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Abstract:
The ultimate astronomical observatory would be a formation flying interferometer in space,
immune to atmospheric turbulence and absorption, free from atmospheric and telescope thermal emission, and reconfigurable to adjust baselines according to the required angular resolution.
Imagine the near/mid-infrared sensitivity of the JWST and the far-IR sensitivity of Herschel but
with ALMA-level angular resolution, or imagine having the precision control to null host star light
across 250m baselines and to detect molecules from the atmospheres of nearby exo-Earths. With
no practical engineering limit to the formation’s size or number of telescopes in the array, formation flying interferometry will revolutionize astronomy and this White Paper makes the case that it
is now time to accelerate investments in this technological area. Here we provide a brief overview
of the required technologies needed to allow light to be collected and interfered using separate
spacecrafts. We emphasize the emerging role of inexpensive smallSat1 projects and the excitement
for the LISA Gravitational Wave Interferometer to push development of the required engineering
building-blocks. We urge the Astro2020 Decadal Survey Committee to highlight the need for
a small-scale formation flying space interferometer project to demonstrate end-to-end competency with a timeline for first stellar fringes by the end of the decade.
Caveats: The landscape of formation flying
space missions is rapidly developing. In addition, some important relevant past missions are
not well known and often were only sparsely
described with few published results. The authors regret the inevitable incompleteness in
trying to summarize an emerging field – please
contact monnier@umich.edu with corrections
and additions.
Key Science Goals and Objectives:
Long-baseline interferometry in the infrared and visible from the ground is now routine, obtaining images of stars and their environments with milli-arcsecond angular resolution, for instance rapidly-rotating stars (Monnier et al., 2007), magnetically-active stars
(Roettenbacher et al., 2016), stars zipping
around our galaxy’s supermassive black hole
(Gravity Collaboration et al., 2018a), galactic
Novae exploding in realtime (Schaefer et al.,
2014), a quasar’s broad-line region (Gravity
Collaboration et al., 2018b), and even exoplanet spectra directly (Gravity Collaboration
et al., 2019). See Figure 1 for a gallery of recent interferometric imagery.
1

Here, smallSats are satellites with mass <180kg,
including nanosats, cubesats, microsats, minisats, etc.

