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Detection and size distribution
analysis of ice floes near Antarctica
using RISAT-1 imagery
S. Srisudha, A. Senthil Kumar*, D. S. Jain and
V. K. Dadhwal
National Remote Sensing Center (ISRO), Balanagar,
Hyderabad 500 625, India

This study shows that C-band FRS-1 image mode data
from RISAT-1 mission can be exploited to identify
and monitor ice floes in the polar regions. The ice
floes size distribution plays a vital role in understanding both ice motion dynamics and polar species habitat in the sea-ice zones. An automated algorithm was
chosen here as against manual approach for identification of the floes for operational ice-floe mapping.
The assessment of mapping accuracy was estimated to
be about 80%. This exercise may help initiate temporal variations of the ice-floe size distribution to support ice-floe formation processes and climatic impact
studies.
Keywords: Ice-floe detection, polar sea-ice, radar
imagery, size distribution analysis.
ICE floes result from fracturing of thick sea-ice in the polar regions largely due to strong winds and waves that
prevail in these regions seasonally. These ice floes have
different shapes and sizes ranging from about a metre to a
few kilometres. The size distribution of these floes has
become an important model parameter in the dynamic
and thermodynamic processes of sea-ice area. The melting rate of ice floes, for example, depends on the ice-floe
size; smaller the ice floes higher is the lateral melting1.
Also, it was shown that momentum transferred from the
atmosphere to ice would vary with the ice-floe size2. The
size distribution and shape of ice floes would provide a
clue to the understanding of ice-floe formation processes3,4. Besides, such analyses provide a lead to ice
motion tracking as a part of warning alerts of ship routing. Also, polar species like walrus are attracted to ice
floes that can support their weight; the ice-floe size distribution is necessary to determine the links between species habitat and sea-ice5.
Though many research studies based on sea truth survey expeditions have been carried out routinely for icefloe monitoring, space-borne remotely sensed data analysis stands undisputed as the only means of operationally
monitoring ice-floe motion analysis by virtue of its
unique advantages of larger coverage and high repeat
cycle capabilities of the present-day on-board sensors.
The sensors operating in the microwave region of the
electromagnetic spectrum are better suited than their
*For correspondence. (e-mail: senthilkumar_a@nrsc.gov.in)
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optical counterparts, since most parts of the polar regions
are under persistent cloud cover throughout the year.
Isolating the ice floes in the remotely sensed data is a
challenging task – both manual and by machine. The ice
floes float in the background sea-ice in different shapes
and sizes. These are not fully separated from one another,
and do not have clear demarcation to decide their boundaries. In addition, grey-level difference between the background and the ice floes is not significantly high,
especially for medium-sized floes (typically 50–500
pixels), and also varies across the image to fix a global
threshold value as is done in many image segmentation
applications.
Keeping in mind an operational approach for periodic
monitoring of ice-floe movement, we adapted a fully
automated algorithm1 proposed earlier with ERS-1
imagery for ice floes. This method first works on local
but dynamically varying image segmentation thresholding based on estimated bi-Gaussian distribution function
of grey levels, followed by restricted region growing
strategy to retain size and shape of the isolated floe areas.
A full description of the algorithm is beyond the scope of
this communication. The reader is referred to detailed
description of the procedure in the literature1.
Input datasets for this analysis were collections of
RISAT-1 SAR over the Antarctica regions acquired on
3 December 2012 (orbit: 3743) in FRS-1 image mode
with 9 m resolution. RISAT-1 is the first Indian space
borne mission with active imaging sensor on-board operating in C-band, built with capabilities of imaging in four
different modes in its both ascending and descending
passes. Details of the RISAT-1 sensor mode descriptions6,
data processing7 and users’ data products8 are available in
the literature. For the present study, we have employed
four scenes of FRA-1 data processed to level-1 (ground
range) correction from operational data processing systems. These scenes were further mosaicked to get a seamless image continuity before extracting regions of
interest. Figure 1 shows the mosaicked image strip with
scene layout shown on the top left. Also shown are the
regions (1 to 4) selected for floe size distribution analysis. Details of the image size for each selected region
along with its centre positional map locations are given in
Table 1.
Four regions of interest shown in Figure 1 are subjected to automated ice-floe size distribution algorithm.
Since the ice floes are irregular in shape and also a large
variation in size is observed, these were classified into
the following bin sizes similar to the levels proposed for
Arctic ice-floe studies1. To further quantify the size distribution, median of the range pixels is considered for
estimating equivalent diameter values (Table 2).
The selected regions are processed using the algorithm
mentioned above. Results obtained for region-3 are shown
as an example in Figure 2. Figure 2 a shows the original
image which when processed yields segmented ice-floe
CURRENT SCIENCE, VOL. 105, NO. 10, 25 NOVEMBER 2013

