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Abstract
The method for automatic sea ice detection by DPR data
is suggested. The method is based on the analysis of the
shape of normalized radar cross section dependence on the
incidence angle. For reﬁnement of ice position along the
track one dimensional Canny edge detection procedure is
applied. The data for winter 2016 were processed for the
Sea of Okhotsk. The algorithm was validated using the radiometer data.
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Introduction

Sea ice cover monitoring from space is an important problem for navigation, weather prediction and climate analysis. Microwave spaceborne measurements are widely used
to create ice cover maps. For determining the ice concentration microwave radiometer and synthetic aperture radar
data is used. Altimeter data is applied to detect ice thickness. However, manifestations of sea ice in microwave signal are not studied for incidence angles between 0◦ and 18◦ .
At such angles dual-frequency precipitation radar (DPR) on
Global precipitation measurement (GPM) satellite operates,
as well as SWIM (Surface Waves Investigation and Monitoring instrument) which is of great interest now. This paper
is focused on the DPR radar, Ku-band channel, which scanning direction is perpendicular to the track. There are no ice
ﬂags for DPR derived from its own data by now. This paper
suggests the simple method for automatic sea ice detection
from Ku-band the data of normalized radar cross section
(NRCS).
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GPM data contains a rain ﬂag for each resolution element.
The DPR swath in Ku-band over the Sea of Okhotsk, December 27th, 2016 is mapped in ﬁgure 1a, and typical dependence of NRCS on incidence angle along the scanning
direction for water and ice surfaces are presented in the ﬁgure 1b. Clear difference between them is observed. The
idea is to obtain the scalar value from each scan σ 0 (θ ) and
distinguish between "ice" and "water" scans.

Data

The GPM satellite was launched in February 2014, carrying ﬁve instruments including the DPR and radiometer
GPM Microwave Imager (GMI). The satellite ground track
is conﬁned between 65° S and 65° N. The DPR is a Kuand Ka-band pulsed radar with horizontal polarization, further we consider Ku-band radar only because it had a wider
ground track in 2016. The DPR antenna scans perpendicularly to the ﬂight direction. The scanning angle varies
from -17° to +17°, with 49 beam positions separated by
0.71°. The local incidence angle depends on the shape
of the Earth. Maximum local incidence angle is approximately 18◦ , spatial resolution is about 5 km by 5 km. The

Figure 1. The DPR Ku-band swath over the Sea of
Okhotsk, December 27th, 2016 (a), the sections of the
swath in the region of ice and water (b)
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Ice detection method

3.1 Backscatter at low incidence angles
Backscatter of microwaves by the sea surface at low incidence angles is conveniently described within the framework of geometrical optics approximation. According to
this approximation NRCS is proportional to the slope probability density function (PDF) along the direction of scanning [2]
σ 0 = A cos−4 (θ ) · P(tan θ )

(1)

It was shown in [4], that this PDF for sea surface is close to
normal distribution.
P(tan θ ) =

1
tan2 θ
· exp(−
)
2πσx σy
2σx2

(2)

2 are mean square slopes along and across scanwhere σx,y
ning direction respectively. This approximation is valid for
incidence angles within the range 0◦ < θ < 15◦ according
to [1].

3.2

Analysis of the data along the scan

The peculiarity of the sea ice the slope PDF is the narrow
peak at θ = 0◦ . The presence of this peak can be explained
by the fact that for almost ﬂat ice cover there are much less
facets tilted from the horizontal than for water surface. PDF
for water has a wide peak. It is known that the kurtosis
describes the sharpness of a peak of the curve of probability
density and the steepness of slopes of the distribution tails.
The sharper is the curve peak near the center of distribution,
the greater is the value of the kurtosis. The kurtosis for P(x)
PDF is calculated as follows
μ4
γ2 = 2 − 3,
(3)
μ2

Each half of the swath can be considered separately for
θ > 0◦ and θ < 0◦ . In order to calculate kurtosis properly each half is complemented symmetrically so that
σ 0 (θ ) = σ 0 (−θ ) and for each augmented half-scan the
operations (3)-(10) are performed. In ﬁgure 3 the radar
swath and corresponding kurtosis, calculated for each complemented half-scan, are presented. It is clearly seen that

where μ2 and μ4 are the central statistical moments of PDF
∞

μk =

(x − x)k P(x)dx

(4)

−∞

Figure 2. The NRCS distribution within DPR swath (a),
kurtosis calculated for each complemented half-scan (b).

and x is the expected value of x:
x=

∞

xP(x)dx.

(5)

−∞

From (1) the slope PDF P(tan θ ) is easily retrieved for each
ith antenna footprint
σi0 cos4 (θi )
.
(6)
A
Due to the fact that cumulative distribution function F(X)
at +∞ equals to 1
P(tan θi ) =

F(+∞) =

∞

P(tan θ )d(tan θ ) = 1.

