Classification of TerraSAR-X imagery for the characterization of Amazon tropical forests
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Abstract. The objective of this study is to analyze the potential of TERRA SAR-X dual images, on the StripMap mode, for classification of forest cover and of land use classes resulting from human activities. The area under study is located in the portions of SW Brazilian Amazon region, Acre State. The StripMap images of TerraSAR-X, dual polarization, were processed in accordance with the following methodological steps: (a) generation of the covariance matrix; (b) application of the Enhanced Lee filter to reduce the speckle noise; (c) targets decomposition technique based on the Cloude and Pottier theorem; (d) thematic classification by algorithm MLC + ICM (Maximum Likelihood Classifier + Iterated Conditional Modes); (e) assessment of classification accuracy by Kappa statistics. This approach has shown the potential of TerraSAR-X images for the discrimination of primary forest, degraded forest, pastures and agricultural areas/bare soil. The best classification was derived from the combination of the image resulting from the amplitude components of the covariance matrix and the entropy image generated from the target decomposition theorem. The overall classification accuracy was 76% and the Kappa value of 0.67, whose analysis were supported by field survey realized simultaneously to the acquisition of the radar images. The state of art of the forest conditions analyzed by X-band radar imagery will be an important tool, together with other frequencies/SAR systems, to subsidize both the inventory and monitoring processes of land use/land cover in Brazilian Amazon. 
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Introduction

The generation of land use and land cover classification maps in tropical area is a typical application in remote sensing using optical satellite data. Due to the relative independence of weather conditions, the past decades have also seen considerable efforts of research done on the use of microwave systems for mapping, inventory and monitoring forest landscape.
To briefly introduce a reader on the concepts and applications of radar data in land cover types, the following papers we recommended: [1] studied multi-polarimetric SAR backscatter for the discrimination of land cover types, discussing those aspects of scattering and attenuation of SAR signals at different frequencies interacting with structural parameters of targets; [2] comparing the use of high resolution SAR images (X, C, L and P-bands) in different polarizations for the classification of tropical forest types and non-forest, report one performance accuracy of classification of 63% using X-band data and classification results of up to 88% using three SAR frequency and polarizations combinations; [3] and [4] correlated information obtained from radar with vegetation biophysical parameters, discussing the saturation of backscatter caused by the high density of tropical forests; Power spectrum analysis was made using autoregressive moving-average (ARMA) models, for evaluation of forest canopy structure from airborne SAR (X–band) data in the Brazilian Amazon [5]; the discrimination of recent deforestation from others land cover classes was evaluated by [6], utilizing the L-band airborne SAR polarimetric images; the Iterated Conditional Mode (ICM) contextual classifier was applied by [7] into amplitude, intensity and some polarimetric attributes (entropy, alpha angle) extracted from SAR data (P-band) to generate land cover mapping with considerable thematic accuracy. The above mentioned studies exemplify the importance of radar spectra match those obtained from ground data, establishing the basis for the mapping and monitoring the tropical landscape.
With the launch of TerraSAR-X in June 2007, at a public-private partnership between the German Aerospace Center (DLR) and EADS Astrium, the user community got new SAR products as analysis tools for the landscape analysis, specially considering its high geometrical resolution.

Within this frame, the main objective of this work is to analyze the potential of Terra-SAR-X dual images, on the StripMap mode, for classification of forest cover and of land use classes resulting from human activities in the SW Brazilian Amazon. In this study we present (1) the SAR response of each land use/ land cover classes and (2)  the performance of classification, comparing the target decomposition technique based on Cloude’s theorem and the MAXVER+ICM (Maximum Likelihood Classifier for polarimetric data and Iterated Conditional Modes) technique. 

