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ABSTRACT

K_-band brightness temperatures of
winter sea ice, acquired using an
airborne passive-microwave imager
(KRMS), carry sufficient information to
segment images into four classes: open
water, new ice (frazil), old ice, and
first-year ice. Brightness temperatures
displayed by new ice and nilas, however,
overlap temperatures characteristic of
0ld ice and first-year ice, and limit
the utility of classification schemes
based solely on K_-band brightness
temperature. Numeric descriptors of
texture and shape are required if
accurate machine classification of sea
ice images is to be achieved.

I. INTRODUCTION

The primary objective of NORDA's
K_-band Radiometric Mapping System
(RRMS) program is to develop an
operational imaging system that can
produce detailed information concerning
sea ice conditions over broad regions of
the arctic. ToJ this end, methods
suitable for automated classification of
different ice types from remotely sensed
data are being investigated. A plan of
experiment has been formulated that will
evaluate the feasibility of developiny
an automated system which, when used in
conjunction with airborne K_-band
imagers, will provide these data in real
time.

Typical scenes of sea ice include
complex assemblages of surface types
(Fig. 1). Open water, new ice, nilas,
younyg ice, first-year ice, second-year
ice, and multi-year ice occur in close
proximity to each other. Previous
experiments (Gloersen, et al., 1981;
Troy, et al., 1981, 1982; Cavalieri, et
al., 1983; Comiso, 1983) suggest that

many of these ice types can be
distinguished from each other on the
basis of their radiometric
characteristics at K_-band freguencies
(26.5 to 40.0 GHz) (Pig. 2). Each of
these surfaces, then, should be
portrayed uniquely in images composed of
brightness temperature measurements made
within the K_-band. Coanventional,
non-numeric methods of image
interpretation applied to uncalibrated
KRMS images support this conclusion
(Ketchum and Lohanick, 1977; Ketchum, et
al., 1983). -

The simple classification method
discussed here is based on K_~band
brightness temperatures alone and
represents an initial step toward
automated classification of K_-band
images of ice. Our intent is to define
the extent to which KRMS brightness
temperature data alone, applied without
regard to more complex descriptors of
texture and shape, can be used to
discriminate between winter ice types.

II. INSTRUMENT DESCRIPTION

The KRMS is an airborne
passive-microwave imager that operates
at a center frequency of 33.6 GHz. The
instrument is pod mounted and, in its
preseat configuration, is hung from the
bomb bay of an RP-3A aircraft. Three
parabolic antennas mounted 120° apart on
a single shaft rotate about a horizontal
axis within the pod and scan across the
flight track. Use of three antennas
permits continuous ground coverage to be
obtained at flying altitudes above 1000
feet. Although each antenng scans 120
centered at nadir, only 100~ of the 120
cross-track scan is used, making
cross—track coverage is equal to 2.38
times altitude (725 meters (2380 feet)
per 1000 feet of altitude). Antenna

o
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Figure 1. Passive K_-band image of sea ice. Radiometrically cool
surfaces (open water) are depicted by light tones. Radiometrically warm
surfaces (first-year ice) are depicted by dark tones. Multi-year ice floes
(dappled grey) predominate in the central portion of the scene. A small
pody of open water (white) is present at top center. First-year ice
(black) is present along thu right sidu of the image. New ice and nilas
are present at bottom center and along the left margin of the scene. Area
imaged is 11,900 feet crosstrack (side to side) by 10,500 downtrack.

beamwidth is 1° so that spatial
resolution of the unprocessed signal is
16 feet per thousand feet of altitude.
Radiometric sensitivity measured in the
laboratory is 0.05 Kelvins/second.
Operational sensitivity is 0.5 Kelvins
or better. Engineering characteristics
of the instrument are given in Table 1.

Microwave radiation emanating from
the surface is converted to an RF signal
by KRMS electronics and recorded on
analog tape in flight. Upon completion
of a mission, geometric and radiometric
aberrations are corrected and the analog
data are converted to digital form (12
bits/pixel, 512 pixels/scan). Signal
intensities are calibrated such that
they correspond to brightness

temperatures (T,) of imaged surfaces
according to procedures described by
Eppler, et al. (1984).

III. NUMERICAL IMAGE CLASSIFICATION

Data used for this study were
collected on 20 March 1983 from 5000
feet altitude along a track extending
240 miles offshore from Barrow, Alaska.
Coincident high resolution aerial
photographs (Wild RC-10 mapping camera),
surface temperature (thermal) traces
(Barnes PRT-5 radiometer), and surface
roughness profiles (Spectra-Physics
laser profiler) were obtained in
conjunction with KRMS data.
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Table 1. KRMS Technical Characteristics.

