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rice fields.

Case 5: Polarimetric analysis (Ishitsuka 2011)

SAR is an emerging technology for observing multi
polarimetric data. Polarization is an index used to describe
the characteristics of electromagnetic waves and express
the orientation of the electric field. When the electric
field is vertical, the electromagnetic wave is said to be
vertically polarized. When the electric field is horizontal,
the electromagnetic wave is said to be horizontally polarized.
Elliptically and circularly polarized waves are formed by
combining the vertically and horizontally polarized waves
(JAXA EORC HP). PALSAR is the first satellite-borne
L-band synthetic aperture radar capable of fully polarimetric
observation, and can transmit and receive both horizontally
and vertically polarized signals. The combined polarization
radar image can therefore be HH (horizontal transmitting,
horizontal receiving), VV (vertical transmitting, vertical
receiving), HV (horizontal transmitting, vertical receiving),
or VH (vertical transmitting, horizontal receiving).

This case study was conducted in Tsukuba (36° 01’
577 N, 140° 04’ 38” E) in Ibaraki Prefecture, Japan. In
this region, paddy fields start to become waterlogged in
late April, with transplantation carried out in early May.
Harvesting is usually done in mid-September. The fully
polarimetric PALSAR data were observed on August
24 and October 9™, 2008. In August, rice grows in the
paddy fields. However, some paddy fields are planted
with other crops, such as soybeans. In October, the rice
has been already harvested, and most rice-planted fields
are covered with residue, although the soybeans have yet
to be harvested.

DEM data at 10 m provided by GSI were used for
orthorectification. Polygon vector data for each paddy
field parcel were created using head-up digitizing of
the aerial orthophoto. In 2008, the planted crops were
checked, revealing that 262 paddy fields were planted
with rice, while 76 were planted with wheat or soybeans.
Fully polarimetric (PLR) PALSAR data (Level 1.1) were
analyzed using “PolSARpro” software (ESA). The results
were compared with the ground survey data on planted
crops, in order to analyze the scatter characteristics and
evaluate the accuracy of classification.

Figure 8 shows images of the double-bounce scatter
component using the three-component decomposition
analysis proposed by Freeman and Durden (Freeman &
Durden 1998) with a 2 x 2 window size. In the August
image, a double-bounce scatter component appeared in
the rice-planted paddy fields. In contrast, the double-
bounce scatter component was less in the October 9™
image (area circled by the solid line). The author considers
that this double bounce was caused by the water and rice
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stems.

It was difficult to separate rice-planted paddy
fields from paddy fields planted with other crops using
unsupervised classification (K-means method) with
four-polarization ¢® data. The author therefore applied
the K-means unsupervised classification method with
the Dbl, Odd and Vol components from Freeman and
Durden’s three-component decomposition analysis. The
author attempted classification using all combinations of
the three components. As a result, an accuracy of 58.8%
was achieved in the detection of rice-planted paddy fields
when using the Dbl and Odd components. This was close
to the accuracy reported by McNairn et al. (2009) when
using single-scene PLR data. This was judged as a good
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Fig. 8. Images of double bounce scatter component
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result for a block cultivation area in which several paddy
fields cultivated at the same time with the same crop
appear as one unit.

Figure 9 shows the block scale and parcel scale
polygons overlaid onto the image of the odd scatter
components in the Freeman and Durden three-component
decomposition analysis (upper left: parcel scale, upper
right: block scale) and the scatter plots of the Odd and
Dbl components (lower). Parcels are divided by ridges or
foot paths; one parcel is one body of water. Blocks are
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divided by roads; one block contains multiple parcels.
These scatter plots indicate that the block scale was
able to achieve a more accurate classification than the
parcel scale. The resolution of the fully polarimetric
mode PALSAR observations is about 30 m, while typical
Japanese paddy fields range between 10 a and 30 a. For
example, a typical 30 a paddy field is 100 m by 30 m.
Therefore, the resolution of the fully polarimetric mode
PALSAR observation is insufficient for most Japanese
paddy field parcels.
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Fig. 9. Odd scatter component image of 24™ August 2008 and scatter plot (left side: parcel scale, right side: block scale)
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Conclusions

This paper has introduced several studies on area
determination using SAR water surface detection. The
author has demonstrated the suitability of SAR for
applications in agriculture, flooding, water use, and the
detection of paddies.

SAR can make observations during periods of cloud
cover. This paper has shown that difficulties remain
regarding the use of SAR for analysis, but this situation
is improving as the number of SAR satellites increases,
as more free software becomes available, and as SAR
techniques improve, including the use of polarimetry and
improvements in resolution.
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