regions of different sizes. This image is then subjected to
probabilistic labelling and later histogram binning into
one of the allowed pixel ranges given in Table 2. The
results after these steps are shown in Figure 2 c and d
respectively.
Figures 3 and 4 summarize the results of the ice-floe
size distribution for the regions selected. In Figure 3, histogram of the binned floe sizes is plotted as a function the
latitudes of the selected regions. Though the input data
for both the plots are same, the left plot is logarithmically
scaled to show the distribution of larger sized floes. It can
be seen that (1) the low and mid range sized ice floes
(below 80 m size) are less dominant over the larger ones
when we go towards the pole; (2) the smallest one increases exponentially (R-square of exponential fit is
0.994), and (3) there is also slow but steady rise in the
number of the mid range floes sized (415 m) towards the
polar region. The respective cumulative histogram as a
function of floe size for each region selected is shown in
Figure 4. It can be seen that the overall number of ice
floes increases as the latitude decreases towards the pole
to about 85%. The increase in the number of ice floes is
sharp from 24 m to 80 m, and then steadies to other large
sized floes, similar to lower latitude regions.

Date of pass: 3 December 2013
Orbit: 3743

Figure 1. RISAT-1 acquired scenes layout with latitude, longitude
coordinates (top left) and processed mosaicked image.
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Table 1.

Details about area, dimensions and geographic location of regions shown in Figure 1
Dimensions (km)

Figure 2.

Location (°)

Study area

Scan

Pixel

Area (sq. km)

Latitude

Longitude

Region-1
Region-2
Region-3
Region-4

17.31
17.24
17.60
17.73

24.10
24.34
24.31
24.36

417.13
419.65
427.94
431.96

–68.54
–68.79
–69.02
–69.27

11.70
11.37
11.09
10.69

a, Original image; b, Local dynamic threshold image; c, Size distribution; d, Histogram of floe size distribution.

To ascertain the accuracy of the automated ice-floe
algorithm, in the absence of any field survey data available for this area at the time of acquisition, we have taken
up a small area of (500 lines × 500 pixels) from the region, and manually labelled the ice floes with the help of
Arc GIS software tools. The overall percentage accuracy
of the ice-floe detection was about 80. The small ice floes
and very large floes were identified to nearly 90% and
above, while the mid range sizes could not be discriminated
accurately. The poor discrimination for this category of
1402

ice floes may be due to the fact that they touch other floes
at many locations and branch out into fragments5. However, there is scope for further improvement to overcome
these problems. Further research is in progress in this
direction.
In summary, the potential of RISAT-1 SAR imagery
for identification of sea ice floes and their size distribution has been explored. Instead of manual contouring of
ice floes, an automated approach was preferred for
operational applications. Initial results with high spatial
CURRENT SCIENCE, VOL. 105, NO. 10, 25 NOVEMBER 2013
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Figure 3.

Histogram of ice-floe sizes. (a) In log scale (for clarity on low values) and (b) in linear scale.

dynamic processes of sea-ice. Periodic acquisitions are
now being planned to study the temporal variations of the
ice-floe size distribution and concentration to support icefloe formation processes and climatic impact studies.

Figure 4.
tude.

Table 2.

Cumulative histogram of floe size distribution with lati-

Ice floe size ranges (diameters) for histogram binning

No. of floe pixels
< 10
11–110
111–1110
1111–2220
2220–5550
>5550

Median value
5.5
60.5
610.6
1665.6
3886.1

Estimated diameter (m)
24
79
251
415
633
>633
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resolution data have provided some interesting elements
in terms of the floe size distribution and its patterns at
different latitudes, which will aid in understanding the
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