
PROCESSING APPROACHES FOR OPTIMAL SCIENCE EXPLOITATION OF THE CHEMCAM REMOTE 
MICROSCOPIC IMAGER (RMI) DURING THE FIRST 90 DAYS OF CURIOSITY OPERATIONS. Y. Langevin1, B. 
Gondet1, S. Le Mouélic2, O. Gasnault3, K. Herkenhoff4, D. Blaney5, S. Maurice3. R. Wiens6 and the MSL Science Team.  
1Institut d’Astrophysique Spatiale (IAS), CNRS / Univ. Paris Sud, France [yves.langevin@ias.u-psud.fr]. 2Laboratoire de Plané-
tologie et Géodynamique, CNRS, Nantes, France, 3Institut de Recherche in Astrophysics and Planetology (IRAP), Toulouse, 
France. 4US Geological Survey, Flagstaff, USA. 5Caltech, Jet Prop. Lab., Pasadena, USA. 6Los Alamos National Laboratory, 
New Mexico, USA. 7School of Earth & Space Exploration Arizona State University, USA.  

 
Introduction: The Remote Microscopic Imager (RMI) 
camera operating on Curiosity as part of the Chemcam 
instrument [1] combines a camera head inherited from 
the CIVA experiment [2] on board ROSETTA and 
optics with focus adjustment capabilities developed at 
IRAP so as to provide imaging capabilities from 1 m 
to infinity. The FOV is 6 cm at 3 m. During the first 90 
days of operations, RMI provided excellent context 
images for LIBS analyses, with unambiguous identifi-
cation of laser spots (see companion abstract [3]). 
There has been strong interest within the science team 
for the imaging capability of RMI as it proved quite 
complementary to Mastcam and Navcam for imaging 
at very high resolution distant rocks and soils.  A de-
tailed analysis of the performances of RMI and of pro-
cessing approaches which maximize its science return 
is therefore of interest for MSL. Due to the variable 
focus optics, the photometric efficiency (flat field) 
decreases by more than a factor of 2 from the center to 
the edges. In this contribution, we focus on the camera 
head, drawing from tests performed on the ground and 
in flight with the CIVA and RMI cameras 
 
The RMI camera head: The Thomson-CSF 
TH7888A detector (1024 x 1024 pixels, 10 bits) has 
excellent performances in terms of read noise and pho-
tometric variations. An analog amplification stage 
makes it possible to select 16 values for the actual gain 
within a range of 1 to 4. For RMI, only gain settings 
10 to 15 are considered, which provide a range of 1 to 
2.  
 

 
Figure. 1: photometric response of RMI for gain set-
ting 13 derived from tests on both CIVA cameras and 
RMI then validated with in-flight RMI performances. 

The photometric response varies from model to model. 
As demonstrated by Fig. 1, it is very close to linear 
over 80% of the dynamics in terms of output (670 
DN’s for RMI with gain setting 13). Beyond that, the 
gain in electrons per additional DN increases very rap-
idly, the saturation level (840 DN) being approached 
asymptotically.  
Impact on non linearity on RMI images: This be-
havior extends the dynamics, but high DN values need 
to be corrected from the non linear response. As 
demonstrated by Fig. 2, reprocessing the images on 
this basis much improves the effective spatial resolu-
tion in bright areas and it corrects for an apparent 
darkening near the center, where the flat field is largest 
(see also [3]).  
 

  
 

Figure 2: central part of “coronation” rock without 
(left) and with (right) non linearity correction (full 
image in a companion abstract [4]) 
 

Signal/noise: Series of images of the same target taken 
in very similar conditions (albeit with different analog 
gains) made it possible to confirm the excellent sig-
nal/noise performances of the detector, up to 350 in the 
linear range from the noise model in Fig. 3 (shot 
noise,digital noise, read noise of 40 e-).  
 

 
 

Figure 3 : Sig-
nal/noise as a 
function of DN 
level (gain set-
ting 13); red 
dashed line : 
noise model; 
green solid 
line: extracted 
from the data 
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Variations in temperature: In order to correct for 
non linearity, one has to take into account that the sat-
uration level is up to 40 DN higher at room tempera-
ture (pre-launch RMI tests) than at -30° (first RMI 
images). This has a major impact on values close to the 
saturation level.  
 

 
Figure 4: The temperature of the mast unit increases 
with solar time (e.g. red stars corresponding to images 
taken during a single sol) and with Chemcam opera-
tions (green stars: 30 consecutive RMI images).  

 

Selection of optimal operating parameters for RMI; 
automatic exposure time adjustment: The first 90 
days of operations confirmed the nominal behavior of 
the RMI camera head. A range of analog gains from 
12 to 15 were tested during that period. The Sig-
nal/noise evaluation presented on Figure 3 demon-
strates that the impact of digital noise (0.289 DN) is 
very small even for the lowest values within the FOV 
(~ 150 DN). The Chemcam team therefore decided to 
use from then on a single analog gain (14) which does 
not reach digital saturation (1023) whatever the operat-
ing temperature. Furthermore, all images except for 
specific tests are now taken with an automatic expo-
sure selection procedure inherited from the CIVA 
camera on board ROSETTA, which adjusts the expo-
sure time within a range of 1 to 47 so that no more 
than 2% of pixels fall out of the linear range and no 
more than 25% of pixels lie below 256 DN.  All imag-
es obtained with this operating scheme could be ex-
ploited without non-linearity corrections. 
 
Effective spatial resolution of RMI: The profile of a 
single pixel bright features (Figure 5) demonstrates 
that with the optimal focus the spatial resolution of 
RMI is in the range of 2 pixels for best focus. For 
achieving these performances, the contribution of pho-
tons accumulated during the frame transfer must be 
taken into account, as this smearing constitutes a sig-
nificant fraction of the signal for the bottom part of 
each image for exposure times of 15 msec or less. 

 
 
Depth of field and Z-stack images: The major limita-
tion on the spatial resolution of RMI is its depth of 
field (typically 1 cm at 3 m for best focus). The 
Chemcam team has therefore implemented 3 “z-
stacks” with up to 13 successive images with increas-
ing focal length. Le Mouelic et al. ([3]) presents the 
results of the Heliconfocus software. Given the interest 
of this technique in obtaining both distance infor-
mation and in-focus full images, an independent ap-
proach was implemented which first co-registers the 
images then determines that with the highest infor-
mation content in each area (Fig. 6). The two methods 
give similar results, and the observed (small) differ-
ences provide an indication of the level of confidence 
in distance and focus determinations by both methods. 
 

 
 
Conclusions: the RMI imager is demonstrating re-
markable capabilities both for providing context in-
formation to Chemcam LIBS analyses and for provid-
ing HR imaging of distant rocks and soils. The S/N 
and intrinsic flat field of the CCD are excellent. Ade-
quate processing methods make it possible to recover 
from overexposure. Distance information and high 
spatial resolution can be reliably obtained over the 
FOV with “z-stacks” with two independent methods. 
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Figure 5: The profile of a 
single pixel feature (green) 
modeled by a gaussian 
peak integrated across 
each pixel (blue) has a 
FWHM of 1.8 pixels. 

Figure 6: distance 
map obtained from a 
stack of 7 images of 
“pekanatui” rock. 
Dark regions are 
farthest and bright 
regions are closest. 
The distance could 
not be evaluated in 
red areas outside the 
FOV or within 
shadows 
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