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1. Introduction

This working note describes the use of the exponential coherence model developed by Wolfgang Wagner to select training sites (or regions of interest, ROIs) as input for the maximum likelihood classification (ML).

The general idea is to

1. determine coherence thresholds for each growing stock volume class using the model developed by Wolfgang,

2. select training sites using this thresholds and

3. run ML classification using the training sites.

The special feature of the method is to use not only coherence-thresholds but rather mean values and distributions around mean values determined from coherence-thresholds. In my opinion there are two possible applications for the method. 1) use the method as classification method to determine 2 or 3 forest classes. 2) use e.g. the mean values of each determined class for the initialisation of the ISODATA algorithm.

Non forest classes should be determined and masked out before the application of the coherence model (we are working on that topic at the moment, mainly on the water class).

2. Defining Training Sites using the ERS Coherence Model

2.1. Defining ROIs by coherence thresholds from the coherence model

The exponential model by Wolfgang can be used to calculate coherence thresholds for pre-defined growing stock volume classes.
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( is the growing stock volume for which the coherence value have to be calculated. For the presented examples (0 and (( have been specified by the 0.05 and 0.95 percentiles of the image values. Due to the noise in the coherence image the cut of 5% from both ends of the histogram caused no problems. In fact the cut is carried out to consider the noise of the coherence images. The growing stock volume classes are chosen according to the customer requirements as follows:

1. < 20  m3/ha (= non forest)

2. 20 – 130 m3/ha

3. > 130 m3/ha

Coherence thresholds determined from these values are leading to ROIs whose histograms are representing only parts of the histogram of the whole image (see figure 1, second row). In contrast normal distributed or almost normal distributed histograms may be expected for distinguishable classes. To illustrate this histograms of hand selected ROIs have been generated for comparison (see figure 1, first row).

The use of ROIs only defined by thresholds may cause noisy ML results or rather the results are almost the same as the input (see figure 2, second row). First row in figure 2 shows the coherence images with hand selected ROIs and the according ML classification result. It is easy visible that the result for hand selected ROIs is much less noisy.
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Figure 1: Histograms of the coherence of regions of interest (ROIs) for high, medium and low biomass classes for data set 32543_2439. First row: Hand selected ROIs. Second row: ROIs selected by thresholds. Third row: ROIs selected by distributions around the mean values of each class.

2.2. Defining ROIs by distributions around class centres defined by the coherence model

To get better or less noisy classification results, the histograms of the ROIs should be normal or almost normal distributed. The steps to define distributes ROIs are:

1. Define minimum and maximum coherence values for each growing stock volume class using the coherence model.

2. Calculate the mean for each class by: mean = (minimum + maximum) / 2. 

3. Calculate the mean, minimum and maximum value for shifting windows, e.g. of the size of 10x10 pixels, over the coherence image.

4. If the min and max of the window are lying within a defined class interval (between min and max of a class) and the mean value of the window is almost the same as the defined class mean value, then mark the window to be a part of the ROI for the class. The results are tile-like ROIs for each class distributet over the coherence image (see figure 2, third row).

5. Carry out ML classification using the tile-like ROIs.
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Figure 2: Coherence images with regions of interest (left) and ML classification result (right) for a subset of data set 32543_2439 . Blue: Growing stock < 20  m3/ha. Green: Growing stock 20 - 130 m3/ha. Red: Growing stock  > 130 m3/ha. First row: Hand selected ROIs. Second row: ROIs selected just by thresholds. Third row: ROIs selected by distributions around the mean values of each class for 10 x 10 windows.

Due to the properties of the image data it is almost impossible to sustain a window mean value which exact fit the mean value of one class. Therefore a range around the mean value must be permitted. Figure 3 shows the input parameter dialog of the program which defines ROIs. In this example the variation around the mean value is set to 20% (quite high I must admit). Learning from the histograms of the hand selected ROIs the histograms are overlapping each other. Therefore – also dependent on the noise of the coherence image – overlapping class borders should be permitted. After some tests of the parameter sets, mainly the variation of class centre and the overlapping of the class boarders, it is possible to find a parameter set which works well for all coherence images.

Histograms of ROIs defined by the presented method are shown in the last row of figure 1. The histograms are almost normal distributed and similar to the histograms of the hand selected ROIs. A subset of a coherence image with ROIs and the classification results are shown in the last row of figure 2. The classification results are more noisy than the result of hand selected ROIs, but less noise than the result by just threshold selected ROIs.
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Figure 3: Dialog to define input parameter for defining ROIs by distributions around the mean value of a class.

3. Conclusions

The method works quiet stable for different frames and image products (GTC and GEC) and shows the potential of the coherence model by Wolfgang to determine forest classes. In my opinion there are two possible applications for the method. 1) use the method as classification method to determine 2 or 3 forest classes. 2) use e.g. the mean values of each determined class for the initialisation of the ISODATA algorithm.
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