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Flight Readiness of Mochii ISS-NL Portable
Spectroscopic Electron Microscope

Mochii will enable novel research on board ISS, including EM visualization of samples prepared in microgravity, characterization of
new and existing materials, and in the longer term tissue and cell architecture.

Mochi will enable mission-critical engineering on board ISS, such as characterizing debris in life support and mechanical
systems to reduce crew and vehicle risk.

Applications

Electron microscopy(EM)and energy-dispersive spectroscopy
(EDS)are powerful tools for research and engineering. EM offers
strong optical scattering, high native resolution, large depth of
focus, and multiple available signals including X-rays for chemical

ID.

Mochii will serve as a development platform for future missions, including deep space manned and robotic exploration by enabling
actionable analysis when sample return to Earth-based labs is not possible.

NASA routinely uses ground-based EMSs to:

. Understand the origin and evolution of the solar system,
especially rocky bodies

« Visualize architecture of tissues and cells

- Characterize particulate debris in air/water, observe
catalyst pore sizes, study fibers, and characterize
micro-textures

- Guide critical adaptive mission planning via forensic
imaging and microanalysis for life support and
mechanical systems
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Coauthors are working together in partnership withthe ISS
program and CASIS to bring this powerful capability to ISSas a
National Laboratory facility. EM analysis will be available to
terrestrial users after its initial demonstration mission. This
facility supports in-situ engineering analysis and microgravity
science benefiting humankind.
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NASA's Extreme Environment Mission Operations (NEEMO) crew member J. Watkins.
Some sediment is

Mochii is Class 1-E modified commercial
off-the-shelf (COTS)hardware.

: : J IS a unique analog test program for space mission carbonate structure from | :
Out of the lab and into the field: | . | nission onatestructure from (N |
To reach technology readiness level (TRL )9 operations and equipment testing. It provides a rigorous while othors are cilionte. B EEanssnandl

based(not shown). (analyze |stop ) restart

flight-like mission environment 63 ft. underwater at the
Aquarius Reef Base (ARB)in the Florida Keys.

and achieve flight readiness, Mochii
underwent rigorous testing to satisfy ~150 ISS
engineering integration, crew/vehicle safety

EMis traditionally a high-end large facility lab tool:
- Complex to operate and maintain, needs vacuum and

- stabltle environment. ; g e verr_iftioation requirements, and science Mochii participated in the 23rd NEEMO in June 11-21, 2019,
. ral? g Ol?g qLcjietLrjweS’ atn ?fg \?vt?i%hyman anal sés[():an vertieations. completing successful mission science in the 2.6 atm
O FesUiL y y = hyperbaric setting, vetting ISS prototype proceduresand | PG -~ S
- lctj)e exe(iuted. ' LT %1 Vehicle integration and safety; practicing engineering support to be provided to NASA and
s Sfm?. els rr?us. e;sen ach lo Chanyfes O\F/)ertime - the public as an ISSNL facility. We remotely controlled e e -
e dE/m 'g . emlpator m.(é)rp 2100 J _o) -Command & Data Handling / IT security wireless Mochii and supported the crew from mission i owwe) [ e .4 mag
S A NageiN ar=is = -Ellghtwbert control center on shore, and potential ISS-NL customers
L M fiald ol ¢ . < :EIC‘)’IVI\;(IEErI‘gIga 'y were able to operate Mochii from across the continent
HoaniiFisIewerlo SIS Tielc por Lot g 2 _Radiationsafety while in-mission, similar to planned utilization on ISS.
platform bringing EM out of the lab. o T
N - Thermal
. v Crew members Drs. Ari, Pomponi, Watkins, and Cmdr.
Mochiiis tiny and versatile and suitable for space use: @) . e e Cristoforetti each conducted in-situ analyses on samples &
- Ultra-portable: 260 mm tall, <12 kg, <80 W D% Science verifications: acquired from the marine environment on-board and ru_u
. Low accelerating potential (10 kV) provides capable . : during EVA, using model crew procedures under test for =
, : -Imaging resolution . : =
Imaging | . - Spectrometer resolution and sensitivity useonss. Theseanalyses - of cnidaria skeleton, brine %? |
- Wireless tablet interface: multi-user collaboration - Semi-quantitative spectroscopy calibration shrimp eggs, sediment, and marine sponge as well as '-
. Chemical ID via energy-dispersive X-ray spectroscopy -Magnetic field susceptibility pre-prepared samples - additionally model activities at the
(EDS)enabled in Mochii‘S model forefront of exploration on other worlds, for example for
- Easy sample preparation using integrated metal coater Procedures verifications: future crewed missions to the Moon and Mars.

- Low initial procurement, operating, and maintenance costs

- Procedures testing(analog mission) The Mochii team was fortunate to achieve all target

e : - On-board training (pre-mission) Top: Aquarius Reef Base, Islamorada Fl. mission objectives, ranging from end-to-end crew
Mochifs unique balance of features enables it to perform analyses -Procedures secu?iti)/ Middle: NEEMO XXIll crew (clockwise from operations testing for ISS (including experience handling
i 1 i —left): S. i S.Chri i C.Ari i Spectroscopy of brine shrimp (Artemia Salina) eqq surfaces durin
inextreme f'el(,j enV|an|mentS,hsuch as outdoorls undg,rnbf;;er;yost t[;?apgfsf;)n? jov?aﬁﬁ?n'f Christaloretil, &. A remote telemetry outages and planned lossof-signal), to NEE ho I><><||| rpiszgg]%n. a) Ouatdrlan bSackstcat]ger elg():tgogn image str)wo(\jving
wer, on moving venicies such as ocean vessels, and | 1 o (g : : morphology of ~ um particles. Spectra from b)organic egg body, C
oie . J _ Bottom: NEEMO XXl Mission Control Center Cr_eW dr'Ven in-situ exploration of the environment at the st%ny |ngc)1u8|on adherepd to surfacg, d)brine depos@s on eggggsurfgce.

Mochii, the first instrument of its kind in this frontie,r has
completed preparations for manned space flight and has
completed transit to the ISS. We are looking forward now to initial l aunch to ISS
demonstration.

The Mochii payload was handed over to the ISS payload processing
center in Houston TX Dec 17, 2020 for launch processing. Originally
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[6] This work was supported by Voxa, NASA, and Jacobs. connecting to ISS through JSL uplink routed through Voxa servers.



