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ABSTRACT   

The ESA-Russia Rosalind Franklin (ExoMars 2022) rover, with its unique 2m drill, will address key questions in the 

search for life on Mars. PanCam will establish the surface context, with other instruments, providing geology, 

atmospheric science and 3D vision. PanCam uses a pair of Wide Angle Cameras (WACs), each with an 11 position filter 

wheel, and a High Resolution Camera (HRC). The cameras and electronics are in an optical bench that provides the 

interface to the rover and planetary protection.  PanCam includes a calibration target mounted on the rover deck for 

radiometric calibration, fiducial markers for geometric calibration and a rover inspection mirror. 
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1. INTRODUCTION  

The search is on for evidence of life elsewhere else in the Universe. At the moment, the only life we 

know of is on Earth. In our solar system, the most likely places for life beyond Earth are Mars, 

which we discuss here, but also Jupiter’s moon Europa, and Saturn’s moons Enceladus and Titan, 

and maybe the clouds of Venus. 

 

Mars is one of our nearest targets for finding extraterrestrial life. 3.8-4 billion years ago, Mars was 

much warmer and wetter, as shown by several space missions; it also had a magnetic field, 

volcanism and was habitable at that time.  

 

Now, Mars is dry, has only crustal magnetic fields and extinct volcanoes. It also has a very thin 

carbon dioxide rich atmosphere, with only 1% of Earth’s atmospheric pressure, varying daily and 

seasonally1. The surface is extremely harsh for life, as the temperature varies between 0-10 degrees 

C by day and -100 to -120 degrees C at night. The thin atmosphere also means that the surface is 

bathed in harmful ultraviolet light, and the lack of a global magnetic field allows a high radiation 

environment at the surface, with cosmic rays from the galaxy and the Sun. 

 

The Rosalind Franklin (ExoMars 2022) rover (see Figure 1) is the only planned mission designed to 

drill 2m under the harsh Mars surface2, and thus has the best chance of detecting biomarkers. It will 

analyse samples from the sub-surface in-situ, and send data back to Earth via the ExoMars Trace 



 

 
 

 

 

 

Gas Orbiter and other orbiters, already in Mars orbit. The rover was built by Airbus Defence & 

Space in Stevenage, UK, and the prime contractor for the whole mission is Thales-Alenia Space in 

Italy. Key mission elements, including the Kazachok landed platform, are made by Lavochkin in 

Russia, all overseen by ESA and Roscosmos. 

 

2. THE ROSALIND FRANKLIN ROVER 

The capable instrument complement includes ‘context’ instruments (PanCam – our scientific camera 

system3 – see below), an infrared spectrometer ISEM4 for mineralogy, a ground penetrating radar 

WISDOM5 for subsurface rock outcrop and water ice detection, a neutron detector ADRON6 for 

sub-surface hydrogen, inferring water, and a close-up imager CLUPI7. In the tip of the drill is the 

miniaturised visible and infrared Ma_MISS8 instrument, for subsurface geological context. The 

drilled samples are analysed inside the rover with the ‘analytical drawer’ instruments MicrOmega9, a 

visible-infrared spectrometer, a Raman laser spectrometer10 which does mineralogy from 

fluorescence, and the Mars Organics Mass Analyser MOMA11.  

 
Figure 1. The Rosalind Franklin (ExoMars) rover (courtesy ESA). PanCam is at the top of the mast about 2m above the 

Martian surface. The Kazachok landed platform is in the background. 

 

The Kazachok landed platform also includes an excellent array of instruments for science 

measurements complementary with those of the rover. 

 



 

 
 

 

 

 

The mission is planned for launch on 20 September 2022 and landing on 10 June 2023. The lifetime 

is 211 ‘sols’ (Martian days, each 24 hours and 40 minutes), so the end of mission will be 

approximately January 2024. 

 

The rover is named after Rosalind Franklin, the brilliant X-ray crystallographer, whose work was 

critical to Watson and Crick’s discovery of the double helix structure of DNA. 

 

 

3. OUR INSTRUMENT – PANCAM 

PanCam3, the Panoramic Camera system, provides the science ‘eyes’ of the Rosalind Franklin rover. 

It consists of three cameras – two ‘wide angle’ cameras (WACs) and a High Resolution Camera 

(HRC) (see Figure 2). The instrument characteristics are summarised in Table 1. 

