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ABSTRACT
This work presents a region based classifier for Polarimet-

ric SAR (PolSAR) images. The classifier uses the stochas-

tic distances derived from the complex Wishart Model, ob-

tained from the h-φ family of divergences. Adittionaly, a hy-

pothesis test derived from the stochastic distance is also em-

ployed in the classification process. The region based clas-

sifier, using the Bhattacharyya distance, was applied to a po-

larimetric SIR-C image from an agricultural area in northeast-

ern Brazil. The region based classification result significantly

overperformed the a pixel based/contextual PolSAR classi-

fication based on the Maximum Likelihood/Iterated Condi-

tional Modes. Such evidence lead us to conclude that the re-

gion based stochastic distance and hypothesis test classifier

offers a good potential at identifying the land cover classes

on a PolSAR image.

Index Terms— Region Based Classification, Stochastic

Distances, Hypothesis Tests, PolSAR

1. INTRODUCTION

The classification of images obtained by polarimetric syn-

thetic aperture radar (PolSAR) sensors is one of the main in-

formation extraction techniques from that kind of data. Gen-

erally, PolSAR classification falls into two categories: target

decomposition [1] and PolSAR data statistical modeling.

Regarding the statistical modeling, the multiplicative

model, which takes into account the contribution of backscat-

ter and speckle noise, has been suitably employed. The return

can be modeled by the complex Wishart distribution [2, 3].

Several pixel-based classifiers were developed from this sta-

tistical modeling, being one of them the maximum likelihood

classifier used in [3].

Pixel based classifiers can be improved by the use of spa-

tial context. Frery et al. [4] developed an ICM – Iterative Con-

ditional Modes classifier which employs the maximum likeli-

hood classification result under the complex Wishart distribu-

tion as starting point, and point wise evidence, and the Potts

model as local information. This classifier quantifies the spa-

tial information by a maximum pseudolikelihood estimator.
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It is believed that even better PolSAR classification re-

sults can be achieved using segmented images (region-based

classification). This classification strategy may use stochastic

distances between the statistical distributions that model seg-

ments and training samples which represent classes. In the

case of PolSAR data, these distances must be defined between

pairs of complex Wishart distributions.

Salicru et al. [5] developed analytical dissimilarity mea-

sures, the so called h-φ family of divergences, from the

convenient definition of the functions h and φ. Hypothe-

sis tests based on statistics derived from h-φ divergences

were also developed in [5]. Frery et al. [6, 7] obtained five

distances between complex Wishart distributions: Kullback-

Leibler, Bhattacharyya, Hellinger, Rényi and Chi-Square and

their corresponding hypothesis tests were also developed and

evaluated.

This work presents a new region-based classifier using an-

alytical expressions between complex Wishart distributions

and the hypothesis tests derived from them. The classifier

performance evaluation is performed with SIR-C mission im-

ages. The classifier was developed using the Interactive Data

Language (IDL), version 7.1.

2. CLASSIFICATION OF SEGMENTS WITH
STOCHASTIC DISTANCES

The classifier assigns labels to regions previously defined

(segments) in an image according to the smallest test statistic

observed between each segment and each training sample.

The decision rules are based on the asymptotic distribution

derived in [6] for the test statistics. The classifier is, therefore,

supervised, region based and statistical.

Figure 1 shows the sequence of procedures performed by

the classifier. The input data consist of the PolSAR images to

be classified, a segmented image, and a set of training sam-

ples for each class. The equivalent number of looks n must

also be provided in advance by the user. This parameter can

be estimated by one of the methods described in [8], and is

assumed constant for the whole image.

The classifier is composed of three models whose use de-

pends upon the type of input data: the Wishart distribution
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Fig. 1. Classification Process.

(adequate when the input data are in full polarimetric com-

plex covariance matrix format), the distribution of pairs of

intensities [9] (adequate when the input data are two Gamma

distributed intensities), and the multivariate Gaussian distri-

bution. Each of these models is associated to a classifier mod-

ule, and different stochastic distances have to be calculated in

each module. A description of these modules is presented in

Table 1.

Table 1. Classifier Modules.

Statistical Modeling Distances Solution

Complex Wishart

Bhattacharyya

Kullback-Leibler

Hellinger Closed form

Rényi

Chi-Square

Intensity Pair
Bhattacharyya Numerical

Triangular

Gaussian
Bhattacharyya Closed form

Kullback-Leibler

In this paper, the presented results are based only on the

Bathacharyya distance derived from Complex Wishart distri-

bution, since the data employed are from a PolSAR image

in the covariance matrix format. The Bhattacharyya distance

was obtained in [6]. Let C1 and C2 be the covariance matri-

ces of order q from two distinct segments. The Bhattacharyya

distance (dB) between the two Wishart distributions is given

by:

dB = n

[
log |C1|+ log |C2|

2
− log

∣∣∣∣∣
(
C−1

1 +C−1
2

2

)−1
∣∣∣∣∣
]
, (1)

where |.| denotes the determinant. After computing the Bhat-

tacharyya distance between the region and each class pro-

totype, the classifier computes the hypothesis test statistic

sB , which is used to classify the delineated image regions.

