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Abstract
The detection and characterisation of dynamic phe-
nomena on Mars can benefit from the systematic
reconnaisance of the martian surface through high-
resolution orbiter imagery. The original frame-
work implies the straightforward detection of surface
changes through the comparison of multi-temporal im-
ages acquired from a single instrument. However,
up until the present-day, mainly single-instrument im-
age pairs significantly limit the time and areal cover-
age range on which change detection techniques can
be applied. Therefore, we have developed a pipeline
that performs multi-instrument co-registration of or-
bital images, thus allowing the automatic detection
of changes in images originating from different or-
biter cameras. This work summarises the developed
pipeline and shows some examples of surface changes
that were detected with the help of multi-instrument
co-registration.

1. Introduction
The high-resolution mapping of the Martian surface
through orbital cameras started with Viking Orbiter
1 & 2 twin missions, which were launched in 1975,
and was achieved between 1976 and 1980 at global
medium resolution coverage of Mars, while also ac-
quiring images with resolution as fine as 8 metres
per pixel. After Viking Orbiter, four more orbiters,
three from NASA and one from ESA, have been sent
to Mars to image its surface with high-resolution im-
agery, which since 2007 reach to 25 centimetres per
pixel for HiRISE images. The systematic reconnai-
sance of Mars with high-resolution images have al-
lowed the identification of previously undiscovered
dynamic surface phenomena and unusual surface fea-
tures [1], as well as the examination of surface com-
position and geological history [2].

A crucial role in this analysis is played by change
detection modules, in which two images acquired at

different time are compared in order to try to iden-
tify surface features that have changed in the mean-
time, irrespective of the lighting conditions but with
little or no obscuration from clouds or dust. While
change detection was originally tackled in a manual
and non-systematic way, the increasing imaging rate
with high resolution implies the need for a fully auto-
matic approach that would maximise the exploitation
of the available data. As a result, techniques that aim
at automatic surface change detection are being intro-
duced [3], [4]. However, these few approaches tackle
only the last part of a fully automatic temporal change
detection pipeline, which is the change identification
and classification, thus assuming the implied success-
full co-registration of the input images.

Most automatic co-registration techniques are based
on assumptions that limit their use in single-instrument
image pairs. In order to allow the comparison of
images acquired from different instruments we have
developed a multi-instrument co-registration pipeline,
which use HRSC orthorectified images (ORI) and dig-
ital terrain models (DTM) as a baseline so as to project
all NASA images onto the same coordinate system.
Subsequently, the co-registered images are examined
for changes using an automatic classification scheme.

2. Method
Initially, the input images are co-registered using
an HRSC ORI and DTM as a baseline. The co-
registration employs SIFT points [5], which are
matched through an elaborate iterative process called
coupled decomposition [6], before the matched points
are used to determine a camera model that projects the
input image into the HRSC coordinate system.

At this stage, the co-registration results may be used
to indicate candidate changed regions. As a matter
of fact, since the pixels of a pair of co-registered im-
ages correspond to the same location, a straightfor-
ward pixel-wise comparison (e.g. through correlation)
would signify pixel-level changes. Since change de-
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tection using such correlation is rather computation-
ally demanding when performed on the complete im-
age strips (especially, since the latter can reach up to
10 gigapixels), we use pixel-level changes to prioritise
regions-of-interest (ROIs) in the image pair. Subse-
quently, the change detection pipeline is executed in-
dependently in each ROI.

The latter is based on a Support Vector Machine
(SVM) [7] classification scheme. More specifically,
pixel features are extracted from each ROI to repre-
sent the candidate changed area. These features are
the input into a SVM classifier that discriminates be-
tween actual changes and non-informative ”changes”
(e.g. ”changes” triggered from different point spread
functions).

3. Results
Some examples of surface changes discovered in
multi-instrument high-resolution pairs are given in
Figures 1 and 2. All images show an area of 9X7 kilo-
metres, with the North being placed at the top. The left
sub-image in both examples is a HRSC orthorectified
image, with resolution 12.5 metres per pixel, while the
right sub-image is a CTX image (orthorectified using
our co-registration pipeline), with resolution approxi-
mately 5.5 metres per pixel. Finally, the temporal dis-
tance between HRSC and CTX images is in both cases
approximately 2 Martian Years. More surface changes
will be shown in the EPSC presentation.

Figure 1: (a) HRSC image (b) CTX image.
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