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The ability of cross-polarized X-band radar to differentiate different ice states, including new ice, nilas, young ice (includ-
ing grey ice and grey-white ice), and thin first-year ice, is investigated. Cross-polarized X-band radar is employed on the
Canadian Coast Guard Ship (CCGS) Henry Larsen, which is capable of measuring the depolarization characteristics of sea
ice. The CCGS Henry Larsen recorded several hours of raw radar data (including the radar data from several ice states)
off the Northeast Coast of Newfoundland during several days in March 2012. On the basis of the collected data, the depo-
larization characteristics of ice states are analyzed for the grazing angles less than 3�. The results show that the depolarized
backscattered wave is stronger when the ice is covered with snow and snow ridges and when the ice floes are smaller.

INTRODUCTION

The determination of safer routes through ice-infested waters is
important for the safe navigation of vessels in arctic regions. Fol-
lowing routes that have minimum ice concentration, vessels not
only can maintain a safe journey, but they also can reduce transit
times and fuel consumption. Ice charts, which classify different
ice types and concentrations on a map, are often used as a navi-
gational aid, but they cannot be trusted when weather conditions
are changing rapidly, as is often the case in arctic regions, which
leads to rapidly evolving ice conditions.

In recent years, polarimetric satellite Synthetic Aperture Radar
(SAR) has been used to classify ice types and ice thickness on
the basis of the electromagnetic wave depolarization (Kim et al.,
2012; Arkett et al., 2007). Multi-Year Ice (MYI) depolarizes the
incident electromagnetic wave more than First-Year Ice (FYI) due
to the lower salinity of the MYI, allowing the waves to penetrate
inside the MYI where they become depolarized by the air pockets
and internal air bubbles.

Although ice classification has been made possible by satellite-
based remote sensing, satellite services are relatively expensive,
and they do not provide real-time imagery. Investigation has been
started to develop shipborne radar capable of providing real-time
ice classification (Lewis et al., 1987; Orlando et al., 1990) that
compares the backscattered co- and cross-polarized radar signals
for MYI, FYI, and glacial ice. However, the data acquisition and
analysis of different FYI types have not been described in the
literature yet. Orlando et al. (1990) showed that using both co-
and cross-polarized images improves the ice classification perfor-
mance. They also concluded that most of the classification infor-
mation is in the co-polarized return signal, while the classification
between the MYI and icebergs is improved by the consideration
of the cross-polarized backscattered signal.

The resistance of a ship in pack ice increases when the ice
becomes thicker and the ship has to increase engine power in
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thicker ice up to the permitted ice thickness where damage can
occur that is established by the manufacturer. Ice charts prepared
on the basis of the collected information from satellites, ships,
and aircrafts play an important role for ship operators during route
planning. However, there is no on-board sensor currently available
in the market that is capable of detecting the ice type and ice
coverage. Developing such a sensor can provide the information
required for adjusting the vessel route and engine power on the
basis of real-time ice coverage information.

This paper presents the experimental results obtained from the
analysis of depolarized backscattered radar signals from differ-
ent ice states with thickness less than 70 centimeters. The radar
data used in this paper was collected off the Northeast Coast of
Newfoundland by the CCGS Henry Larsen from March 15 to 17,
2012 through the use of a prototype cross-polarized X-band radar
system.

RADAR SETTINGS

A cross-polarized X-band radar system, consisting of two radar
antennas and two transceivers, was installed on the CCGS Henry
Larsen during the trial as shown in Fig. 1, with the horizontal
polarized antenna transmitting and receiving (HH) and the ver-
tical polarized antenna receiving (HV) simultaneously. The main

Fig. 1 Cross-polarized X-band radar system installed on the
CCGS Henry Larsen, capable of measuring co-polarized and
cross-polarized radar return signals


