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Abstract

With a mean diameter of 952 km, dwarf planet Ceres
is the largest object in the main asteroid belt. Here we
classify Hubble Space Telescope (HST) albedo devia-
tion map of Ceres calculated in three bands, using the
Spectral Angle Mapper (SAM) classification method.
The data are available in the PDS Small Bodies Node
and are described in [1]. Our classification allows
the identification of regions of interest on Ceres, and
to distinguish areas with similar spectral characteris-
tics. Our work is in support of the arrival of the Dawn
spacecraft at Ceres in 2015.

1. Introduction

NASA’s Dawn mission to Vesta and Ceres will ap-
proach Ceres in the spring 2015 [2]. The spacecraft
carries a visible and infrared imaging spectrometer
(VIR) [3] that will allow determination of the objects’s
surface mineralogy. Ground-based telescopic studies
of Ceres [4, 5] reveal the great differences in compo-
sition between Ceres, and the other two largest aster-
oids of the main belt, Pallas and Vesta [5]. Theoretical
modeling of the spectral properties of carbonaceous
chondrites [6, 7, 8], and the discovery of the pres-
ence of hydration features [7], reveal the connection
between Ceres spectra and those of the hydrated mete-
orites. The derived, relative albedo map of Ceres ob-
tained by HST observations, revealed different albedo
regions [1]. Here we classify this map to study the ho-
mogeneity of Ceres’s surface and the connection be-
tween the different regions.

2. Data set description and analysis

In this work we use the albedo deviation map derived
by [1]. The data are available in the NASA PDS Small

Bodies Node in three wideband filters centered at 223
nm, 335 nm and 535 nm, respectively, with a spa-
tial resolution of 30 km/pixel, and represent the de-
viation of each band from the visual geometric albedo
of Ceres [1, 9]. We build a file with the three maps and
we apply the SAM classification method [10, 11]. To
select the endmemembers we used the ISODATA clus-
tering method. ISODATA is an unsupervised method,
and is useful when no a priori informations are avail-
able on the statistical universe under consideration,
and can be used to properly extract the endmembers
for the supervised classifications [10]. The algorithm
automatically selects clusters of data sharing similar
values in the multi-dimensional parameter space [10].
Here we applied the ISODATA to automatically ex-
tract the spectral endmembers. We then selected a
plausible number of homogeneous spectral units, com-
prised between 3 and 10. Finally, we used the spec-
tral endmembers derived by ISODATA to classify the
albedo map with the SAM supervised classification
method [11, 12]. SAM compares every single spec-
trum in the dataset with the spectral endmembers to
determine their degree of similarity, by computing a
"spectral angle" between them [10, 13]. The spectra
are considered as vectors in a space with dimensional-
ity equal to the number of bands. SAM considers only
the direction of the spectra [10, 13].

3. Results

ISODATA clustering method identifies six spectral
endmembers (Fig. 1, 2). In Fig. 1 and 2 we show
results obtained from the SAM classification using the
spectral endmembers extracted with ISODATA. In our
case, SAM detects four different areas: Region A, lo-
cated between 0°E and 180°E, is largely variegated, all
spectral units being represented in this area. Region
B (180°E-270°) is rather homogeneous and is repre-



sented by one unit (blue); Region C (270°E-360°) is
similar to Region A but includes a smaller number of
units (red, green, yellow, with small magenta areas).
Finally, Region D is located between regions A and
C, and is represented by the same units of region B
(blue). SAM classifier allowed us to distinguish ar-
eas with homogeneous spectral characteristics. The
results obtained with the Hubble data must be consid-
ered in light of the small number of bands and the rela-
tively limited spectral range. The work presented here
provides a preview of the type of analysis that can be
conducted when VIR data of Ceres become available.
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Figure 1: Top: RGB image of the Ceres albedo devi-
ation. R: 535 nm, G: 335 nm, B: 223 nm. Middle:
Endmembers found with ISODATA. Bottom: Results
of the SAM classification.
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Figure 2: Mean spectra of the classes relative to the
SAM classification.
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