RF AMPLIFIER:

ANTENNAS :
number 3 type Superheterodyne (DSB)
diameter 24 inches noise less than 5.0 db
polarization vertical bandwidth 1.3 GHz
beam width 1.0° gain greater than 60 db
isolation 40 db (minimum) loss 1.2 db (maximum)
SCANNNER: RADIOMETER:
maximum scan rate 25 scans/second type pulse stabilized,

(40 ms/scan)

7.5 scans/second
(138 ms/scan)
+60° from nadir

minimum scan rate

scan angle
midscan incidence
angle 0~ (nadir)

3.46 x altitude

@]

scan width
antenna position
accuracy 2.5 minutes of arc
STABILIZATION:
method
accuracy

better than 0.25

crosstrack roll gyro

pulse width

local oscillator
frequency

IF bandwidth

video bandwidth

video gain

minimum detectable

signal
sensitivity
dynamic range

total power
4.0 Ms

33.6 GHz
greater than 500 MHz
1.7 KHz (maximum)
72 @b (nominal)

0.05 K/second
50 mv/K (nominal)
370 K
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Figure 2. Radiometric brightness
temperature as a function of frequency
between 14 and 90 GHz for four ice types
(from Troy, et al., 1981). Within the
range of K_=-band frequencies (shaded),
brightness temperatures measured for
first-year ice, young ice, new ice, and
multi-year ice fall within discrete
ranges that do not overlap.

In order to define the radiometric
characteristics of different ice types,
the frequency distribution of brightness
temperatures displayed by training areas
encompassing each ice type was

determined.

Aerial photographs were

used to delineate numerous examples of

open water, new ice,

nilas, young ice,

first-year ice, second-year ice, and

multi-year ice.

Pixel coordinates for

each of these training areas were
identified on KRMS microwave images.
Maximum and minimum brightness
temperatures and the mean, variance, and
standard deviation of all pixels within

each training area were computed.

These

summary statistics delineate the extent
to which winter sea ice can be
classified on the basis of K_~band
brightness temperature alonea(Fig. 3).

Open water is radiometrically the
coldest surface in any of the scenes

analyzed.

By itself it defines a class

characterized by brightness temperatures
that fall between 135K (135 Kelvins) and

155K.

Temperatures measured for

second—-year ice and multi-year ice

overlap.

These two ice types are

grouped together to form a second class

that consists of old ice.

0ld ice is

characterized by intermediate
temperatures that range from 155K to

210K.

ice and first-year ice overlap.

Temperatures measured for young

These

two ice types are lumped together to
Form a third class characterized by
radiometrically warm temperatures that
fall between 210K and 248K.
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Temperature limits for these ice
types were used to define breakpoints
with which to segment KRMS images into
major ice classes. KRMS scenes were
classified according to this three-level
scheme (Fig. 4). Although open water,
first-year ice, and old ice surfaces
generally were classified correctly,
several shortcomings of the three-level
scheme became evident. First, zones of
frazil and slush included within areas
of open water were classified
incorrectly as open water. Therefore,
the range of brightness temperatures
first assigned to open water (135 to 155
K) was divided into two categouries, one
from 135K to 145K that corresponds
primarily to open water, and another
from 145K to 155K that corresponds to
frazil and slush.

Second, detail of features within
0ld ice floes and first-year ice and
young ice was lost because a single grey
tone was used to represent the entire
range of brightness temperatures
assigned to each category. In terms of
digital classification of the images,
this is of small conseguence. It
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FIGURE 3. Summary statistics for
training class data (from Eppler, et
al., 1984). The range of values plotted
for each ice category is based on
statistics calculated for pixel values
included in training areas selected for
different ice types. The lower end of
each bar represents the minimum value
calculated for one standard deviation
below means of all training areas
sampled for each category. The upper
end of each bar represents the maximum
value calculated for one standard
deviation above means for training areas
in each category.

detracts, however, from visual analysis
of classified images. Therefore, the
range of values representative of each
class was divided into subclasses along
arbitrary temperature boundaries
(155K-168K, 168K-183K, 183K-195K,
195K~-200K, and 200K-210K for old ice;
210K-219K, 219K-224K, 224K-230K, and
230K-248K for young/first-year ice).
Incorporation of these changes results
in an eleven~-tone image (Fig. 5) in
which four types of winter surfaces are
seguented: (1) open water, (2) frazil,
(3) old ice, and (4) young/first-year
ice.

IV. DISCUSSION

Work outlined above defines the
extent to which winter ice can be
classified if K_-band brightness
temperatures alone are used. Although
open water, new ice (frazil), old ice,
and young/first-year ice are segmented
reliably, second-year ice is
indistinguishable from multi-year ice
and young ice is indistinguishable from
first-year ice. Furthermore, other ice
types analysed (new ice and nilas) are
characterized by brightness temperature
ranges that overlap ranges used to
define the four segmented classes (Fig.
3). Temperatures measured for new ice
(shuga), for example, coincide with the
upper (warm) end of the old ice class:
temperatures typical of nilas overlap
the lower (cool) end of the
voung/first-year ice class.

Results of this preliminary study
identify areas within the general ice
classification scheme in which
techniques more sophisticated than
brightness temperature analysis must be
applied if K_-band images of ice are to
be segmented adequately. Non-numeric
methods of image analysis employ visual
cues to discriminate between different
types of ice. Information concerning
overall brightness temperature is
supplemented with the shape and texture
of ice floes in question. These same
functions must be implemented
numerically to achieve accuracy
comparable to manual methods.
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Figure 4. KRMS image segmented into three levels.

first-year ice are black.

Open water is
white, o0ld ice and most types of new ice are grey, and young ice and

Image is the same as that shown in Figure 1.
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Figure 5. KRMS image segmented into eleven

levels.
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