
Marcus Holden
Jacobs, Jacobs Space Exploration Group
NASA Meteoroid Environment Office

Meteor Workshop August 26-30, 2024

MEM in the Cloud Overview



Overview
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§ Attributes of the Meteor Engineering Model (MEM)
− Spacecraft and the meteoroid environment
− Technical limitations of MEM

§ MEM in the Cloud
− User interface 
− Output files

§ Summary
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MEM Characterizes Meteoroid Environment
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§ The meteoroid environment can damage 
both spacecraft and astronauts.

MEM in the Cloud Overview: Meteor Workshop August 26-30, 2024

meteoroid impact crater image provided by the NASA/JSC Hypervelocity Impact Technology (HVIT) Team

table by Althea Moorhead from NASA Meteoroid Environment Office (MEO)
grade stainless loose ball bearings by Oleksandr Panasovskyi from the Noun Project
strike by Randomhero from the Noun Project
watermelon by Blaise Sewell from the Noun Project
wrecking ball crane by Gan Khoon Lay from the Noun Project



Meteoroid Engineering Model

5

§ MEM is a physics-based model. 
§ Only sporadic meteors are included in the model.
§ To calculate the possible damage from this environment, engineers require “rate of 

impacts…speeds, densities, and direction of motion of meteoroids” (Moorhead, 
2019).
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Trajectory and MEM output Plots for Aqua, a NASA research satellite
Charts by Althea Moorhead from NASA MEO

https://fireballs.ndc.nasa.gov/mem/library/aqua.html

https://fireballs.ndc.nasa.gov/mem/library/aqua.html


Meteoroid Orbits
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§ MEM’s meteoroid orbits are derived from 
comets.

§ Jones (2004) found a relation between comet 
orbits and meteoroid populations:
− Helion/anti-helion meteoroids originate from 

short-period comets.
− Apex meteoroids originate from long-period 

comets. 
− Toroidal meteoroids originates from Halley-

type comets.
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Image by Althea Moorhead from NASA MEO



Directional Distribution of Meteors
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§ The meteoroid environment is not 
isotropic.

§ Three meteor orbit populations divided 
into six concentrations are shown in the 
directional map. 

Plot by Althea Moorhead from NASA MEO



Speed Distribution of Meteors
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§ Meteor directionality and speed are not 
independent.

§ Each of the three orbit populations have 
different average speeds with apex 
meteors possessing greater speeds.

Plot by Althea Moorhead from NASA MEO



Spacecraft Motion and Gravitational Protection 
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§ MEM incorporates the spacecraft’s relative 
motion.

§ MEM also includes gravitational shielding and 
focusing.
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Images by Althea Moorhead from NASA MEO



Location and Mass Limits
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§ MEM is currently limited to the inner solar 
system:
− 0.2 – 2.0 AU
− 5º of the ecliptic

§ MEM is limited to meteoroids with a mass 
of 10-6 – 101g.
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Plots by Althea Moorhead from NASA MEO

distance (AU)



System Requirements of MEM
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§ While no formal system minimum requirements have been determined, MEM is 
known to work on:
−Windows 7/10. 
−MacOS versions Catalina through Sonoma.

§ Linux distributions are currently unavailable.
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Technical Limitations of MEM

12

§ How the user interacts with MEM is not necessarily the same across operating 
systems:
−Windows OS provides greater flexibility in that the end user can run via a graphical user 

interface (GUI) or command line (CL).
−MacOS only run via command line.

§ Additionally, the efficiency of the program can vary based on the hardware. Newer 
versions of MEM include parallel processing to improve the rate of computation.
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Attributes of
MEM in the Cloud



Login required
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§ MEM in the Cloud requires a NASA 
Guest log in.

https://mem.mmod.appdat.jsc.nasa.gov/

https://mem.mmod.appdat.jsc.nasa.gov/


Help Section – Overview
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Help Section – User Guide
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§ The Meteoroid Environment Office 
(MEO) has converted a user guide to 
HTML from NASA/TM—2020–220555 
for MEM which goes into detail how to 
use MEM and, in turn, MEM in the 
Cloud.

https://fireballs.ndc.nasa.gov/mem/guide/

https://fireballs.ndc.nasa.gov/mem/guide/


§ The MEO provides several 
example trajectories and 
MEM configuration 
options

Help Section – Example Runs
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https://fireballs.ndc.nasa.gov/mem/library/

https://fireballs.ndc.nasa.gov/mem/library/


Input Option Section
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Input Option Section
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§ Upload trajectory – Select the 
trajectory file.

§ Input origin – Center of the input 
trajectory.  Valid selections are Earth, 
Sun, Moon, Mercury, Venus, or Mars.