Figure 1: Ground-based infrared interferometry has
come a long way in the past 20 years. Here we see some
recent imaging results from Roettenbacher et al. (2016),
Schaefer et al. (2014), and Gravity Collaboration et al.
(2018a), spanning stellar imaging, novae explosions, and
stellar orbits around Sgr A* that probe General Relativity. Note that the top two image boxes are only 3 milliarcseconds across while the stellar orbit shown has errors
<100 micro-arcseconds.
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Despite these remarkable achievements, the
sensitivity of this technique2 is harshly limited by
atmospheric turbulence – which restricts coherent
integration times to << 1 second – and by the
high price of large aperture telescopes – generally
limiting most visible/IR interferometer facilities to
< 1.5m telescopes presently. For example, the
CHARA interferometer has a limiting magnitude
K∼8 with 1.0m telescopes in the near-IR while the
VLTI can reach K∼10 with the 8m UT telescopes3 .
ALMA has shown us the power of combining the
high angular resolution imaging of interferometry
with a revolutionary boost in sensitivity. Groundbased facilities have matured to the point that planning can begin for the next generation of capabiliFigure 2: Space interferometry represents the ultities.
mate astronomical observatory, capable of combining
Figure 2 shows a simple reminder of why the the power of sensitivity, stability and high angular resallure of space interferometry is so great. The ad- olution. Some of our most exciting astronomical goals
vantages of space over ground are fully realized: require all three, namely mid-infrared exoplanet charSensitivity, Stability, and High angular resolution. acterization using nulling or high-resolution image of
high-redshift galaxies.
The gains will be particularly dramatic in the midand far-infrared where existing techniques have left a huge gap in angular resolution and sensitivity.
Planet-forming disks, for example, show a high level of complexity that we hope to understand
with high resolution imaging across
the IR. Figure 3 shows examples
from a suite of simulations run as
part of the Planet Formation Imager project studies (Monnier et al.,
2018). We anticipate that highredshift galaxies will also show a
high level of structural complexity
and a formation flying space interferometer would be a very powerful
follow-up to expected exciting results from JWST.
Imaging complex sources such
Figure 3: Multi-wavelength, milli-arcsecond resolution imaging will
be needed to untangle the complex physical processes at play during as galaxies and protoplanetary disks
planet formation, as this suite of simulations shows. Even more imag- will require at least a dozen (or
ing complexity will likely be seen for extragalactic sources.
2
We are specifically considering “direct detection” interferometry where photons have to be directly interfered
using coherent beam transport using mirrors or single-mode fibers. Radio and mm-wave interferometry can use heterodyne detection and is far less limited by the atmosphere.
3
VLTI/GRAVITY can observe K∼17 mag objects, such as flares around Sgr A*, as long as there is a bright phase
reference source within a few arcseconds of the fainter target.
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more) telescopes in the interferometric array to synthesize complete (u,v)-coverage – recall that
ALMA routinely uses ∼50 antennas to create the breathtaking images of protoplanetary disks
(e.g., D-SHARP; Andrews et al., 2018). A simpler space interferometer (e.g., LIFE, Large Interferometer for Exoplanets; https://www.life-space-mission.com/) with just 4x2.8m space telescopes
spread over 500m could use nulling mid-IR interferometry for exoplanet detection and spectral
characterization. Armed with decent knowledge of exoplanet demographics from Kepler, Kammerer and Quanz (2018) found that such an interferometer would detect hundreds of small planets.
The detection statistics are very favorable and would highly complement the visible light exoplanet
detections from a future HabEx or LUVOIR coronagraphy mission.
Please see additional relevant White Papers submitted to the ASTRO2020, including “Imaging
the Key Stages of Planet Formation (lead: Monnier)”, “The Future of Exoplanet Direct Detection
(lead: Monnier)”, and “A Long-Term Vision for Space-Based Interferometry” (Lead: Rinehart).
Technical Overview:
One can trace formation flying space interferometry proposals back to the 1970s and 1980s,
including early work on nulling (Bracewell and MacPhie, 1979), a 3-telescope mission concept
(TRIO; Labeyrie et al., 1984, 1985) and some interesting orbital mechanics considerations for lowearth orbits (Stachnik and Gezari, 1985). Ultimately the first optical interferometer in space was
flown as part of a single telescope – the Hubble Space Telescope actually employs interferometers
within the Fine Guidance Sensors (Eaton et al., 1993).
The first major push for
a dedicated space interferom- Table 1: Proposed space interferometer concepts (NASA/ESA)
Name
Wavelength Reference
eter was for astrometry, as
SIM
visible
Shao (1998)
atmospheric turbulence fundaOSIRIS
visible
Bagrov et al. (1999)
MAXIM
X-ray
Cash et al. (2004)
mentally limits the prospects
MAXIM
Pathfinder
X-ray
Gendreau et al. (2004)
for parallax and proper moPEGASE
vis/NIR
Le Duigou et al. (2006)
tions measurements on the full
SPECS
far-IR
Harwit et al. (2006)
sky. Following encouragement
ESPRIT
far-IR
Wild and Helmich (2008)
from the 1990 Decadal survey,
SPIRIT
far-IR
Leisawitz et al. (2007)
FIRI
far-IR
Helmich and Ivison (2009)
the Space Interferometry MisDARWIN
mid-IR
Cockell et al. (2009)
sion (SIM, Shao, 1998) was
SIM-LITE
visible
Shao et al. (2010)
developed by NASA, with a
FKSI
mid-IR
Danchi and Barry (2010)
goal for 4µ-arcsecond astrometStellar Imager
UV/visible
Carpenter et al. (2010)
ric precision using a 10m baseTPF-I
mid-IR
Martin et al. (2011)
SHARP-IR
far-IR
Rinehart et al. (2016)
line on a structurally-connected
4
DARE
radio
Plice et al. (2017)
interferometer . Due to techLISA
n/a
Amaro-Seoane et al. (2017)
nical delays, rising costs, and
SunRISE
radio
Lazio et al. (2018)
emerging competing techniques,
LIFE
mid-IR
Quanz et al. (2018)
SIM was cancelled as part of
IRASSI
far-IR
Linz et al. (2019)
the Astro2010 Decadal Survey.
High-precision astrometry using interferometers is technically difficult and has been largely abandoned in favor of more traditional architectures, relaxing stability constraints from nm-level to µm
level.
4

