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ABSTRACT Detection of land-cover / land-use changes is an important process in monitoring and managing urban development and natural resources, because it provides quantitative analysis of the spatial distribution in the population of interest. A large number of change-detection techniques have been developed, but little has been done to detect detailed changes, such as urban housing development, using satellite data. In this study a new attempt was carried out to extract urban housing changes from satellite data. For this purpose Landsat TM, SPOT pan and map data were used in the extraction. The two satellite data were merged. A cooccurrence-matrix-based filtering algorithm was developed for the accuracy improvement of the classified houses. An axis-oriented linking method and some logical segmentation methods were developed to complete the classified water areas. Mathematical morphology was used to increase the accuracy of the classified green areas. By integrating the housing information extracted from satellite data and that of a former map, the newly developed houses were highlighted. The new attempt was tested in the urban area of Shanghai, China. The average accuracy of the house extraction was 86 %. KURZFASSUNG Entdeckung von Bodenbedeckungs- / Bodennutzungsänderungen ist ein wichtiger Prozeß für die Überwachung und Verwaltung von städtischer Entwicklung und natürlichen Ressourcen, weil es quantitative Analyse der räumlichen Verteilung liefert. Eine große Anzahl von Methoden der Änderungsentdeckung sind bereits entwickelt, aber wenig ist getan, um detaillierte Änderungen, z.B. städtische Häuserentwicklung, aus Satellitendaten zu erfassen. In dieser Arbeit wurde ein neuer Versuch ausgeführt, um Häuserentwicklung in einer Stadt erfassen. Für diesen Zweck wurden Landsat TM, SPOTpan und Landkarte in der Erfassung verwendet. Die beiden Satellitendaten wurden fusioniert. Ein Cooccurrence-Matrix basierter Filteralgorithmus wurde für die Genauigkeitsverbesserung der klassifizierten Häuser entwickelt. Ein Achse orientierte Verbindungsmethode und einige logische Segmentierungsmethoden wurden entwickelt, um die klassifizierten Wasserflächen zu vervollständigen. Mathematische Morphologie wurde verwendet, um die Genauigkeit der klassifizierten grünen Flächen zu erhöhen. Durch Integrieren der aus Satellitendaten und aus einer früheren Landkarte erfaßten Häuserinformation wurden die neu entwickelten Häuser hervorgehoben. Der neue Versuch wurde im städtischen Bereich von Schanghai, China getestet. Die durchschnittliche Genauigkeit der Häuserextraktion war 86 %.



1. INTRODUCTION Without current information on urban housing development state, an effective urban planning is hardly possible. Satellite remote sensing has displayed a large potential to obtain this information, especially as far as it is concerned that satellite data with up to 1 m spatial resolution are going to be available in the near future (Fritz, 1996; Stoney, 1996). Satellite data have been used to detect the changes of large land-use areas (Su et al., 1992; Jensen et al., 1993; Macleod and Congalton, 1998; Mino et al., 1998; Ridd and Liu, 1998; Prakash and Gupta, 1998). But despite numerous attempts satellite data have unfortunately not been successfully applied to the detailed detection of urban housing state and its development. The reasons for it are:



• Houses in urban areas are very complicated and they are shown more through their structures than through their spectral reflections. • The spatial resolution of satellite data is currently too crude to interpret urban houses clearly. • The digital classification of spatial features is still a difficult problem to solve. This has made the application of satellite remote sensing for use in urban investigation more or less impossible.



To extract urban housing information from satellite data as accurately as possible, a new attempt was carried out, in which multisensor satellite data of Landsat TM and SPOT pan were used, and spatial post-classification programs



were developed. In the extraction of the current housing information, an image merging method was used to integrate the color information of the TM data and the spatial information of the SPOT pan data into the classification. A multispectral classification was carried out. Then the developed specific programs were used to separate the housing information from noises and complete the water areas. By integrating existing map information the dynamic state of urban housing development was extracted. This method was used to detect the urban housing development of the city Shanghai. The result is more detailed than using normal multispectral classification. 2. TEST AREA AND THE USED SATELLITE DATA The test areas was the entire urban area of Shanghai, China, which covers over 30×30 km2 (Figure 1). The land use in Shanghai is very fragmentary and irregular. There are a big and a small river across the city, and many canals in the suburban. The streets in the city are narrow. Most green areas are very small besides some parks. Most houses in the center are small and stand nearly to each other. The rate of the recently built houses, which are bigger and relatively regular, increases from the inside to the outside of the city.



