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Introduction:  The ExoMars 2020 Rosalind Frank-
lin rover is scheduled to be launched in summer 2020 
with a suite of instruments to investigate the Martian 
surface and near sub-surface [1]. The context instru-
ments: the Panoramic Camera (PanCam), composed of 
the two Wide Angle Cameras (WACs), and High Reso-
lution Camera (HRC), and the Infrared Spectrometer for 
ExoMars (ISEM) will be imperative in the selection of 
drill and analysis sites. The PanCam stereo imaging sys-
tem will be the primary mode of scientific observation 
during the mission with two multispectral WACs in the 
Visible to Near Infrared (VNIR, 440-1000 nm) range 
mounted at the top of the 2 meter mast [2]. Within the 
36° field of view of  the WACs, HRC will provide 5° 
field of view colour images at up to submillimetre reso-
lutions [2]. Lastly, ISEM can them be utilised within the 
WAC/HRC field of views to provide 1° spot size, hyper-
spectral coverage in the Near to Mid (1150-3300 nm) 
Infrared range [3]. In preparation for the mission, spec-
tral analysis tools are being developed to automate as 
much of the analysis process as is feasible to reduce 
time and effort costs during mission tactical planning 
and analysis, as well as improving ability to discrimi-
nate between different minerals of interest. Here we re-
port on our effort to constrain the spectral and spatial 
response of the context instruments for ExoMars using 
martian meteorite targets.  

Martian Meteorite Imaging: This study used in-
struments emulators for PanCam WAC, ISEM (ex-
tended to 300-2500 nm range to provide coverage of 
PanCam filter wavelengths for comparison, with both 
ISEM and contact imaging modes) and HRC to investi-
gate the spectral response of a variety of meteorites, in 
particular martian meteorites, to determine the instru-
ment spectral and spatial capabilities and build reliable 
mission analysis tools. Preliminary analysis has been 
undertaken on the largest of the martian meteorite sam-
ples. Meteorites were imaged at minimum mission con-
figuration, in semi-directional lighting and operated un-
der mission-similar protocols, i.e PanCam imaging at a 
minimum distance of 2 m, visual selection of HRC tar-
get regions and comparative ISEM targets were then se-
lected from within PanCam scenes [2]. The Shergottite 
Tissint, BM2012,M1, was imaged in this configuration 
to assess the instrument ability to distinguish visual and 
spectral features in the fresh face of the specimen. The 
PanCam emulator data was first flat-fielded, and 

environmentally colour and radiometrically corrected 
using the ExoSpec Software developed by the PanCam 
science team [4].   

Preliminary Results. The fresh face of Tissint is 
comprised of olivine macrocrysts (dominant pale mate-
rial) entwined with black glass veins [5]. These features 
can be distinguished visually in both the WAC and HRC 
images (Figure 1). The distinction in these features, 
however, is too small to target with the both the contact 
hyperspectral instrument and ISEM. Instead, we have 
used a decorrelation stretch to enhance the difference in 
the 530-570-670 channels,  surrounding a characteristic 
olivine feature,  which looks to distinguish between the 
bulk material and the glass veins, shown in Figure 2.  

Figure 1. Tissint BM.2012,M1, (a) RGB imaged with 
RWAC PanCam emulator at 2m. (b) Colour imaged with 
HRC emulator at 2 m.  
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The spatial resolution difference in the instrument, an order 
of five times higher for HRC at this distance, is clear. The 
multispectral data show a similar shape profile to the hy-
per-spectral data set over approximately the same region of 
interest (ROI) figure 3b, with an offset in reflectance due 
to the instrument’s throughput of the different  narrow band 
filters [6], shown in Figure 3.  By mapping the lower wave-
length portion, the LWAC filter wavelengths with better 
controlled target reflectance values, we can adjust for this 
drop to calculate the root mean square error of the multi-
spectra compared with the hyper-spectral of 3.6. This 
measure will allow us to compare our instruments’ dis-
crimination ability across multiple samples. The next steps 
will be to analyse the distance and contact VNIR and NIR-
Mid spectral data to compare the imaging modes. The sam-
ples will also be re-tested in an ‘optimum’ configuration 
allowing for higher resolution data across small surface 
variations. Following the thorough analysis of Tissint, the 
type specimens of the SNC group: Nakhla 
BM1913,26, Shergotty BM 41021 and Chassigny BM 
1985M173, will then be investigated to compare the 
spectral properties of the samples and the ability to 
discriminate between them. This will inform mission 
processing while analysing a tar-get against the martian 
surface. 

Figure 2. Tissint BM.2012,M1, LWAC with decorrelation 
stretch applied at 530-570-670 (represented as red, green 
and blue respectively) showing some spectral variation be-
tween main face material and black glass veins and fusion 
crust. 590 and 530 nm reside on either side of a character-
istic olivine peak. The variation in magenta to green indi-
cates 590/530nm (magenta) correlation and 570nm as 
spectrally distinct (green), showing some spectral varia-
tion of the face in channels around this peak. 

b 
Figure 3. (a) Tissint BM 
2012,M1, VNIR reflec-
tance spectra from Pan-
Cam and ISEM emulator, 
reflectance offset cause 
by the filter throughput 
and anomaly at 740nm 
where WAC transition oc-
curs [4], (b) Tissint spec-
tral ROI.  

Figure 4. HRC colour images of other target Martian 
SNC’s (a) Nakhla BM 1913,26, (b) Chassigny 
BM1985M173 (c) Shergotty BM 41021 at 2m distance. 

Further Meteorite Imaging: Iron, pallasite and 
chondritic meteorites have also been imaged to add va-
riety to the spectral sampling pool. As well as in the in-
terest of the instrument spectral and spatial response, 
meteorite finds on Mars have been a rising topic of in-
terest [7], they represent an interesting avenue to study 
questions of habitability beyond earth [8],[9]. We also 
aim to develop methods of identifying meteorite targets 
on Mars from spectral and visual feature detection for 
the ExoMars instrument pipelines.  
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