While there may be a short-term case for structurally-connected space interferometers, we are focused here in
developing rationale for formation flying interferometry which is more promising the long-term.
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Moving on, the next application explored seriously for space interferometry was nulling for
exoplanet detection. Interferometric nulling (Bracewell and MacPhie, 1979) is the technique
whereby the interferometer is tuned so that the host star sits at a destructive interference “null”
while nearby exoplanets would generally not be nulled and thus be detected. Because light from
the star is suppressed, there is no associated photon noise. Nulling has limited application on
the ground due to the strong piston fluctuations induced by atmospheric turbulence that frustrate
maintenance of the destructive null. In the 2000s, the NASA Terrestrial Planet Finder Interferometer (TPFI, Lawson et al., 2007) and ESA DARWIN (Cockell et al., 2009) projects studied the
requirements for a mid-IR formation flying nulling space interferometer. The core idea is that
an exo-Earth has the best contrast with the host star in the mid-IR (1:106 , compared to 1:1010 in
visible) and nulling will further suppress the host star flux. In mid/late 2000s, these technology
projects failed to mature to funded flight missions – see Lawson (2009) and Lawson et al. (2017)
for a timeline of events and an overview of technical achievements of the TPFI program.
Additional mission concepts have been developed for nearly all wavelengths ranges and also
using unconventional methods such as intensity interferometry (Matsuo et al., 2018). A (nearly)
exhaustive list of proposed major space interferometry mission concepts appears in Table 1.
Since cancellation of SIM, TPFI, and DARWIN, there has been only limited organized activity
within NASA or ESA developing space interferometry. Fortunately, the technologies needed for
formation flying were picked up by other programs (see Figure 4), either integrated into “smallSat”
programs or as part of technology development for the LISA Gravitational Wave Interferometer
Mission, which was recently given a huge boost by the detection of gravity waves by LIGO (Abbott
et al., 2016). In the next section, we breakdown the subsystems needed for a formation flying space
interferometer and introduce some recent relevant smallSat and larger missions.

Figure 4: Astronomers have dreamed big for decades but are stalled in moving forward on ambitious space interferometers (top panels). Major breakthroughs in formation flying have been achieved by other communities (bottom
panels), reinvigorating work towards true formation flying space interferometer with first stellar fringes by 2030.
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Technology Drivers:
The number of small satellite
projects worldwide is skyrocketing.
Figure 5 shows the incredible growth
in the field with over 4000 missions launched or in planning stages.
While most projects have nothing
to do with astronomy directly, astronomers have played major roles in
some efforts, developing techniques
for precision pointing and testing
hardware such as cameras, detectors,
fiber injection, and deformable mirrors. In this section, we explore how
formation flying space interferome- Figure 5: Around 1000 smallSats have flown so far with nearly 3000
in planning stages. There is truly an engineering revolution happening
try can leverage progress across a surrounding inexpensive small satellites making formation flying space
spectrum of technologies and be re- interferometry feasible and exciting to pursue over the coming decade.
This graph was generated at http://www.nanosats.edu .
alistically pursued in this decade.
It is beyond the scope of this
white paper to go into detail about the Technical Readiness Level (TRL) of all required subsystems
needed for a successful formation flying interferometer mission. However, we will discuss some
of the key technologies and give a preliminary status report. We also present a reference list of
relevant past, present and future projects (see Table 2). Readers should please contact the lead
author at monnier@umich.edu with corrections and additions, as we intend this document to stay
updated and available online following the ASTRO2020 process.
Astronomers might be curious why there has been so much recent technological development
relevant to formation flying, outside the NASA/ESA interferometer context. Telecommunication
and remote sensing communities have interests in the same technologies as well as specific interests
in operation of “formations”, “swarms”, and “constellations” of satellites, be they nanoSats, CubeSats, microSats, or larger spacecraft. For example, absolute meter station keeping is desired for
orbit maintenance of even loose constellations, involving space GPS or ground referencing. Basic
maneuverability and propulsion systems are useful for changing orbits, re-pointing, and avoiding
obstacles for a wide class of missions beyond strict formation flying. LIDAR and radio ranging are
technologies needed for mapping Earth’s gravitational field or for future remote sensing missions,
e.g., asteroids mapping, as well as for docking and rendezvous maneuvers.
Flying spacecraft within a formation <1 km across can in principle allow high-speed communication through 5G wireless networks which can enable radically different instrument architectures.
A “fractionated spacecraft” allows the different subsystems ordinarily contained on a single large,
expensive spacecraft bus to be split into separate parts, allowing greater redundancy, cheaper replacements and sometimes fewer moving parts than traditional monolithic design. For example,
a sunshield used for cooling could be positioned separately, a calibration target could be flown
without needing awkward extending booms or other moving parts, and a high-gain antenna or
high-bandwidth laser communication unit could be independent, relaying signals collected locally
through the high speed local area network to ground stations. If a critical component fails, one can
replace just the failed small satellite not an entire complex spacecraft.
7