3. THE ATTEMPTED METHOD IN THIS STUDY Landsat TM data are rich in spectral information, but their spatial resolution is too coarse to interpret urban housing information. SPOT pan data are rich in spatial information, houses can be interpreted visually, but their spectral information is not enough for classifying houses and other classes automatically. So the data of the two sensors were integrated used for the extraction. The process of the attempted method is briefly shown in Figure 2. TM
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Figure 1. Test area and the used subsets of TM and SPOT pan data Because of the economy growth the city construction and development reach in the last decade the most dynamic epoch since 1949. From 1980 to 1990 residential houses were built twice as much as that built between 1949 and 1979. Considerable agricultural areas were taken up for residential houses, industry and traffic (Shanghai’s Remote Sensing Office, 1993). Now the construction scale is much bigger and faster than in the 80s. So it is very meaningful and necessary using satellite data to detect the housing development in the city of Shanghai. For the detection of the housing information the Landsat TM band 3, 4 and 7, taken on 18 May 1987, and the SPOT pan image, taken on 25 October 1989, were used (Figure 3).



For the detection of housing information, the TM and SPOT pan data were merged (Figure 3, bottom) using the SVR method (Synthetic Variable Ratio), because the SVR method reproduces the spectral information of the original TM data better than the widely used IHS method and its spatial resolution is not less than that of IHS (Zhang and Alberlz, 1997, Zhang, 1998a). Then houses and other two relevant important classes - green areas and water areas were classified. Since unsupervised clustering method has a visible advantage for classifying heterogeneous classes in high resolution satellite images (Fung and Chan, 1994; Zhang, 1998b; Werner et al., 1998), the unsupervised ISODATA clustering method was used in this study. The classified houses, green areas and water areas are shown in Figure 4b, 5b an 6b. It can be seen obviously that houses can be classified from the merged data more detailed than from the TM data (Figure 4), while green areas and water areas classified from the merged data are worse than from the original TM data (Figure 5, 6). Therefore, houses were classified from the merged data, and green areas and water



areas were classified from the original TM data for the detection of urban housing development in this study.



Accuracy improvement of the classified houses In this study a cooccurrence-matrix-based filtering algorithm was developed for the separation of houses from noises. Different from normal filtering methods, the cooccurrence matrix method was used in this study to describe the spatial relationship of the objects and to filter object classes with different spatial characteristics. The statistical model used for the filtering was: Homogeneity:



HOM =



N −1 N −1



f(i,j) i− j



∑ ∑ 1+ i=0



j=0



where i, j are the coordinates in the cooccurrence matrix space, f (i, j) is the cooccurrence matrix value at the coordinates i, j , and N is the gray value of the input image. Since the cooccurrence matrix is direction dependent, this special character was used to distinguish objects in different directions. Because the classified houses in this study normally lie in the diagonal directions of the image, the four diagonal directions of the cooccurrence-matrix were used. The results filtered in one of the four directions are shown in Figure 7. In comparison with the input image (Figure 8a) the direction dependence of the cooccurrence matrices can be clearly seen from the filtered airport (right) and the railway station (bottom right). The final result filtered in the four directions (Figure 8b) was obtained through logical combination of the four results (Figure 7.a, b, c and d).



Figure 3. The used satellite data (300×180 pixel section, 10 m pixel). Top: SPOT pan data, Middle: TM data, Bottom: merged TM-SPOT data.
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Accuracy improvement of classified classes Although the merged TM-SPOT data and the original TM data were used to classify different classes, the accuracy of the classified results are still unsatisfied for the detection of the housing development: Many other objects were wrongly classified as houses (Figure 4b, Figure 8a) and rivers were extracted brokenly accompanied with many noises (Figure 6a, Figure 9a). So it is necessary to improve the classified classes. In this study specific algorithms and programs were developed for the accuracy improvement of the classified houses and water areas. The mathematical morphological method was used to increase the accuracy of the classified green areas. Because the morphological method is a wide used method (James, 1987; Sternberg and Serra, 1986), it will not be described here.



(b)



Figure 4. Multispectrally classified houses (a) From the original TM data, (b) From the merged data
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Figure 5. Multispectrally classified green areas (a) From the original TM data, (b) From the merged data
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Figure 6. Multispectrally classified water areas (a) From the original TM data, (b) From the merged data
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Figure 7. Results of the cooccurrence-matrix-based filtering in one of the four diagonal directions (600×380 pixel section, 10 m pixel). (a) In the direction north west, (b) In the direction north east, (c) In the direction south east, (d) In the direction south west.
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Figure 8. Comparison of the filtering results using different filtering methods (520×360 pixel section, 10 m pixel) (a) Input image, (b) Result filtered using the cooccurrence-matrix-based method in the 4 diagonal directions and the statistical model homogeneity, (c) Result filtered using normal texture analysis method and the statistical model energy, (d) Result filtered using normal texture analysis method and the statistical model homogeneity.



