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Chapter 1

INTRODUCTION

1.1   Introduction

Scale is a timely and significant topic of inquiry in remote sensing. Lam and Quattrochi (1992) summarized several common connotations of scale. The meaning of scale may have a variety of definitions depending on the nature of the research. Scale, expressed as resolution in remote sensing, is the size of the smallest distinguishable part of a spatial data set. The size of a ground object that is detectable within an image is a function of the image’s spatial resolution, which is determined by the sensor’s effective pixel size or instantaneous field of view (IFOV) (Forshaw et al., 1983; Woodcock et al., 1988; Belward, 1992, Schowengerdt, 1997). The higher the resolution of a remotely sensed image, the more detail it provides. In the last two decades, the development of remote sensing technologies and the availability of a variety of data obtained from many different remote sensing platforms and sensors require the need of scale study in remote sensing. Previous studies in the literature have highlighted many issues related to scale in remote sensing. Three major issues emerging from these studies are: 1) how to process scale dependency, an inherent property of geographic phenomena - “The scale-dependent nature of the phenomena under observation must be known to guide the collection, processing, and interpretation of remotely sensed data” (Davis et al., 1991); 2) how to improve classification accuracy across scales/resolutions; and 3) how to use low spatial resolution remote sensing data to monitor and model important terrestrial processes. In this thesis, wavelet transform is introduced into the realm of scale analysis for remote sensing application. 

Wavelet theory was formalized by geophysicists in the early 1980s. Today, the use of wavelet has become pervasive in mathematics, physics, digital signal/image processing, and geophysics (Xia and Clarke, 1997). The wavelet transform leads to the concept of multiscale analysis, where images are decomposed into structures and then analyzed at successive scales (or spatial resolutions). When the wavelet transform is applied, an image is decomposed into three detailed images and an approximation image. If the transform is continued, the approximation image is in turn decomposed further into three detailed images and another approximation image (Djamdji and Bijaou, 1995; Darrozes et al., 1997). The respective summed weights of the wavelets are called the wavelet coefficients (Young, 1993; Burrus and Gopinath, 1995). Wavelet coefficients are a measure of the intensity of local variations of the image for that individual scale. The value of a coefficient for a particular location at any scale can be understood as characterizing the image structure at a chosen scale (Ranchin and Wald, 1993). Applications of the wavelet transform in geographic remote sensing are just in their initial stage. Only a few papers have been published on this topic. Djamdji and Bijaoui(1993, 1995) used wavelet to develop a new method of automatic registration of different sets of data acquired with the same sensors as well as different sensors at different resolutions. Lindsay and Percival (1996) applied the wavelet transform to Landsat TM data and analyzed the surface scale properties of sea ice. Ranchin and Wald (1993) illustrated the use of the wavelet transform in multiresolution analysis of remotely sensed images and they used wavelet transform to successfully analyze the structure of a SPOT image. The collective results showed that the wavelet transform can be used to analyze the scale properties of remote sensing image.

In the next section, some definitions of terms related to scale are given. The research questions and motivations are addressed in section 1.3 and section 1.4 respectively. In Section 1.5, the objectives of this research are stated. Section 1.6 presents the structure of the thesis.

1.2  Definition of terms

In this thesis, the following definitions related to scale issue are used:

1) Scale: the term ‘scale’ refers to the spatial resolution of remotely sensed image. Scale, and spatial resolution are used synonymously in the context of this thesis.

2) Scaling: Scaling is used to indicate processes for changing the spatial resolution of raw remote sensing data and their derivatives (e.g. vegetation index, land cover).

3) Upscaling and down-scaling: Upscaling refers to change from a fine to coarse resolution (Aman et al., 1992). Down-scaling is defined as the extraction of subpixel information from coarse-pixels or the change from a coarse to fine resolution.

4) Scale dependency and scale-dependent: an inherent property of geographic phenomena. If the geographic pattern under observation varies with scale, the geographic phenomenon is considered scale-dependent (Cao and Lam, 1997).

1.3 Research questions

Wavelet analysis is employed in this research for scale analysis in remote sensing.  This research addresses the following questions:

1. Can the wavelet transform be used to effectively examine scale effects in remotely sensed images of the earth’s surface?

2. Is there any significant relationship between wavelet coefficients and scale effects on classification accuracy? If such a relationship exists, how can this be used to improve the classification accuracy?

3. How can an image be downscaled by using wavelet transform when combined with multifractal analysis?

1.4 Motivations

1. Spatial resolution is one of the fundamental considerations concerning the nature of remotely sensed data. Each particular scale corresponds to a measured level of geographical detail.
2. Spatial variation in a remotely sensed image is a function of the spatial resolution (Townshend and Justice, 1988, 1995).
3. Remote sensing data has been widely used to test hypotheses regarding the landscape structure and scale dependence of biophysical and environment processes.
4. The wavelet transform provides an efficient characterization of the structures and a complete description of the local variability of remotely sensed images  (Ranchin and Wald, 1993).
5. Wavelet multiscale decompositions are well adapted to test the self-similarity of satellite images and their fractal/multifractal properties (Misiti and Misiti, 1995; Bacry and Arneodo, 1993).
1.5 Objectives

The main objective of this research is to develop wavelet methods to analyse the effect of scale in remote sensing. Specific objectives are fulfilled according to the three research questions described above. They included:

1. Exploration of the wavelet method to analyse the scale dependency of remotely sensed imagery.

Scale or resolution is an important factor that plays an important role in the use of remotely sensed imagery for remote sensing and GIS research (Cao and Lam, 1997). There are many issues related to scale in remote sensing. One of the major issues from previous studies is to examine scale dependency, especially the changing pattern of an image scene as a function of changes in resolution (Cao and Lam, 1997; Townshend and Justice, 1985, 1988, 1995). To this end, a wide variety of techniques including fractal analysis (DeCola, 1989; Lam and Quattrochi, 1992; Xia et al., 1997), semivariogram (Curran, 1988; Woodcock et al., 1988), local variance (Woodcock and Strahler, 1987), and simplified scene models (Friedl, 1997) have been used.