Groups working with CubeSats have been pushing towards standardization of interfaces, underlying software architectures, miniaturization of key components such as propulsion valves, atomic
clocks, LIDAR systems, etc. A review of the field gives great optimism that most of the essential components for formation flying have been developed and tested in space already,
although the need for consolidation and greater reliability remains.
A realistic roadmap for formation flying space interferometry must include technology readiness in the following areas:
1. Launch vehicles and available orbits. SmallSats are carried into space by a wide variety of
launch vehicles and generally travel on low earth orbits (LEO) between 400-550km with
orbital decay lifetimes between 1-10 years. Wider orbits with longer lifetimes and higher
orbital stability for the formation will ultimately be needed for space interferometry and
additional study is needed to understand how to operate initial space interferometers from
LEO. There may be new launch opportunities for lifting smallSats to near-GEO or lunar
orbit in the future that could be transformative for a formation flying mission.
2. Post-release spacecraft stabilization (detumbling) and pointing acquisition. Small satellites
can be tumbling wildly following deployment. Some mission failures still occur when trying
to properly slow rotations, acquire a pointing reference and establish first ground communication. This area is rapidly maturing and we can expect that reliable, off-the-shelf solutions
should be available for any future formation flying mission.
3. Communication with the ground. Science programs often generate large volumes of data
which need high bandwidth ground communication. Radio downlink during limited time
periods per day is the general strategy but laser communication is possible with speeds up
to ∼10Gbits/sec. New planned satellite constellations (e.g., Starlink) providing high speed
internet anywhere on (or just above) the Earth may be a game changer.
4. Communication between spacecrafts in-formation. Off-the-shelf Gigabit-speed local area
networks based on 5G wireless technology are rolling out. The km-level range is a good fit
for formation flying interferometers.
5. Power for smallSats is limited (∼10W) due to the their small solar panels. More power will
be needed for certain critical subsystems, e.g. laser communication and ranging. Deployable
panels with greater collecting areas are being developed commercially (> 40W) and may
mitigate these issues in the medium-term.
6. Pointing, precision attitude control. Maintaining stable and smooth pointing is critical for
nearly all astronomical applications. Recent missions have demonstrated arcsecond level
pointing stability which should be (barely) adequate for formation flying of small apertures
– especially in conjunction with field steering mirror feedback.
7. Monitoring absolute and relative distance between spacecraft. An overlapping hierarchy
of technologies exist which allow us to know the 3D absolute and relative positions of a
spacecraft formation. Off-the-shelf Space-GPS can provide sub-meter absolute positions
with cm-level relative positions, adequate for monitoring orbit and for collision avoidance.
For formation flying interferometry, we need to track separations within a wavelength of
8