§ Input axes – The axis alignment 
associated with the input trajectory. 
Valid options are equatorial (Earth) and 
ecliptic.



Run Options Section
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Run Options Section
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§ MEM gives the option to use:
− all state vectors in the trajectory file.
− the first n vectors of the trajectory file.
− random selection of n vectors of the 

trajectory file.

§ The vector count refers to the number 
of state vectors used if not using the 
entire set.

§ Limiting mass – Larger meteoroids will 
produce a smaller flux.

§ High-fidelity mode – Produces files 
corresponding to each state vector.



Output Options Section
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Output Options Section
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§ MEM gives the option to choose a 
different origin and axes than the input.

§ MEM also allows the user to choose the 
angular and velocity resolutions of the 
output files.

§ Intermediate files will produce flux files 
for each state vector.

§ Igloo flux files provide alternative 
descriptions of the environment in 
quasi-equal area angular bins.

§ Standard deviation files for the flux can 
be produced.



Submitted Runs Section
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§ Trajectory – The name of the trajectory 
file.

§ Status – The status of the run: 
− Queued
− Running
− Failed
− Complete
− Deleted

§ Progress – Progress bar marking 
approximately how long until the run is 
complete.



Submitted Runs Section

25 MEM in the Cloud Overview: Meteor Workshop August 26-30, 2024

§ Time left for the run to complete.
§ Action buttons at various stages 

include:
− Abort, which cancels the run.
− Details, which displays the log.
− Download, which downloads the zip files.
− Delete, which deletes the run from the 

database.



The Lifecycle of A Successful Run
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Creation Execution Processing Complete

Download

Delete



The Possible Lifecycle of A Run
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Failed

Creation Execution Processing Complete

Stalled

Abort

Delete

Download

Delete



Failed Executions
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§ Users can see the details of any failed 
run.

§ This report includes:
−MEM version
− Start time and date
− Error description
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Storage
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§ It was discovered that past runs were sometimes lost once the user left the 
interface. There was no guarantee that the same instance would be accessed if the 
user returned. 

§ The solution was to use Google Cloud Storage (GCS) as it:
−maintains a cloud backup.
− automatically restores runs found in the GCS if it is not found in the instance.
− limits access to the user’s past runs.
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Output Files - Overview
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§ Once a run is complete, the 
user can download a zip file 
containing all the output 
files.

§ The name of this file is a 
unique hash number 
containing the trajectory and 
run options.



Output Files – Trajectory file
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§ The <trajectory>.txt file is a 
copy of the original input 
trajectory file.



Output Files – Log and Progress Files

32 MEM in the Cloud Overview: Meteor Workshop August 26-30, 2024

§ The log.txt file provides 
information regarding the 
run, including the version of 
MEM used, the time the 
program began running, and 
whether the program ran 
successfully.

§ The progress file shows the 
percentage that MEM was 
able to run and the run time, 
if applicable.



Output Files – Options File

33 MEM in the Cloud Overview: Meteor Workshop August 26-30, 2024

§ The options.txt file contains 
the MEM run options used. 

§ A header gives a description 
of each line below the divide. 



Output Files – Info File
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§ The info.txt file contains an 
overview of the MEM options 
used with a description of the 
output files requested.



Output Files – LoDensity/HiDensity Files
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§ MEM segregates meteoroids into 
either a low-density or high-density 
population.

§ The loDensity.txt and hiDensity.txt 
files provide the density distribution 
of the respective meteoroid 
population.



Output Density Files – cube_*.txt
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§ Every MEM run will 
include a cube_avg.txt 
which contains 
meteoroid fluxes and 
velocities relative to a 
series of flat surfaces 
with different 
orientations.

§ Additional intermediate 
cube files are named 
cube_n.txt, where n is 
the state vector number 
in the trajectory file. 
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Output Density Files – flux_*.txt
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§ Every MEM run will include a 
flux_avg.txt which contains the flux 
within an azimuth, elevation and 
velocity grid, averaged over the 
trajectory. 

§ Additional intermediate flux files are 
named flux_n.txt, where n is the state 
vector number in the trajectory file. 
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Output Density Files – igloo_*.txt
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§ A MEM run requesting the igloo 
files described earlier will also 
include a igloo_avg.txt which is 
averaged over the trajectory. 

§ Additional intermediate igloo 
files are named igloo_n.txt, where 
n is the state vector number in 
the trajectory file. 
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Summary
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§ MEM is a physics based sporadic model used in spacecraft risk assessments to 
estimate the meteoroid environment.

§  MEM in the Cloud expands the versatility of the stand-alone MEM program.
§ Both MEM and MEM in the Cloud will continue to improve and develop to provide a 

reliable simulation of the meteoroid environment.
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