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Introduction: Throughout the 21 Century, the
amount of data returned by NASA spacecraft has in-
creased to the point that it exceeds the capacity of mis-
sion team members to analyze it. During this same time
period, computing power and internet access within the
U.S. and across the world have increased to the point
that expensive facilities are no longer required to ana-
lyze even large amounts of data. This opens the possi-
bility of planetary spacecraft data analysis to workers
who are not on and do not have collaborations with
spacecraft teams, and/or who work at institutions that
lack large research budgets.

Due to Spirit’s and especially Opportunity’s longev-
ity, the two-rover, originally 90-sol (martian day) Mars
Exploration Rover (MER) mission acquired a total of 20
years of daily data from multiple instruments at two ex-
tended sites on the martian surface, resulting in too
much data to be analyzed by MER Team members
alone. These data can, and should, be analyzed by sci-
entists who were not on the MER Team, but only if these
researchers can find data of scientific interest to them
and learn the caveats, context, and appropriate analysis
methods for the data and data products. The goal of the
MER Portal to Observations, Resources, and Tools to
Advance Legacy Science (MER PORTAL) is to enable
everyone to find and use MER data.

Addressing community needs: In 2020 we con-
ducted a survey of the community [1] to gauge the in-
terest in a user-friendly, science-focused search inter-
face to MER data. Our participant recruitment plan in-
cluded a poster [2] at the 51 Lunar and Planetary Sci-
ence Conference (LPSC2020) which presented prelimi-
nary results and invited additional participants. Despite
the lack of in-person recruiting in March 2020, a suffi-
cient number of participants completed the survey to as-
sess community needs. Results indicated that a wide
range of workers would like to use MER data, but are
currently unable to do so (see Figure 1).

We are designing the MER PORTAL to rectify this
disparity. The PORTAL will address issues raised by
the Planetary Data Ecosystem Independent Review
Board (PDE IRB) [3] by providing:

* A portal to data, documents, software tools, and
supporting information, in a format suitable for the
broadest range of users looking for planetary data, that
will assist in the retrieval of NASA science data

» Metadata describing data quality, enabling users to
assess suitability for their applications

* Focused educational and documentation materials
that meet the highest-priority needs identified in our as-
sessment of the community
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Figure 1. Results from our survey of the Mars community [1]
indicate a broad interest in MER data and the need for tools
and user guides to facilitate data analysis.

Current status: We were awarded a PDART21
grant to begin development of the MER PORTAL. By
the end of this award, our prototype website (see Figure
2) will include:

User Guides. We are creating user guides to enable
the non-MER Mars community to work with MER im-
age and spectroscopic data. These include both data
analysis manuals and overviews of the MER vehicle and
instrument hardware. The former are based on inter-
views with the ~30 members of our project team who
worked on the MER mission and will share the MER
team’s institutionalized data context and analysis
knowledge with the planetary community. We are cur-
rently producing Data Analysis User Guides to the Pan-
oramic Camera (Pancam), Microscopic Imager (MI),
Miniature Thermal Emission Spectrometer (Mini-TES),
Alpha Particle X-ray Spectrometer (APXS), and Mdss-
bauer Spectrometer (MB) instruments that are aimed at
experienced researchers who are new to MER data anal-
ysis. We plan to eventually extend our User Guides to
include versions that are appropriate for different audi-
ences such as college classes, undergraduate research-
ers, K-12 teachers, and the interested public.

MER Image Interpretation Guidebook. We are pro-
ducing a manual that will introduce novice MER
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researchers, students, and the general public to Gusev
(Spirif) and Meridiani (Opportunity) field geology. This
handbook is designed to teach undergraduates with lim-
ited geologic knowledge to identify geologic, atmos-
pheric, and rover-related objects and phenomena in
MER images.

Lesson plans. We are developing a set of undergrad-
uate classroom-ready in-class activities that make use of
our MER Image Interpretation Guidebook. Co-I Jayne
Aubele is collaborating with faculty at the Southwestern
Indian Polytechnic Institute (SIPI), with whom she has
longstanding relationships, to develop and pilot the les-
son plans.

Links to useful online tools and websites. We are
compiling a list of online tools and websites, recom-
mended by members of the MER Team, that are rele-
vant to MER data analysis and the MER mission. We
will include research tools such as the MER Analyst's
Notebook, websites highlighting MER data such as the
Pancam Instrument Website, and historically relevant
websites such as blogs written by MER Team members.
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Figure 2. Mock-up of the MER PORTAL homepage

In addition to the above products which we will pro-
duce with our current award, we are conducting the ini-
tial phases of development for our comprehensive MER
data science-based search tool, through the System Re-
quirements Review (SRR) milestone, to establish that
all requirements are defined, testable, and consistent.
This complex search tool will couple an intuitive and
accessible user interface with databases containing
metadata correlating data acquired on individual targets
by different instruments; the Mars Target Encyclopedia
[4, 5] and other databases contributed by members of
our team; and a catalog of the geologic, atmospheric,
and hardware features apparent in MER images. Mem-
bers of our team have previously collaborated to catalog

features in Pancam image data using an automated ma-
chine learning (ML) classifier [6, 7]; current results can
be explored at the PDS Image Atlas and Zenodo.

Equity, Diversity, Inclusion, and Accessibility:
By creating and providing resources for MER data dis-
covery and analysis, we open Mars to most of this
world, providing a pathway to broaden participation in
the planetary sciences. The MER PORTAL project pri-
oritizes accessibility, and we are designing our website
and content to be accessible to people with a wide range
of abilities and disabilities. Our Accessibility Consult-
ant, a geoscientist who identifies as a person with disa-
bilities, is a paid member of the MER PORTAL team
and has been involved in the project from the start. He
will ensure that accessibility features conforming to the
Web Content Accessibility Guidelines (WCAG) [8], in-
cluding alt-text for images, keyboard navigation, and
compatibility with screen readers, are built into the
MER PORTAL.

We hope to release our preliminary website in both
English and Spanish in 2025.

Future Work: While our current endeavor is fo-
cused on the MER mission, we hope PORTALS will be-
come a standard component of the Planetary Data Eco-
system for planetary spacecraft missions. We will open
source our website and database backend and hope to
enable other missions to develop their own PORTALS.

We invite members of the MER team who are not
currently on the MER PORTAL team to join us. We in-
vite self-identified members of the Mars community —
experienced Mars researchers; Earth geologists who (or
whose students) have an interest in Mars; faculty at pri-
marily undergraduate institutions (PUIs), Historically
Black Colleges and Universities (HBCUs), Tribal Col-
leges and Universities (TCUs), and community col-
leges; schoolteachers; and Mars or MER enthusiasts —
to beta-test our products and give us feedback. We in-
vite members of other spacecraft teams to consider how
a PORTAL would benefit their mission.
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