light, well beyond mm ranging precision of state-of-the-art radio frequency ranging methods.
Laser ranging has demonstrated spacecraft separations with precision down to the ∼10nm
level and will be needed for formation flying interferometry.
8. Control and maneuverability, propulsion, orbit maintenance, formation rigidity. Propulsion
is needed to change the baseline lengths between spacecrafts in an interferometer and also
to maintain a fixed distance. A serious issue for formation flying spacing interferometry
involves how to maintain optical path differences to allow phase-stable, long coherent exposures of interference fringes. Recent missions have maintained a formation with ±0.5 m separations using active thruster feedback and drift speeds of ∼100µm/sec have been achieved.
This performance is not adequate for formation flying interferometry and progress is needed
in this area, including investigating chemical/monopropellant and electrical propulsion methods in addition to optimizing conventional cold gas thrusters. We can expect ongoing technical developments for LISA and others missions to advance this general area.
9. Re-positioning, re-fueling, rendezvous and docking. In addition to using propellant to maintain the array formation during observations, each new astronomical target will require globally re-orienting the array which is not possible with reaction wheels alone. The demands
on propulsion will be high and limit both the achievable sensitivity and the lifetime of the
mission. Alternative propulsion methods such as using solar pressure or atmospheric drag
need to be explored for future formation flying. In the longer term the “propellant shortage problem” can be solved through regular robotic refueling, thus requiring rendezvous and
docking development generally not considered for smallSats but which can have applications
for assembling space structures beyond formation flying interferometers. Indeed, industry is
pursuing on-orbit servicing capabilities both at GEO and LEO and we can reasonably expect
remote re-fueling to be feasible on the decade time scale.
10. Algorithms for situational awareness, autonomy, safety. Spacecraft distances within 100m
are considered very risky and generally avoided. If one loses control of a spacecraft in formation, there is a serious risk of collision and the generation of dangerous space debris.
Development of robust autonomous control algorithms and “passively safe” formations are
essential for future formation flying interferometers. On the software side there are connections with the active area of drone formation flying, situational awareness legacy from
driverless cars, and past formation flying space missions.
11. Reliability. While it is widely acknowledged that component reliability has improved significantly in recent years, formation flying space interferometry will place huge new demands
as the required number of working subsystems stack up.
12. General miniaturization and power reduction. University groups and companies are working
to miniaturize a wide range of high-tech components that can be useful for modern instruments, for example lasers, atomic clocks, GPS hardware. 3D printing in plastic and metal
has been a critical enabling technology for smallSats that allow optimal use of volume and
mass and is accessible to small groups with limited budgets. These advances are critical and
affect the panoply of technologies listed above. A future system-level review for a formation
flying mission will need to identify key crucial technologies requiring further optimization.
9

13. Astronomy-specific challenges. So far we have hardly mentioned the unique astronomy requirements for formation flying space interferometry. University groups can have a huge
impact here, while counting on the legion (thousands!) of other smallSat groups to continue perfecting general-purpose capabilities. We need to identify solutions for telescopes,
automated high-efficiency fiber coupling, fine optical path length control to compensate
for spacecraft drifts, beam steering and control, suitable “space-friendly” beam combiner
designs, low power and space-qualified detectors, compact and low power cryogenics for
eventual infrared work, sunshields for thermal management as well as control of scattered
light, and evolve our thermal and vibration modelling capabilities. We expect participation
at smallSat sessions at the biennial SPIE meetings to swell over the coming decade.
While smallSats can not accomplish all the ambitious science goals astronomers have, they
offer a flexible and inexpensive prototype platform as a bridge to the $1B missions we dream of.
We will end this section with Table 2 – a partial list of mostly smallSat and some larger missions
relevant to formation flying and space interferometry. While out of scope to present full discussion
of each project, we do include noteworthy details about each mission in the table and a paper
reference when available.
Table 2: Missions developing enabling technology for formation flying space interferometry
Name
Starlight (NASA-JPL)

Status
cancelled 2002

TechSat-21 (AFRL)
PRISMA (Sweden)

cancelled 2003
launched 2010

TanDEM-X (Germany)
F6 (DARPA)
CanX-4/5 (Canada)

launch 2010
cancelled 2013
launched 2014

MMS (NASA)
MinXSS (Colorado)
OCSD-A (AeroSpace)
& OCSD-B/C
FLOCK 2p (Planet Lab)
RANGE (Georgia Tech)
PICSAT (Obs. Paris)

launched 2015
launched 2016
launched 2015
launched 2017
launched 2017
launched 2018
launched 2018

ASTERIA (MIT-JPL)
GRACE-FO (NASA)

launched 2018
launched 2018

DeMi (MIT)
TARGIT (Georgia Tech)
PROBA-3 (ESA)

to launch 2019
to launch 2020
to launch 2020

FIRST-S (Obs. Paris)
VTXO (NASA-GSFC)
mDOT (Stanford)
SunRise (NASA-JPL)

TBD >2022
TBD >2023
TBD >2025
TBD >2025

LISA (ESA/NASA)