(7)

−∞

At incidence angles higher than 15◦ P(tan θ ) takes low values and the integral for this angles can be neglected. This
condition in a discrete form is as follows
◦)
tan(+15


tan(−15◦ )

N

P(tan θ )d(tan θ ) ≈ ∑ P(tan θi )Δ(tan θi ) = 1. (8)
i=1

If we consider the part of the scan for −15◦ θ 15◦ , N = 41.
From this equation the coefﬁcient A is obtained
N

A = ∑ σi0 cos4 (θi )Δ(tan θi ).

(9)

i=1

For each i Δ(tan θi ) = Δθi cos−2 (θi ) is almost constant, thus
from (6) and (9) the equation for μk in a discrete form is as
follows
N

μk = ∑ (tan θi − tan θi )k P(tan θi )Δ(tan θi ) =
i=1

N



= ∑ (tan θi − tan θi )
i=1

k

σi0 cos4 (θi )

N

∑

−1
σi0 cos4 (θi )

.

i=1

(10)

for water γ2 ≈ 0 and for ice it reaches 20.
In the next section the rectiﬁcation of water-ice boundary
along the track is discussed.

3.3 Analysis of the data along the ﬂight direction
This section is devoted to the edge detection problem from
the radar image of DPR. The two-dimensional edge detection can not be directly applied because of the NRCS
trend associated with incidence angles. Therefore the
one-dimensional Canny edge detection algorithm [3] was
adapted to solve the problem.
Now let us consider the slice of the swath along the scanning direction at a constant incidence angle. The lengthwise slices for several incidence angles are presented in ﬁg0 − σ0
ure 3a. At nadir the difference σice
water is positive, at
◦
◦
6 − 18 the reverse situation is observed. At intermediate
angles about 2◦ − 5◦ there is almost no contrast between the
two surfaces.
According to [3] the position of the step corresponds to the
maximum of the following function
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(11)
where x is the coordinate along the ﬂight direction, the
prime means the derivative by x, n0 is the noise level which
we consider to be constant, f (x) is proportional to the ﬁrst
derivative of gaussian function
f (x) = −x · exp(−

x2
).
2σg2

(12)

Actually, the whole denominator is constant and we search
the maximum of
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  +W





0
0




S(x0 ) =  σ (x0 − x) f (x)dx  σ (x0 − x) f (x)dx ,
−W
 −W

(13)
Here W and σg are the parameters to be adjusted. In
ﬁgure 3b the function S(x0 ) is plotted for θ = 14◦ with
W = 20 cells and σg = 5 cells. Local maxima of S(x0 )

Figure 4. The values of kurtosis for DRP complemented
half-scans over the sea ice map (a); brightness temperature
measure by GMI radiometer (color) and the NRCS steps
from the DPR data (dots) (b).
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Figure 3. The NRCS along the swath at water-ice boundary
for several incidence angles (a), function S(x0 ) calculated
by the equation (13) for incidence angle θ = 14◦
were obtained, and in order to pick the pixels, corresponding to the ice edge, double thresholding was used. The low
threshold is SL = 0.15(Smax − Smin ) and the high threshold
is SH = 0.7(Smax − Smin ). The local maxima pixels with
S ≥ SH are denoted as strong edges; with S < SL are neglected and SL ≤ S < SH are denoted as weak edges. Strong
edges are automatically marked in the ﬁnal edge image, and
weak edges are included if they are connected to strong
edges.
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Results and discussion

The algorithm was applied to the radar swath mapped in
ﬁgure 1a. For validation the ice cover map created by SRC
"Planeta" was used. The high values of kurtosis from DPR
data are observed over the ice cover, marked as a shaded
area in ﬁgure 4a.
Each map contains an average position of ice cover over
the span of three days, therefore for validation of ice edge
detection the radiometer data was used.
In ﬁgure 4b the brightness temperature measured by GMI
radiometer is mapped for 36.6 GHz, horizontal polarization, at the same moment as DPR microwave image was
taken. The boundary position deﬁned from the radar data
corresponds to the contrast in Tb .
Good agreement with the ice cover maps and radiometer
data proves the validity of the algorithm. Further markup
of the swath, assignment the ice or water status to the cells
in the radar swath, requires the analysis of a large set of
swaths in order to adjust threshold values for kurtosis and
other parameters.

Conclusion

The method for automatic ice detection from DPR data is
developed. On the ﬁrst step the kurtosis of the slope PDF is
estimated from σ 0 (θ ) for each scan, which can help to obtain the express estimate of ice position from the DPR data.
On the second step the lengthwise slices of the swath for
each incidence angle are studied to obtain the step in NRCS,
corresponding to the water-ice boundary. Good agreement
with radiometer and ice cover maps is obtained. Basing
on the results of these two estimates further markup of the
swath can be performed.
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