In this study, a new method based on wavelet transform is proposed. Wavelet coefficients are employed to study scale dependency of satellite images. When a wavelet transform is applied to an image, the image can be decomposed into an approximation image and three detail images at coarser resolution. The detail images reflect the local variability change in three horizontal directions with changing scale. Previous studies showed that wavelet coefficient images can be used to detect singularities and edge information (Mallat and Hwang, 1991), to extract texture information (Mallat, 1989) at different location and scales, and generally to compare local variability as a function of scale. The root mean square energy of the wavelet coefficients (WRMS) at each resolution is employed as an index to investigate spatial heterogeneity across scale at three directions: horizontal, diagonal, and vertical. In this study the wavelet-based method is applied to three kinds of land cover types: grassland, urban and forest. The results are compared to results obtained from a semivariogram method. And then, the root mean square energy of wavelet variance (WVAR) maps, which is generated by adding absolute values of three directional wavelet coefficients images, is tested as a possible indicator of spatial variability. The root mean square energy of wavelet variance map at a resolution is called the wavelet local variability measure in this study. The plot of the wavelet local variability measures against resolution is compared to the plot of local variance at the same resolution. Because wavelet transform has an infinite set of possible wavelet functions, in this study, four standard and commonly used mother wavelets: Haar, Daubechies, Bior, and Symmlet were selected to test the possibility of using wavelets to analyze scale dependency and to establish which is best.

2. Examination of the relationships between wavelet coefficients and classification accuracy at different resolutions and the improvement of classification accuracy

There have been a few investigations of how scale affects image classification (for example, Markham and Townshend, 1981; Cushnie, 1987; Sadowski et al., 1977; Christiane et al., 1998; Moody and Woodcock, 1994). They concluded that classification results are not only associated with spatial dependency, but also related to relative location of categories within an image. The spatial heterogeneity and variation are the significant cause for the classification error. No concise error model incorporating spatial dependency and the effect of scale has been developed.  Wavelet analysis may be well suited for such studies because this transform leads to a multi-resolution analysis of an image and provides a measure of spatial local variability of a remotely sensed image at different scale.

In this study, I investigate the relationship between the spatial local variability based on wavelet coefficients and the classification accuracy with changing resolution. A method using wavelet coefficients of evaluating the scale effects on the image classification was designed. A typical way to benefit from this is to extract wavelet features across several scales so that the properties of remote sensing imagery at multiple resolutions can be used for the classification. A new classifier algorithm including wavelet coefficients was designed to improve the classification accuracy.

3. Multiscale analysis and stochastic down-scaling of vegetation image by using wavelet transform and multifractal

With studies of scale dependency in remotely sensed data, monitoring and modeling important terrestrial processes by using low spatial resolution data have been receiving increasing attention. Considerable research has been directed at issues related to down-scaling (Oleson et al., 1995; Atkinson et al., 1997; Foody and Cox, 1994; Foody et al., 1997). Many modeling strategies employ area-integrated estimates of land surface variables inferred from the low-resolution remotely sensed data. Before such modeling approaches can be used with confidence, however, an improved understanding of the interactions among sub-pixel heterogeneity, and biophysical models is required (Running et al., 1994; Friedl, 1997). There has been no systematic study of down-scaling with respect to both spatial and spectral resolution. Recently, a framework based on a multifractal model (Pecknold et al., 1997) has been developed. 

Multifractal can be thought of as a hierarchy of sets, each with its own fractal dimension. Multifractals describe the scaling properties of an environmental field (e.g. an image) by using a non-linear function. The most important point is that multifractal provides new approaches in systematically analyzing the multiscale variability of environmental fields and also downscaling fields to finer resolution with prescribed small-scale variability from coarse image (Li and Lewis, 2002). The multifractal model seems particularly well suited to the issue of scaling within remote sensing. Pecknold et al. (1997) indicated that once the multifractal parameters of a field have been measured, the multifractal method can be used to simulate the type of the field being studied. The simulation results preserve the probability distribution of field values. However the simulation results can not provide the spatial structure information of the studied field. In this study, the wavelet coefficients of a remotely sensed imagery are used to investigate multifractal properties. By using the simplest discrete wavelet, the so-called Haar-wavelet, I generalized the conventional multifractal approach to study scaling properties of images. Based on the investigation of multiscaling properties, I designed a stochastic downscaling method which is used to simulate fine resolution image from coarse resolution image. The simulation results will preserve both statistical information and spatial structure information of a research field.

1.6 Structure of the dissertation

Following a review of wavelet analysis in chapter 2, research objective 1, an exploration of the wavelet method for scale-dependent analysis of remotely sensed imagery, is developed in chapter 3. Chapter 4 examines the relationships between the wavelet coefficients and the classification accuracy at different resolutions and I design a multiscale classifier for improving classification accuracy. The following chapter discusses the third research objective, multiscale analysis and stochastic downscaling of SPOT/VEGETATION images by using wavelet transform and multifractal model. Chapter 6 reviews the results and findings of this research and makes recommendations for future studies. Appendix I mathematically describes one-dimensional Haar wavelets basis functions and a fast algorithm for the wavelet transform is presented in Appendix II.
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