TBD >2034

Primary Goal/s
Formation flying space interferometer
(Blackwood et al., 2003)
Test formation flight technology
Autonomous formation flying, 800m-5km,±0.1m
(Persson et al., 2010)
Formation flying (Jäggi et al., 2012)
Fractionated free-flying spacecraft ($> 200M spent)
GPS formation flying 50m-2300m separations
Achieved positioning ±0.5m w/cold gas (Kahr et al., 2018)
GPS-assisted formation flying; 4.5km apart
Precision pointing (Mason et al., 2017)
Laser communication &
Proximity sensing/maneuvering (Welle et al., 2018)
Constellation phasing with drag (Foster et al., 2018)
Laser ranging, controlling formation actively
Starlight injection into single mode-fiber; APD detector
(Nowak et al., 2018)
Sub-arcsec pointing stability; ∆T ± 0.01K (Pong et al., 2010)
Laser ranging interferometry over 230km
with <10nm precision (Abich et al., 2019)
MEMS mirror testing (Allan et al., 2018)
LIDAR, ranging measurement of two spacecraft
Precision formation flying 150m apart
Goal ±5cm transverse positioning (Focardi et al., 2015)
Interferometer on single spacecraft (Lapeyrere et al., 2018)
Formation flying (Rankin et al., 2018)
Formation flying (Koenig et al., 2015)
GPS formation flying with 6 spacecraft;
radio interferometry near GEO (Lazio et al., 2018)
Formation flying 2.5 million km apart
(Danzmann and LISA Science Team, 2003)
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Organization, Partnerships, and Current Status:
In addition to solving remaining technology issues, there are important management issues to
consider. Hardware and software expertise for smallSats is distributed amongst a diverse group
of small university groups, government labs, industrial partners both large and small, and spread
over the world. Attempting formation flying space interferometry will require management of a
loose-knit group of collaborators providing separate subsystems needing tight integration. This is
further complicated by intellectual property issues and government rules restricting space technology information sharing. Formation flying space interferometry has a unique feature that helps
organization since independent groups, even from different countries, can each be responsible for
a separate spacecraft in the formation thus quarantining any IP and export licensing concerns to
within each group. As ground-based interferometry is already very international, we anticipate
fruitful international collaborations formed to tackle the exciting challenge of formation flying
space interferometry using small satellites. We are aware of active interest to develop smallSat
interferometry around the world, e.g., in the USA (Monnier), France (Lacour), and Australia (Ireland).
The convergence of multiple developments – exciting exoplanet science opportunities, the burgeoning smallSat revolution, LISA interferometer excitement, spiraling costs of NASA flagships
– has fueled renewed interest in space interferometry in the astronomical community. At the 2018
SPIE Meeting in Austin, a splinter group organized an impromptu working lunch to begin planning a new future for space interferometry. This small group of ∼10 persons represented USA,
European and Australian Universities along with NASA Centers, STScI, and the US aerospace
industry. In December 2018, the USRA organized a workshop with ∼40 participants to reboot
long-stalled efforts, revisit the science cases for space interferometry, and brainstorm new ways of
going forward.
Beyond astronomy, the broader formation flying smallSat community is growing rapidly and
with specialized workshops devoted just to formation flying engineering. We will start to see
interferometrists at these meeting and begin converging on a baseline design for a first-generation
formation flying space interferometer.
Schedule:
First fringes using a formation flying space interferometer should be demonstrated by 2030.
Cost Estimates:
For the topic of formation flying space interferometry, we are only proposing small satellite
development over this decade, thus locating this effort firmly as a “Small <$500M” space project.
Thousands of smallSat missions will occur over the next few years on a full range of topics,
each developing important technology and maturing the smallSat ecosystem. We anticipate at
least 3 small cubeSat missions (<$5M) will narrowly focus on crucial gap technology needed for
formation flying during the first half of next decade, followed by a mid-scale ($20-50M) mission
to actually interfere light collected by separate spacecraft to be launched by 2030.
Funding for smallSats can come from a variety of places, including NASA, NSF, DOD, AFRL,
and industry. Some known funding programs are listed in Table 3. NASA and NSF should
increase funding for smallSat astronomy, an investment that could lead to transformative
capabilities for decades to come.
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Table 3: Relevant Funding Programs for Formation Flying Space Interferometry (subject to
change)
Program Name
NASA ROSES/APRA
NASA Mission of Opportunity (MOO)
NASA SMEX
NASA Explorers
NASA Probes
NASA SIMPLEx
NASA ACT
NSF Ideas Lab: Cross-cutting Initiative
in CubeSat Innovations
Air Force Research Lab
University NanoSat Program

Purpose
suborbital, CubeSats
SmallSats
small missions
small/medium missions
large missions
small/planetary
components
CubeSat

Project Budget
$5M, up to $10M
$35M, up to $70M
$180M w/ launch
$350M w/ launch
$1B
$20-$50M
$1M-$5M
$4M

Cadence (if known)
yearly, March
every ∼2 years
every ∼4 years (next 2019)
every ∼4 years (next 2021)
uncertain, >2022

smallSats

2 projects per year

next 2021
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