (around 20%). The overall accuracy was around 77%. In this work, we present a new result where we take into account that the Wishart law is not more valid in the context of very high spatial resolution and we compute the new confusion matrix using the available ortho-image.



Figure 2: Classified radar sub-image displayed with four classes: lawns/bare soil (blue), road/highways and radar shadows (pink), trees and small shrubs (green), buildings and other man-made objects (white). 3.2. Results comparison The spatial resolutions of the radar and SPOT images are different. To compare it, a re-sample to 1 m resolution is



applied. Then, superposing the matrices in the Geographic Information System (GIS), the common / different land cover / land use can be detected and the corresponding surface computed.



classification and concerns 9% of pixels. This confusion is due to a similar radar texture between trees and gravelled flat roofs. This similarity is also observed in the statistical behaviour of different polarimetric descriptors [16] The urban fabric is a very heterogeneous terrain because of the material variety. From SPOT data, difficulties to separate the mineral surfaces like buildings, roads or bare soils appear. Besides, the vegetation by its characteristic reflectance in the near infra-red, is easily identified from SPOT images. On the other hand, the radar data allows identifying better the road/highway.



Figure 3: Difference matrix from SPOT classification and radar classification (in dark blue: class A, in light blue: class B, in medium blue: class C, in yellow: class D) and in white the commons pixels of the two classifications. The other classes concern little pixels and are not presented here. Only, 37% are included in the same class on the two classifications. Four main confusions appear (figure 3): − Class A results of the road/highway and bare soil classes confusion. More than 10% of pixels from SPOT classification are included in the road/highway class and, at the same time, in the bare soil class from radar classification. From SPOT image, it is difficult to distinguish different mineral surfaces like in class B where pixels of building class from SPOT correspond to pixels from bare soil class from radar data (9%). − Class C shows the confusion between the trees and bare soil classes from SPOT image and concerns 26% of pixels. We note in radar classification that the bare soils and the lawns are not distinguished. But from SPOT image, we can select the vegetation like trees, lawns and the bare soils. In our result, a part of the lawns are included in the bare soil class and another in the tree class. − then, Class D shows the incorrect radar pixels of trees classified in the building class from SPOT



Figure 4: a combined classification from SPOT and radar data: lawns/bare soil (blue), road/highways (pink), trees and small shrubs (green with tree symbol), buildings (light grey). 3.4. A vector process to improve the land cover/use identification Certain confusions in the SPOT classification result may be deleted because of the correctly classification from the radar image. In the same way, the errors of radar classification may be cancelled by comparison with the SPOT classification. A combined approach is proposed from a vector process. All pixels from a same class are grouped in polygons. From radar data, the 1m resolution facilitates the formation of little polygons. So, we have deleted building polygons with an area inferior to 100m² and road/highway polygons with an area inferior to 20m².



Then, according to precedent results, we have used GIS functionalities to adjust in space, the polygons from different classes and source between them. For example, to avoid surface overlapping between a SPOT cover and a radar cover, the common surface is erased. Figure 4 proposes a land cover/land use description, result of the classification combination: the road/highway, building and bare soil surfaces from radar data and vegetation surface from SPOT data. Note that the vegetation surface covers partially the bare soil class and corresponds in lawn surface, not detected from radar data in this study and included in the SPOT vegetation class. 4. CONCLUSION Urbanization has an important impact on natural environment. To determine the artificial surface footprint, the satellite imagery is an excellent source of information because of spatial and temporal resolution (to detect land cover change) and multiplicity of sensors allowing exploring and analyzing all the electromagnetic spectrum ranges. In this study, the combination of the radar and multi-spectral data allows to improve the results of classification from the both images with GIS functionalities to determine more accuracy the land cover and the land use in a periurban district. 5. REFERENCES [1] X.-L. Chen, H.M. Zhao, P.-X. Li, Z.-Y. Yin, “Remote sensing image-based analysis of the relationship between urban heat island and land use/cover changes”, Remote Sensing of Environment, 104, pp 133-146, 2006. [2] J. A. Voogt, T. R. Oke, “Thermal remote sensing of urban climates”, Remote Sensing of Environment, 86, pp 370-384, 2003. [3] F.Yuan, K. E. Sawaya, B. C. Loeffelholz, M. E. Bauer, “Land cover classification and change analysis of the Twin Cities (Minnesota) Metropolitan Area by multitemporal Landsat remote sensing”, Remote Sensing of Environment, 98, pp 317-328, 2005 [4] S. Pauleit, F. Duhme, “Assessing the environmental performance of land cover types for urban planning”, Landscape and Urban Planning, 52, pp 1-20, 2000 [5] B. Guindon, Y. Zhang, C. Dillabaugh, “Landsat urban mapping based on a combined spectral–spatial methodology”, Remote Sensing of Environment, 92, pp 218-232, 2004 [6] Z.G. Xia, F.M. Henderson, “Understanding the relationships between radar response patterns and the bio- and geophysical parameters of urban areas”, IEEE Trans. Geosc. Remote Sensing, 35, pp 93-101, 1997
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