It is obvious that noises can be better filtered using the cooccurrence-matrix-based filtering method than using normal filtering methods. Visual comparison of the images in Figure 8 shows clearly that the airport (right), the railway station with storehouses (bottom right), the parts of streets (bottom left) and the gymnasiums (top middle) were clearly filtered in Figure 8b, while they were only partially filtered in Figure 8c and d. The advantage of the cooccurrencematrix-based filtering over the normal texture analysis method is shown clearly in this comparison. Accuracy improvement of the classified water areas Because the classified rivers are broken and there are many noises in it (Figure 9a), two tasks have to be fulfilled. One is the connection of the broken rivers, another one is the elimination of the noises. In this study an axis-oriented linking method was developed which can link the broken river segments in any kind of shape without changing the shape of the river (Figure 9b). To eliminate noises in nonwater areas (e.g. shadows, dark roofs, damp places) and noises in water areas (e.g. ships etc.) different segmentation methods were developed. Using the segmentation methods, noises in non-urban areas can be eliminated, ponds and other small water areas can be separated from noises, and noises in big rivers can be eliminated (Figure 9c).



In the axis-oriented method, central axes of river segments have to be extracted at first. Then a operation window is used to detect the beginning pixels of two axes near to each other and to measure the directions and lengths of the axes. When the axes meet the special conditions defined by the user, they can be connected automatically. To avoid wrong connecting as much as possible the axis-oriented connection method is used repeatedly and accompanied with a noise elimination. In the noise elimination, noises were separated from river segments according to their size and form. To separate ponds and other small water areas from noises, a logical segmentation method was used which distinguishes ponds and noises according to the spatial logical relationship between ponds and other classes. For the elimination of noises ("holes") in big rivers a simple and effective method was used which eliminates "holes" in any form and size without changing the shape of the rivers. Further information about the axis-oriented linking method and the logical segmentations can be found in the relevant publication (Zhang, 1998b).



be extracted much more detailed than using the normal change detection methods (e.g., Su et al., 1992; Jensen et al., 1993; Macleod and Congalton, 1998; Mino et al., 1998; Ridd and Liu, 1998; Prakash and Gupta, 1998). 4. ACCURACY ASSESSMENT Accuracy assessments were carried out for all the three classes. (a)



(b)



In the accuracy assessment of the house extraction, 400 random points were assessed in each of three areas with 400×600 pixels. The average user accuracy of the extracted houses is 86,09%, while it was only 58,78% by using multispectral classification. The average Kappa statistic is 0,8519, and it was 0,5423 before the improvement. Both were increased by 30%. By using normal filtering methods, the user accuracy and the Kappa statistic of the best result was only increased by about 17%. After the completion of classified water areas, rivers with breaks till 12 pixel long were linked together and the largest deviation is one pixel. All noises in the big river were eliminated. In the separation of ponds from noises, all the 19 classified ponds in the city were retained. Only one small noise area was wrongly kept as pond, while thousand of noise areas were eliminated. The accuracy of pond extraction is 95%. 5 aerial photos were used for the accuracy assessment of the green areas. The average user accuracy of the extracted street green was increased from 51,4% to 62,4%. The improvement is more than 10%. 5. CONCLUSION



(c)



Figure 9. Accuracy improvement of the classified water areas (1200 ×750 pixel section, 10 m pixel). (a) Multispectrally classified urban water areas, (b) Rivers connected using axis-oriented linking method after the elimination of noises, (c) Urban water areas after logical segmenting ponds from noises and eliminating the noises in big rivers. Detection of urban housing development After the accuracy improvement of the classified houses, water areas and green areas, a relevant land-use map was generated using the three extracted classes. The map shows the state of the urban housing situation of the city Shanghai in 1989. For the detection of the urban housing development between 1982 and 1989 the urban built-up map of 1982 (1:80000) was used. (The urban built-up areas of 1982 can also be extracted from the Landsat TM data of 1982. But these data were not available in this study.) By integrating the housing information of the two maps the new houses built between 1982 and 1989 were highlighted (Figure 10). The result shows that using the new method attempted in this study the urban housing information can



It is obvious that the extraction accuracy of the houses, water areas and green areas in this study is much higher than using the conventional multispectral classification. In the built-up areas not only the newly built areas can be distinguished from the old built-up areas, but also the detailed houses and infrastructures can be recognized in the new built-up areas. This result is significantly more detailed than the normal change detection using Landsat TM data or SPOT XS data, in which only the newly developed urban areas were extracted, while the detail information in the new areas was lost. Therefore, the method attempted in this study is very useful for a rapid estimation of urban housing environment, especially for the metropolitan cities of developing countries. It can be expected that such kind of methods will have a bright future, because satellite data with up to 1 m spatial resolution are going to be available soon and for the classification of the very-high-resolution satellite data spatial feature classification is indispensable. The specific programs developed in this study can also be used in the extraction of other spatial features. By using the new methods it should be possible that even more urban environment information can be automatically extracted



from the very-high-resolution satellite data and the accuracy will be increased considerably.



Figure 10. Urban housing development of the city Shanghai (800 ×470 pixel section, 10 m pixel)
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