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Chapter 6

SUMMARY

This research introduces the wavelet transform for the use in scale study in remote sensing and answers three research questions addressed in chapter 1. Three specific objectives corresponding to the three research questions are answered. They include: 1. exploration of wavelet method for scale-dependent analysis of remotely sensed imagery; 2. examination of the relationships between wavelet coefficients and classification accuracy for different resolution and its use in improving the classification accuracy; and 3. multiscaling analysis and stochastic down-scaling of a grassland SPOT-4/VEGETATION image by using a combined wavelet transform and multifractal model. 

In chapter 3, a wavelet-based method is developed for scale-dependent analysis on remotely sensed imagery. The root mean square energy of the wavelet coefficients (WRMS) at each resolution is calculated and plotted against resolutions to investigate the spatial heterogeneity for different resolution at three directions: horizontal, diagonal, and vertical. The root mean square energy of the wavelet variance map (the sum of absolute value of wavelet coefficients at three directions) is employed to indicate spatial variability of an image. Three kinds of land cover types, grassland, urban and forest, are used as examples for testing the wavelet-based method. Also four standard, commonly used mother wavelets - Haar, Daubechies, Bior, and Symmlet are selected to assess the differences of various wavelet functions for scale-dependent analysis. The study shows that only the results obtained from Haar wavelet-based methods are close to those of local variance and a semivariogram. With the Haar wavelet-based method, one finds that different directions have different peak ranges for the wavelet coefficients/resolutions curve. This indicates that a satellite image has non-isotropic properties. The results also indicate: 1. Haar wavelets provide a method for selection of optimal sampling size; 2. the second peak in the graph of Haar wavelet may be related to the spatial difference between the objects in an image. 

In future studies additional wavelet basis functions may be designed since there is an infinite set of possible wavelet functions. One example may be to construct a wavelet basis function according to the point spread function (PSF) of satellite sensor. The advantage of using PSF as oppose to a simple averaging filter such as the Haar wavelet is that the PSF simulates the sensor response more closely.

Chapter 4 examines the relationship of wavelet coefficient and classification accuracy for satellite images at different resolutions. Also a wavelet based method for assessing and increasing the classification accuracy is proposed. The results show there is a good relationship between classification accuracy and wavelet local variability. High/low wavelet coefficients reflect low/high classification accuracy in each land cover types. The relationship of mixed pixel in terms of pixel error percentage and wavelet coefficient at different resolutions is investigated. The results indicate that the accumulated wavelet coefficients for different resolutions have a higher correlation values with pixel error percentage than the wavelet coefficients. 

A way to benefit from this increased information content is to extract wavelet coefficients across several scales so that the image’s properties at multiple resolutions can be used as additional input for the classification exercise. This additional input leads to improvement of classification accuracy. In this investigation, the multiscale wavelet coefficients are included to build context information, which incorporates both the properties across multiple resolutions and the properties of surrounding pixels into the classification. Results show this method improves the overall classification accuracy of land cover by 9%. The classification accuracies of those classes with large regions and high local variability have a relatively higher improvement. However, the inclusion of wavelet coefficients may lead to some boundary pixels being misclassified because wavelets are good detectors of boundary and edges in an image. Therefore, future research will focus on the analysis of those boundary pixels that are misclassified. Because only the Haar wavelet is used in this study, future studies may try other wavelets and compare the results of different wavelets on classification accuracy. Also other classification algorithms along with wavelet coefficients may be used such as neural networks or support vector machine in place of maximum likelihood classifier to evaluate classification accuracy.

The last research objective is developed in chapter 5. A method based on a discrete Haar wavelet analysis is introduced to determine multiscaling/multifractal measures of a SPOT-4/VEGETATION image. In chapter 5, the wavelet coefficients of a remotely sensed imagery are used in place of the image itself to investigate multi-scale properties. The result indicates that the moment-scale analysis of wavelet coefficients can be used to analyze the multiscaling/multifractal properties of satellite image. Based on the investigation of multiscaling properties, a stochastic downscaling method is designed. A non-Guassian process, the so-called fractional Levy distribution is introduced as an appropriate candidate to reproduce the behavior observed in the Haar wavelet coefficients. The parameters of Levy distribution can be obtained from a multifractal model. 

When comparing the simulated images to the ‘real’ images, which here are the resampled images obtained from the original high resolution image (20m resolution), the model shows good simulation results. However the downscaling method changes the variance of real image but keeps the same range. Because the Levy distribution has an increased ability to simulate the data extremes, noise in the simulated image is unavoidably generated. Therefore, to improve the performance of the method, an adaptive box filter is incorporated into the downscaling method. 

The results show: 1. the wavelets provide us with an alternative tool to study the scaling behavior of images, specifically, that the moment-scale analysis of wavelet coefficients can be used to investigate the multifractal properties of an image; 2. the stochastic down-scaling model based on wavelets and multifractals replicates the high resolution image showing similar statistics and structural information. 

In future studies, one may extract the multifactal parameters of other land cover types and simulate more complex scenes with different vegetation cover type.

All the results indicate that the wavelet transform provides a very useful tool for upscaling and downscaling image datasets for remote sensing studies.
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