 
Figure 2. The PanCam optical bench (schematic3). The two WACs are separated by 50cm. Courtesy UCL-MSSL 

The separation of the two WACs is 50cm, providing better stereo reconstruction than possible with 

the human eyes, and mm resolution at 2m (the height of the mast). Each WAC has a filter wheel 

with 11 filters (see Figure 3). These include broad R,G and B filters for colour, narrower geological 

filters for rock composition, and the narrowest are atmospheric filters which will be used to 

determine water abundance between the Sun and the camera. The geological filters have been 

selected to provide the best determination of water rich minerals using multispectral analysis12,13. 

The atmospheric filters will be used near Martian sunset to determine the profile of water in the 

atmosphere and linking with atmospheric escape. 

 

The HRC acts like a ‘telescope’ to provide sub-mm resolution at 2m from the camera, providing 

rock texture. 

 

The optics and the electronics (a PanCam Interface Unit and a DC-DC converter)  for PanCam are 

housed in an ‘optical bench’, on top of the rover’s mast. This provides protection against dust and 

also a ‘planetary protection’ barrier. Cleanliness has been a key part of this mission, as we must try 

to avoid false life detection on Mars by taking it from Earth. 



 

 
 

 

 

 

 

As well as the optical bench, so-called ‘small items’ are also part of PanCam. These include a colour 

calibration target, fiducial markers and a Rover Inspection Mirror for seeing obstacles under the 

rover itself. With this we are able to get the combination of stereo, colours, shapes and scales. 

 

We have a large and capable team of scientists and engineers on the team3. The hardware has come 

from the UK (UCL-MSSL – filter wheels, PanCam interface unit, DC-DC converter & optical 

bench, and Aberystwyth - small items), with the WACs from TAS-CH in Switzerland and the HRC 

from DLR and OHB in Germany. 3D vision software is from JR in Austria. The science team 

includes experts from 9 countries, a truly international endeavour as most of the instruments on 

board. The mission is highly collaborative and the data from all the instruments are complementary.  

 

 
Figure 3. The flight filter wheels, showing the centre wavelength and bandwidth of each filter (nm). Courtesy UCL-MSSL 

 

A number of field trials have tested the instrument14 and the team on Earth to make them ready for 

working with data from Mars, and to enable them to make quick decisions in the daily operations 

planning15. The rover and the mission will be guided by both science and engineering. 

 

In August 2019, PanCam was integrated onto the rover mast (see Figure 4). It was especially 

gratifying at that time to see the ‘first light’ from PanCam on the rover, showing that everything 

works all the way from PanCam through the rover systems and transmitted for scientific analysis 

(see Figure 5). Good calibration is vital for the scientific interpretation of the data, and we made time 

for these measurements, both radiometric and geometric, in the tight timescale of the instrument 

delivery. We have also simulated the views through PanCam’s scientific ‘eyes’16. 

 

 



 

 
 

 

 

 

Table 1 - Main PanCam characteristics (adapted from3) 

 WACs (x2) HRC 

FoV (º) 38.3 x 38.3 4.88 x 4.88 

Pixels 1024 x 1024 1024 x 1024 

Filter type Multispectral Filter Wheel RGB 

Filter number 11 (x 2 eyes) Bayer 

IFOV (rad/pixel) 653 83 

Pixel scale at 2 m (mm)  1.31 0.17 

Focus Fixed (1.0 m–) Mechanical autofocus (0.98 m–) 

 

 

 

 
Figure 4. The flight model of PanCam on the rover, showing locations of the optical bench and ‘small items’. PanCam 

images courtesy UCL-MSSL - M. dela Nougerede, rover images courtesy Airbus – M.Alexander 



 

 
 

 

 

 

 
Figure 5. The ‘First light’ from PanCam on the rover, August 2019. (Left) courtesy Airbus –M.Alexander, (right) courtesy 

ESA/ExoMars/PanCam team. Matt Gunn (Aberystwyth) is shown with the rover in the clean room at Airbus. 

 

 

4. CONCLUSIONS  

To conclude, the Rosalind Franklin rover will provide an important new dimension on Mars – 

drilling 2m under the surface, the only mission planned to look for biomarkers there. This exciting 

mission has the best chance of finding traces of life on Mars, at least until Mars sample return 

missions later this decade. 

 

PanCam, with the other context instruments, provides geological and atmospheric context for the 

mission. We can’t wait for the launch in 2022 and landing in 2023! 
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