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Introduction:  The External Long-duration 

Materials and Instrument Research Observatory 

(ELMIRO) is a commercial facility that will allow for 

continuous and repeatable external testing on the Deep 

Space Gateway of materials, electronics and 

instruments for future deep space spacecraft.   The 

ELMIRO Facility will be designed and built by Alpha 

Space Test and Research Alliance, LLC (Alpha Space), 

to enable scientific testing of new or existing materials 

in the cislunar environment for periods in excess of 1 

year on orbit.  This is a follow-on testbed to the 

Materials ISS Experiment (MISSE) being flown on the 

ISS in LEO. 

The original testing of materials in the LEO 

environment consisted of the Long Duration Exposure 

Facility (LDEF), which required two dedicated Space 

Shuttle missions for deployment and retrieval.   Cost 

for the LDEF program was in excess of $1.0 Billion, 

including deployment and retrieval flights.   The 

MISSE testing systems were developed as part of a 

Risk Mitigation Experiment on the Russian Space 

Station Mir as the Mir Environmental Effects Payload 

(MEEP).   The MISSE program initially developed by 

the NASA Langley Research Center, was integrated to 

the ISS by the USAF Space Test Program as part of the 

Space Experiment Review Board Process within the 

Department of Defense (DoD).    

Since then there have been eight MISSE Missions 

flown with over 4,000 experiments. Alpha Space 

signed a cooperative agreement with NASA in 2014 to 

manage the next generation facility - the MISSE Flight 

Facility (MISSE-FF) on the ISS.  Building off 

accomplishments and heritage of the previous MISSE 

flights and the MISSE-FF the ELMIRO would be a 

natural extension of the MISSE-FF program offering 

materials testing in cislunar to increase TRL levels for 

spacecraft components in the deep space environment.  

Both facilities will benefit NASA and the Aerospace 

community by pre-screening components at LEO on 

MISSE-FF, then testing at cislunar for final TRL 

determination on ELMIRO.  

The Alpha Space philosophical approach to the 

flight of experiments on the ELMIRO is simple.   

Alpha Space is the hardware development and 

integration knowledgeable entity required to enable a 

scientist to do research.   The scientist is the 

knowledgeable person on the research that needs to be 

conducted.   With Alpha Space performing the 

Integration, Safety and Flight activities, the scientist 

only needs to focus on the research, thus producing a 

much better experiment. 

The ELMIRO:  Alpha Space has developed the 

MISSE-FF to assist an experiment developer who does 

not fully understand the methods, engineering, 

requirements, or environments of space flight vehicles 

to be able to fly their experiments in space.  Without a 

complete understanding of the flight vehicles, safety 

process and testing requirements, a scientist will end up 

devoting most their time to hardware development and 

not be able to devote any time to experiment 

development.   Furthering the MISSE-FF concept to 

extend to the cislunar environment, Alpha space will 

develop the external interface hardware (based on the 

current MISSE-FF design) for flight on the Deep Space 

Gateway.   Up-grading the MISSE-FF design to the 

ELMIRO is the most cost-effective method for 

implementing external testing on the Deep Space 

Gateway because the majority of the Non-Recurring 

Engineering has already been developed.    

The ELMIRO will consist of four major 

components.  The four components are the Power & 

Data Box, the Switch Box, the Material Sample 

Carriers and the facility structure.   The Alpha Space 

MISSE program developed the four components to 

allow for external testing on the ISS.   The system 

architecture allows for replacement of the components 

for up-grades or hardware failure.    

The Power & Data Box controls the Material 

Sample Carrier locations so that external testing can be 

completed in a safe manner.  Furthermore, the data 

transmission and commanding between the Material 

Sample Carrier and the Gateway will be controlled by 

the Power & Data Box. It also prevents the waste of 

power by disabling the converters that do not have 

Materials Sample Carriers installed. 

The Switch Box allows for proper control of all the 

switches in the Power & Data Box as well as the 

Experiment power switches in the Material Sample 

Carriers.  The Switch Box provides total control of the 

ELMIRO on the Gateway, preventing wasted power 

and data bandwidth.   It also provides automated 

control of the entire system. 

The Material Sample Carriers provide the interface 

between the Gateway and the experiments.   The 

Material Sample Carrier can provide for passive 

experiments and active experiments.  This allows for a 

common interface platform to the Gateway to lessen 

the cost of sample integration. 
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The Facility Structure will be tailored to the launch 

vehicle or the Gateway itself.   The structure will 

consist of all interconnect cabling and mechanical 

interfaces to the Gateway for robotic installation and 

removal of the boxes. 

Flying the ELMIRO program on the DSG can be 

supported in two possible scenarios,  1) Mount the 

ELMIRO to an ESPA type adapter ring and place 

between DSG Modules.  2) Mount individual sample 

carriers outside of the habitat accessible by robotic 

arm.  This approach would require minor modifications 

to data/power systems.  

ELMIRO Required Resources:  The ELMIRO 

will require the following resources from the Gateway: 

MASS – Launch Mass of the Power & Data Box 

will be less than 40 pounds.   Launch Mass of the 

Switch Box will be less than 40 pounds.   Launch Mass 

of the Materials Sample Carriers will be less than 45 

pounds each.    (If the Gateway is launch mass limited, 

the Material Sample Carriers can be flown on the next 

servicing mission, reducing the mass requirement.)  

The interface hardware to the launch vehicle should be 

less than 300 pounds delta to the spacecraft.   

POWER – ELMIRO power can be controlled by 

experiment activation and de-activation for the 

duration of the testing time on the Gateway.   The 

minimum power required for basic operations is less 

than 150 Watts, with the maximum power draw of 650 

Watts.   The ELMIRO experiment configuration will 

determine the power requirements, with operations of 

the experiments being controlled by the Switch Box to 

prevent exceeding the power allowed for the current 

mission. 

COST – Development cost of the ELMIRO will be 

in the realm of $6 Million, with $1 Million going 

toward the hardware upgrades from the MISSE-FF 

design, $3 Million going to hardware purchases to 

implement the design changes, and the final $2 Million 

going to software and data interface parameters for 

communication between the ELMIRO and the 

Gateway.  $6M does not include costs for the ESPA 

Ring or vehicle integration as this is assumed to be 

GFE. 

VOLUME – Internal volume will be limited to the 

volume required to launch and return the Material 

Sample Carriers to/from the Gateway.   This will be 

equivalent of 8 components measuring 10 x 14 x 20 

inches (less than an ISS Single Cargo Transfer Bag).   

External Volume will be approximately 20 cubic feet 

(that can be broken down into ten separate 2 cubic feet 

volumes). 

AMMOUNT OF CREW INTERACTION – 

Transfer of the MISSE Hardware is currently 

completely robotic.   If the Gateway and/or servicing 

vehicle has a robotic capability, then the crew 

interaction would be required for transfer through an 

airlock if one is available.   If not, then the transfer 

would be totally external and would require no crew 

time. 

DESIRED DEEP SPACE GATEWAY ORBIT – 

Any orbit outside the LEO orbit will work for the 

science performed on the ELMIRO.   The requirement 

for deep space testing is outside the Van Allen 

Radiation Belts, so any orbit between cislunar or GEO. 

OTHER RESOURCES NEEDS – The ELMIRO, 

being external, will only require a penetration through 

the bulkhead for power and data, or inclusion of pins in 

an existing penetration.   
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