1. TerraSAR-X data sets and methods
The TerraSAR-X operates a synthetic aperture radar and is able to produces high resolution images, in SpotLight, StripMap and ScanSAR modes that results in spatial resolutions varying between 1 and 16m and single and dual polarization [8]. High resolution StripMap mode data were acquired in 24th June, 2009, over the Sena Madureira region, Acre State, Brazil (9° 00´ e 9° 45´ S and 68° 00´ – 68° 35´ W), with the following characteristics: ascending mode, HH and VV polarizations, slant range resolution of 1.125m, azimuth resolution of  6.59m, and incident angle of 43.460° (near)  to  44.610° (far). 
The dual polarization images, provides in SLC format, were first pre-processed using POLSARPRO 4.02 tool to generate the covariance matrix with a window size of 12x2 pixels in range and azimuth direction, respectively, and applying the Enhanced Lee filter algorithm, with a window size of 5x5 pixels, to minimize speckle noise. The resulting data were classified using two techniques: one due to Cloude’s target decomposition theorem and another, the statistical approach based on the contextual MAXVER+ICM classifier, developed by [9] for polarimetric SAR data.
The conceptual base of target decomposition was developed for SAR QuadPol data [10], but it can also be applied to dual-polarized data [11]. The Cloude decomposition is capable of describing a whole range of scattering mechanisms, based on the eigenvector analysis of the coherence matrix [T]. The Cloude’s entropy (H) is calculated from the eigenvalues of [T] derived from the covariance matrix [C].  By using HH and VV polarizations the covariance matrix components can be represented by <<HH²>>, <<VV²>> and the cross product <<HHVV>>, where <<>> represents a spatial average. The cross product has the information of the phase difference between HH and VV channels. These three components as well those derived from the Cloude’s decomposition (entropy, anisotropy and alpha angle) were used as the input of the classification procedure.
The statistical classification tool used in this work is based on a statistical decision rule that examines the (Bayesian) Probability Density Function calculated from the inputs for classes established from training sites, and assigns the pixel to the class with the highest probability (Maximum Likelihood Classifier). In order to improve the homogeneity of the classes a pos-classification process called the Iterated Conditional Modes (ICM) was applied. The ICM algorithm is a contextual procedure that, in order to classify each pixel, uses both the observed value in the corresponding coordinate and the classification of the surrounding sites. The combination tools, MAXVER+ICM, was adapted [9] to deal with appropriated Probability Density Function of the SAR data represented by amplitude, intensity and covariance matrix [C]. 
The TerraSAR-X image covering the area under study was classified by the above described techniques, isolated and combined, in order to generate the land use/land cover map with the best performance. Considering a combined classification, we tested the contribution of the “entropy” component, derived from Cloude's target decomposition theorem, together with the amplitude of the co-variance matrix elements (CHH, CVV, CHV) using the MAXVER+ICM algorithm. The classification performance of all these resulting products was evaluated by Kappa statistics with previously obtained and geo-referenced information from field survey.  

2. Results and Discussions
In the western part of the Amazon region, subsistence agriculture for the production of rice, beans and cassava, occupies a significant part of small properties. Nevertheless in the region surrounding Sena Madureira, there are extensive areas of pasture for cattle raising, even on dissected terrain with flat tops. Areas degraded by timber exploitation and also succession stages due to the abandonment of the traditional use as a consequence of loss of soil fertility. Based on the exploratory analysis one observes at Fig. 1 the characteristic behavior of the radar response for land use/land cover classes. At this profile the standard deviation of the SAR response was higher at forest targets than at agricultural/pasture classes. A similar result was found also by [12]. Primary forest borders were generally distinguished from other land cover classes, except for degraded forest. At this figure the response of HH and VV polarizations are quite similar; the use of an additional cross-polarized image would probable help to improve the separation among land use/land cover classes, due to scattering mechanisms which command the interaction of the X-band signal with the targets. 
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Figure 1. TerraSAR-X image profile and equivalent multi-polarized responses of the landscape. Image composite: HH(red), VV (green) and HHxVV(blue) polarizations. 

At the analysis of isolated and combined classifications, the best one was obtained using the MAXVER+ICM algorithms, considering both the amplitude of the covariance matrix elements plus the entropy data, derived from Cloude’s target decomposition (Figure 2). The use of entropy information improves the discrimination of the primary forest classes. At Table 1 one can observe the performance of this SAR attribute integration in the image classification procedure. The Kappa value found was 0,668 and it corresponds to a “substantial agreement” at the performance table established by [13].    
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Figure 2. TerraSAR-X composite image of the amplitude components from the co-variance matrix (left); land use/land cover classification obtained by co-variance matrix elements + entropy (right).
Table 1. Classification performance by  MAXVER + ICM algorithm  using amplitude of the covariance matrix  plus the entropy.
	Classes 
	Primary Forest 
	Pasture 
	Degraded Forest 
	Bare soil 

	Primary Forest 
	88.58% 
	0.57% 
	10.785 
	0.055% 

	Pasture 
	4,35% 
	72,98% 
	20.80% 
	1.82 

	Degraded Forest 
	27.72% 
	5.20% 
	67.01% 
	0.051% 

	Bare soil 
	3.62% 
	17.32% 
	0.41% 
	78.73 

	Kappa = 0.668 
	Kappa variance = 3.99425e-6 

	Overall Accuracy(%) = 76.04 
	Overall Error (%)  = 23.95 


The effect of geomorphologic variable “slope” in the TerraSAR-X response could also be responsible for the accuracy reduction in the classification, besides specific characteristics of each target studied.

3. Conclusions
In this study using a StripMap image from TerraSAR-X the results indicate that it is possible to discriminate forest from other land cover and land use targets. The discrimination of these landscape aspects was improved with the use of the coherent attribute “entropy” as a component of the classification model, because it is associated to the degree of randomness of the scattering process, which defines the target. 

Using other classifiers which consider textural SAR attributes in such high resolution images (X-band), would help to advance landscape studies with TerraSAR-X images in the Brazilian Amazon. The results obtained indicate the potential of TerraSAR-X data for the assessment and monitoring of tropical forests. 
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