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Introduction:  The Autonomous Exploration 

Gathering for Increased Science (AEGIS) software 
suite [1] was uploaded to the Mars Science Laboratory 
(MSL) mission’s Curiosity rover in late 2015 and test-
ed on the surface of Mars over several months [2].  On 
6 May 2016, the system was approved for use by the 
MSL science operations team, and first ran in routine 
science operations on sol 1343.  This abstract gives an 
overview of initial use of the system, results, and its 
effects on ChemCam and MSL operations and science 
productivity. 

Overview of the AEGIS system:  AEGIS is an in-
telligent targeting system allowing the rover to select 
its own targets for the ChemCam instrument at times 
during the mission when Earth cannot readily be in the 
loop – such as immediately after a drive.  It is used in 
two ways – by detecting and selecting targets in 
NavCam stereo images, then measuring them with 
ChemCam, or by detecting features in ChemCam’s 
own Remote Micro-Imager context camera, and recen-
tering on them as a form of pointing refinement to ac-
count for pointing error and uncertainty. In this ab-
stract, we focus on the use of the autonomous post-
drive target selection with NavCam source images. 

Use since May 2016: The rollout of AEGIS to the 
science team consisted of an initial set of reusable ac-
tivities intended to be run post-drive, with AEGIS’ 
computer vision and target ranking parameters tuned to 
find patches of bedrock.  After several weeks of expe-
rience, this ‘scene profile’ was further adjusted to 
adapt to the materials present at that point in the rov-
er’s traverse, improving the already high rate of find-
ing and measuring bedrock targets. We refer to these 
as ‘version 1 and 2’ of the initial scene profile. 

 The AEGIS software has run on NavCam images 
36 times from May through December 2016 using ver-
sions 1 & 2 of the initial scene profile, selecting 40 
rock targets (some runs are configured to select two 
rock targets, when time and resources allow). The first 
10 runs, using version 1, returned outcrop targets in 
four cases; two more targets were loose float rocks, 
with the remaining four being clusters of small rock 
pieces or patches of soil. With adjustment of the target 
parameters to version 2, the performance in selecting 
outcrop significantly increased.  From sol 1400 to 
1526, 26 runs returned 28 outcrop targets, and two 
float rocks which were representative of nearby bed-
rock.  This increase from 40% to 93% in the rate of 
outcrop reflects the adaptability of the system, and the 

ability of the operations team to adjust parameters and 
adapt to changing terrain.   

AEGIS has increased the pace of ChemCam activi-
ty – there has been a 10% increase in the number of 
ChemCam science sequences executed on-board per 
time, and a corresponding increase in the rate of LIBS 
shots, since the system went into use (Fig.1). Further 
use of AEGIS along with continued target selection 
optimization will only further enhance the return of 
science. 

Operational value: The MSL Science Operations 
Team uses AEGIS at their discretion as one of their 
tools to explore the rover’s field site.  In practice, 
AEGIS is now used in the post-drive mode after most 
drives, as it has proven useful in rapidly gathering geo-
chemical measurements and making use of otherwise 
idle time between the end of the drive and the next 
planning cycle. 

In some circumstances, the science team receives 
targeting images after AEGIS has run, but before they 
know which target(s) it has selected.  These events 
have shown that in a number of cases, the version 2 
scene profile has chosen rock targets which were 
among the same ones that were independently ranked 
highly by the science team for study.  In many others, 
the AEGIS target is sufficiently representative of one 
lithology or area near the rover that further measure-
ments could be focused elsewhere. These cases save 
time, power, and other resources, allowing them to be 
spent on observations of other materials and increasing 
the diversity of measurements at a given location. 

In particular, the AEGIS system has proven useful 
to the goal of measuring variations in the bedrock 
along the rover’s traverse. While each sol’s pre-drive 
science activity time (during which ground-targeted 
measurements of specific rocks are possible) is limited, 

Figure 1: Increase in ChemCam observation rate with AEGIS.  
Version 2 of the initial scene profile was first used on sol 1400. 
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AEGIS allows the bedrock survey to be carried out 
during the post-drive period.  This frees the long-term 
survey measurements from competing with daily tar-
gets of interest for scarce time, and may remove bias in 
human selection of targets. 

Comparison to ChemCam blind targeting: The 
ChemCam team has previously employed a technique 
of blind targeting [4], where the instrument was point-
ed at pre-selected angles with respect to the rover, 
without knowing what it would find at that position 
post-drive.  This technique proved useful in creating an 
unbiased survey of materials, but in doing so most of-
ten hit soil or small pebbles.  As compared to blind 
targeting, AEGIS’ intelligent targeting system allows a 
systematic reliability in hitting the preselected target 
type (currently bedrock and rock targets).  It is also 
worth noting that the ChemCam raster shape is differ-
ent for the two approaches, with AEGIS so far using a 
small 3x3 grid of LIBS shots with 1 mrad spacing, 
compared to a 5-, 10-, or 20-shot linear blind raster 
with 2 mrad spacing. 

Fig.2 shows a comparison of the two techniques.  
The figure on the left shows the actual results of all 
AEGIS runs since the system was released for science 
team use.  The figure on the right shows the results of 
NavCam image analysis on the ground, determining 
which points on the surface would have been measured 
by a typical blind-targeted 10x1 ChemCam raster with 
standard pointing.  The figure clearly illustrates how 
blind targeting sampled the surrounding diversity of 

materials, but with only a few points per target type, 
while with AEGIS almost all the points are located on 
outcrops as requested, demonstrating the utility of 
computer vision for intelligent targeting of ChemCam  
and similar instruments.  Fig.3 shows the improved 
performance of the refined version 2 scene profile, 
again compared to computed blind target results for the 
same rover locations. 

One other notable advantage is that AEGIS com-
putes stereo range for the observation, giving better 
focus that the blind mode, which relies on geometric 
assumptions.  

Additional discoveries: In addition to its contribu-
tion to the background bedrock survey, AEGIS-
selected observations have in several cases resulted in 
discoveries that prompted further analysis by the mis-
sion. These included notably high MgO (sol l383a), 
high FeO (20.9 wt%, sol 1406a), unusually-elevated 
trace elements Ba, Sr, Li (sol 1487a), and Ca-sulphate 
veins (sol 1472).  In each case, the mission was 
prompted to spend time and resources on further fol-
low-up science of these serendipitous, autonomously-
detected, discoveries.  
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Figure 2: AEGIS performance vs blind targeting for the full period since rollout 

Figure 3: AEGIS performance vs blind targeting since the scene profile adjustment to version 2 
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