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Polarimetric SAR-data of agricultural fields have been
acquired by the Danish polmimetric L- and C-band SAR
during a
sions at the Danish
95. The data are used
test site F
to study the classification potential of phimetric SAR data
stributed covariancematrix. In general,
polarimetric SAR data contpared
data is larger at L-band compared
to C-band. On the other hand,
ation and different inciden

polarizations HH, VV, HV in various combinations, e.g.
single polarization, multi-polarization, multi-frequency and
multitemporal [9]. In this paper the analysis is extended to
cover classification using the full polarimetric information.
i.e. using the covariance matrix.
DATA ACQUISITION

The EMISAR has been developed at the Department of
Electromagnetic Systems (EMI) of the Technical University
of Denmark, and it is an L- and C-band fully polarimetric and
interferometricSAR. The SAR system is installed on a
Danish Air Force Gulfstream aircraftG-3. The SAR system
INTRODUCTION
is normally operated from an altitude of approximately
SAR) for 12.500 m, the one-look spatial resolution is 2 m by 2 m,
identified. and the- ground range swath is approximately 12 km. The
processed data from this system are fully calibrated by using
r mapping
an internal calibration system.
capabilities, which secures the mapping independent of cloud
A large number of acquisitions with both the C- and Lcover, that may p e n t acquisition by optical and i n k e d
sensors. Furthermore, the backscattering is sensitive to the band polarimetric SAR has been carried out from 1994 to
1998 over a Danish agricultural test site. In 1995 data were
dielectric properties of the wgetation and the soil, to the
structure, to the surfaceroughness and to the canopy acquired on March 22,May 1 , June 8 and July 4 for L-band
and on March 24,May 3 and July 4 for C-band. The L- and
e [l]. The extraction of agricultural parameters is
C-band acquisitions from May and from July have all been
based on sad influenced by this sensitivity. It is well known,
for instance, that the canopy development with time of co-registered by identifying ground control points in the
images. The resampling in connection with the coscatter, and it is the
registration has also been used to perform an averaging of the
ERS SAR data [2].
larimetric SAR data original one-look data to reduce the speckle by a cosinesquared weighted 9 by 9 filter. The new pixel spacing in the
from the US AIRSAR have beea performed for e.g. the Dutch
images is 5 m by 5 m. From homogenous areas in the
94evoland test site [3][4][5],and for the UK Feltwell test site
[6]. Also, data from the SIR-C have been used for images the equivalent number of looks is estimated to
approximately 8 and that corresponds to a standard deviation
c1assificatk-s assessment [7]. These studies are based on
single dates acquisitions, and study the use of linear for the backscatter coefficient of approximately 1.5 2.0 dB.
The test site contains a large number of agricultural fields
polarizations and polarimetric parameters in ConventMIlal
classification schemes [3R4g6], and in a neural network with differentcrops and of differentsizes, as well as several
approach [6] with improved classification accuracies lakes, forests, areas with natural vegetation and urban areas.
cmqwed with the conventional me&&. Also, classification The area is relatively flat, and corrections of the local
methods b e d on the maximum polarimetric contrast incidence angle due to terrain slope are therefore not
procedure have Been studied using the full polarimetric necessary. The crop types present in the area are spring
sion from these studies of barley, winter barley, winter wheat, rye, grass, winter rape,
information [5][7].
single date, multifreque
L-, and C-band), polarimetric peas, potatoes, and beets, where spring barley, winter barley,
winter wheat and winter rape are the most frequent crop
SAR data is that the pol
c information is important.
In the present study the Danish airborne dual-frequency types. A crop map was established for the test site including
more than 200 fields covering different incidence angles.
polarimetric SAR, EMISAR, has been used [8]. Previously
the classlfidon potential has been assessed using

-
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In May the spring crops are bare fields, and for the July
acquisitions the beets are fully developed with broad leaves,
for the peas the flowering is declining, the potato field
consists of dense vegetation, and the spring barley is at the
end ofheading. For the winter crops the barley, wheat and
rye are at the beginning of stem elongation, and the rape is at
the beginning of heading in May. In July barley and rye are
at the end of flowering, wheat is at the beginning of flowering
and rape has finished the development of fruits.