According to the development by Salicru et al. [5] and the

methodology proposed in [6], the test statistic is given by

sB =
4mn

m+ n
2dB , (2)

where m and n are the size of the samples from the segment

and the prototype, respectively. The parameters must be esti-

mated by maximum likelihood.

3. APPLICATION

3.1. Description

In order to assess the region-based classifier, a classification

was performed using the Bhattacharyya distance between

complex Wishart distributions. The result was qualitatively

and quantitatively compared with the classification obtained

by the contextual Maximum likelihood/ICM classifier [4].

Three polarimetric bands (HH, HV and VV) from the SIR

C/X-SAR mission were used. The images and study area

details are presented in Table 2.

The land cover classes in the study area was identical to

the one employed in [4], as well as the training and test sam-

ples, which are shown in Figures 2(a) and 2(b).

The segmentation was performed using the software

SegSAR [10]. The SegSAR software is suitable for ampli-

tude and intensity image segmentation, so we had to extract

the intensity data from the covariance matrix to perform the

exploratory segmentation. After a data analysis, the chosen
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Table 2. Images and study area information.

Aquisition date 14/04/1994

Study area location 09o 07
′
S, 40o 18

′
W , about 40 km

northeast of the city of Petrolina-

PE, Brazil.

Image size (pixels) 407x370

Frequency L-Band - 1.254 GHz

parameters were 100 pixels of minimum area and 1 dB of sim-

ilarity. The equivalent number of looks was 2.97, estimated

using the method described in [4], which was also described

and referred to as Fractional Moment Estimate in [8].

3.2. Results

Two classified images were obtained, one for the region based

classifier using Wishart Bhattacharyya distance, and another

from the contextual Maximum likelihood/ICM classifier [4].

A quantitative evaluation was performed using the test sam-

ples. The overall accuracy and the kappa coefficient of agree-

ment were computed from the confusion matrix, as formu-

lated in [11]. The classification results are shown in Fig-

ures 2(d) and 2(e), and the quantitative assessment of these

results (Kappa Coefficient (κ) and global accuracy) are shown

in Table 3. A hypothesis test of equality of kappa values

showed that the region based classifier achieved a better per-

formance than the pixel based/contextual, at any pratical sig-

nificance level. These results can be checked in Table 4.

Table 3. Kappa Coefficient (κ), κ variance and global accu-

racy (G.A.) - Region based and contextual results.

Classifier κ κ variance G.A.

1 0.834 1.25 · 10−5 86.60%

2 0.803 1.43 · 10−5 83.97%

1 - Wishart Bhattacharyya Distance (region based)
2 - Maxlikellihood/ICM (pixel based/contextual)

Table 4. Equality test between confusion matrices (signifi-

cant level: 5%.)

Compared classifiers z-statistic p-value

1 vs. 2 6.91 ≈ 0

1 - Wishart Bhattacharyya Distance (region based)
2 - Maxlikellihood/ICM (pixel based/contextual)

(a) Trainning samples (b) Test samples

(c) Land cover classes legend

(d) Bhattacharyya Distance classi-

fication

(e) ICM classification

Fig. 2. Trainning and test samples, region based and contex-

tual classifications.

4. CONCLUSIONS

A new region-based classifier for PolSAR data using stochas-

tic distances between complex Wishart distributions and de-

rived hypothesis tests was presented. In comparison with a

contextual Maximum likelihood/ICM classifier, the new clas-

sifier produced significantly better results.

From a quantitative point of view, one can conclude that

the region-based classification significantly outperforms the

contextual classifier, since its result reaches a kappa coeffi-

cient of 0.834 against 0.803. A statistical test rejected the

equality hypothesis between the two confusion matrices at a

significant level of 5%, as the computed z-statistic result was

6.91, yielding an approximate null p-value.

The quality improvement can also be observed qualita-

tively by examining the huge amount of undesirable small ar-

eas that still exist in the contextual result, while those artifacts

are quite minimized by the region-based classification.

Using a region based classifier on PolSAR images seg-

ments can produce good results by avoiding small areas

caused, among other factors, by the speckle noise or terrain

distortions, like shadows.

It can be concluded therefore that the proposed classifier

has great potential for PolSAR data classification. In the fu-
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ture, further investigation will be conducted using other dis-

tances and remote sensing data.
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