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Introduction

In the Netherlands, the coastal zone is a dynamic area because of 
the geographic position, natural and human changes, therefore 
accurate shoreline detection and monitoring is needed. Up to now, 
shoreline measurements are mainly based on visual interpreta-
tion of images and field measurements. This research explores the 
possibilities of the new quad polarization mode from TerraSAR-X 
(see Table 1) for shoreline detection based on classification of scat-
tering mechanisms and the large backscatter contrast between 
water and land. Classification based on scattering mechanisms is 
followed by shoreline extraction. 

Image information  
Image dt_481_delft / 3 
Mode Quad Polarization 
Date 09 / 05 / 2010 
Capture time 06 hrs. 08 min 30 sec 
Method 2 
Tide Level -77 cm (Time table)  
Distance to Baseline 50 m approx. on the landside from Baseline 

Table 1: Image information, tide level and related distance from 
the Baseline to the water line

Methodology

Figure 1 shows the general workflow of this research. Lee Refined 
filter was used to reduce noise while preserving the polarimetric 
properties and statistical correlation between channels, avoiding 
cross talk and image quality degradation. 
Using Freeman decomposition, the polarimetric data was decom-
posed into three scattering mechanisms: volume, double-bounce, 
and Bragg scatter or surface scatter (see Figure 2). This technique 
is a physically based, three component scattering mechanism 
model to the polarimetric SAR data without using any ground 
truth measurements. 

Figure 1: General workflow

For classification based on these scattering mechanisms, two 
methods were used: The first method applied Supervised Wishart 
Maximum Likelihood statistics on the Freeman decomposition im-
age, followed by multi-resolution segmentation and classification 
in eCognition Developer. The second method used the Freeman de-
composition image directly as input for multi-resolution segmenta-
tion and classification in eCognition Developer. The shoreline was 
extracted from the classified images.

Two methods were applied for validation. The first applied buffer 
detection techniques to compare the extracted shoreline to the 
Baseline from the Dutch Hydrographic Service. From the reference, 
four buffers were created from the Baseline towards the land 
and one more from the Baseline towards the North Sea. Analysis 
showed how well the output lines coincide with the reference also 
regarding the tide at the moment that the image was captured. 
The second validation method used image interpretation and 
Nautical Charts for comparison.

Results

Figure 2 shows the result of Freeman decomposition. For a subset 
of the area, Figures 3(a) and 3(b) show the results of multi-resolu-
tion segmentation and classification of the Freeman decomposition 
image with Method 1 (a) and with Method 2 (b). The validation is 
illustrated in Figure 4, while Figure 5 shows the percentage of (a) 
Method 1 and (b) Method 2 on the detected line in the different 
buffers, where (a) 35%, (b) 29% of the detected line is inside the 
0-50m buffer, (a) 21%, (b) 30% inside the 50-100m buffer, (a) 
3%, (b) 9 % inside the 100-150m buffer, and (a) 2%, (b) 3% in-
side the 150-200m buffer. The remaining (a) 39%, (b) 29% of the 
detected line is to the seaside of Baseline. 

In consequence, (a) 46%, (b) 59% of the detected line coincides 
with the adequate buffer, (a) 5%, (b) 12% passes the expected area 
and (a) 39%,(b) 29% of the detected line exceeds the Baseline. 
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Figure 2: Freeman decomposition into three backscatter mecha-
nisms: (a) specular reflection, (b) double bounce and (c) volume 
backscattering. (d) Combined representation with double 
bounce in red, volume backscatter in green and specular reflec-
tion in blue.

Figure 3: (a) result of multi-resolution segmentation and clas-
sification after Wishart classification of Freeman decomposition 
output; (b) result of multi-resolution segmentation and classifi-
cation of Freeman decomposition output.

Figure 4: Validation process: (a) Nautical charts; (b) Buffers 
around baseline, (c) Output shoreline; (d) Baseline (e) Nautical 
chart with projected buffers and shoreline.

Figure 5: Results for shoreline validation based on buffer tech-
niques, (a) Method 1, (b) Method 2.

Conclusion

Quad polarization radar data for shoreline mapping detection is 
still in its nascent stages, yet our results show potential for shore-
line mapping. Further exploration of the possibilities, including 
better validation is needed, as the distance to Baseline at a given 
tide level will not be equal in all places, depending on the local 
topography of the coast. After some preliminary analysis, Method 
1 applying supervised Wishart classification has better results than 
Method 2.
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