METHOD
The polarimetric SAR measures the amplitude and phase
of the backscattered signals in the four combinations of the
linear receive and transmit polarizations hh, hv, vh and w.
These signals form the complex scattering matrix S, where
the elements S, are the complex scattering amplitudes for
receive polarization p and transmit polarization q (p and q are
either v for vertical or h for horizontal). In the case of
reciprocity which normally applies for natural targets we have
Sh = Sd. In the above-mentioned averaging the covariance
matrix is formed for each averagedpixel:

where 0 denotes ensemble averaging, and * denotes
complex conjugation.
The classification performed is based on tlte Bayes
maximum likelihood classification scheme using the
covariance matrix which is Wishart distributed [lo].
Assuming that the data are statistically independent between
the acquisitions, the generalized distance measure is [101
d(ZY%J = &{qcm1+
j=1

Tr[c,cn-Izcn]}-In[Pcw,,]

(2)
where C,(i) is the feature covariance matrix of the m* class in
the j* acquisition, ~ ( iis>the covariance matrix of the j*
acquisition for the pixel to be classified, n is the number of
looks, P(%)
is the a priori probability for class my Tr
denotes the trace, and J is the total number of acquisitions.
One relatively large field (more than 500 pixels) has been
picked for each of the above-mentioned crops. In addition,
areas for forest, lake, and fallow fields have been selected.
These areas have been used as training areas for the classifier,
i.e. used to estimate the feature covariance matrix in (2). The
pixels in the training areas have been classified and the
classification accuracy estimated. This estimate is, of course,
too optimistic. Therefore, a large number of test areas for the
crops have been selected and the classification accuracy
estimated for these areas, to test the sensitivity to for instance
incidence angle and natural variability.

RESULTS
The classification accuraciesare shown in Tables 1 and 2
for all the combinations of acquisitions. The classification
accuraciesforthe individual crops are shown, as well as the
total classification accuracy. For clarity the misclassifications
are not shown in the tables. Table 1 shows the accuracy for
the training areas and Table 2 shows the average accuracy for
all test areas for each individual crop. The tables are divided
into sections, i.e. section 1 is single frequencyresults for a
single acquisition date, section 2 is dual-frequencyresults for
a single acquisition date, section 3 is multitemporal results
for a single frequency, and finally section 4 is combined
multitemporal and dual-frequency results.
From the first section in Table 1 it is seen that the results
for single acquisitions with a single frequency are not too bad
with average classification accuracies from 61-73%. The best
performance is obtained by the L-band acquisitions,
especially the acquisition in July with 73% classification
accuracy. Compared with results using only the three linear
polarizations in [9], the improvement of using the full
polarimetric information is largest at L-band (about 15%),
whereas it is small at C-band. This is consistent with
results in e.g. [ll], where it is found that for instance the
phase difference at C-band is small for all crops. The results
for the test areas in Table 2 show as expected a smaller
classification accuracy than for the training areas. The
decrease in accuracy for the single frequency, single
acquisition date results are 22-26% for L-band and C-band in
May, whereas it is 11% for C-band in July. This is a result
of the larger variability at L-band compared to C-band, and
the larger variability in May compared to July [ 113. In May
for instance the surface scattering contribution to the total
backscattering is large, and the dependence of the incidence
angle is larger for surface scattering than for volume
scattering. The large variability for the May acquisitions
result in a large differencein the accuracy between training
and test areas for spring barley, where the fields are bare
fields. We observe that the winter barley is poorly classified
especially for the May acquisitions, where it is confused
primarily with winter wheat and rye.
In the second section of the two tables the results for dualfrequency, single acquisition date combinations show that the
performanceof the July acquisitions is better than the May
acquisitions both for training and test areas, and we obtain an
improvement in the classification accuracy for the training
areas of 10-25% compared to the single frequency
acquisitions. The multitemporal results in the third section
of the tables show slightly better results than the dualfiquency combinations. The L-band multitemporal results
are better for the training areas, whereas the opposite is the
case for the test areas. Again, the reason is the larger
difference for the polarimetric parameters between the
individual crops at L-band, in addition to the larger
variability at L-band. The dual-fiequencyand multitemporal
combination shows an accuracy close to 100Y0 for the
training areas and about 80% for the test areas.
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€ONCLUSIONS
An analysis has been p&-rmed of the classification
pamtial for crop classification appkations of polarimetric,
dual-fiquency, multitemporal SAR data
of using the full polarimetric information compared to
combinations of& linear polarizations is largest at L-band,
due to the larger sensitivity of for instance the phase difference
to the vegetation structure St L-band. Therefore, the best
results for single frequencycombinations are obtained for Lband. Qn the other hand, the most stable results using the
test areas are obtained using C-band, due ta the smaller
variability at C-band. Both dual-frequency and multitemporal
ements over single
foreseenthat it will
esults by including
the classification and
by W h e r speckle reduction using advanced speckle filters.
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Table 1. Classification accwacies in percent for the various frequencyand date combinations, and shown for the
individual crops together with the total classification accuracy for the training areas.

Table 2. Classification accuracies in percent for the various frequencyand date combinations, and shown for the
areas (no test areas for potatoes).
individual crops together with the total classification accuracy for the

