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Outline

• Introduction to NASA Mission Goals
• NASA’s Space Technology Mission Directorate Framework
• Process of Envisioned Future and Gap Definition
• Highlights of key technology projects
• Summary
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National Aeronautics and Space Administration
Ensuring American Global Leadership in Space Technology

Technology Drives the Space Economy 5

NASA’s Leadership in Space Technology

Technology Drives the Space Economy



STMD Strategic Technology Framework
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! Establishing sustained Human presence will require multiple landers
! NASA’s Evolvable Mars Campaign identified a 4-lander manifest 

! Must land within 50 m of a target 
! Must remain 1 km from other landed assets to prevent sand blasting

Human Mars Mission: Landing Multiple 2-Story Houses

Lander 2 Lander 3 Lander 4Lander 1

Requires orders of magnitude improvement on pinpoint landing capability



Payloads up to ~1 t Payloads 20-30* t
*actual payload requirements differ with architecture assumptions 8

Steady progression of “in family” EDL

Entry Capsule
(to scale)

New Mars EDL Paradigm

Viking Pathfinder MERs Phoenix MSL InSight M2020 Human-Scale 
Lander

(Projected)

Diameter (m) 3.505 2.65 2.65 2.65 4.52 2.65 4.52 16 - 19
Entry Mass (t) 0.930 0.585 0.840 0.573 3.153 0.608 3.368 49 - 65
Parachute Diameter (m) 16.0 12.5 14.1 11.8 21.5 11.8 21.5 N/A
Parachute Deploy (Mach) 1.1 1.71 1.67 1.65 1.75 1.66 1.8 N/A
Landed Mass (t) 0.603 0.360 0.539 0.364 0.899 0.375 1.050 26 - 36
Landing Altitude (km) -3.5 -2.5 -1.4 -4.1 -4.4 -2.6 -2.5 +/- 2.0

Landing Technology
Retro-

propulsion Airbags Airbags Retro-
propulsion Skycrane

Retro-
propulsion Skycrane

Supersonic
Retropropulsion

Human Mars EDL Capability Requires a Leap in Scale
• Viking-derived rigid sphere-cone aeroshells with cross sections that fit in a launch vehicle shroud are not large enough 

to decelerate heavy payloads in the thin Mars atmosphere – a larger entry system is needed (“E”)
• Supersonic parachutes cannot be used; high-speed propulsive descent is enabling (“D”) 
• Precise Lunar landings require and will demonstrate integrated GN&C for the landing and prediction/knowledge of large-

engine plume surface interaction (PSI) effects. Both feed forward to large Mars missions (“L”)
• Robust guidance and control throughout entry and descent is required for safe, precise landing (“EDL”)



National Aeronautics and Space Administration
LAND: Enable Lunar/Mars global access with ~20t payloads to support human missions

Large Scale Demonstrations
Large structures, including deployables, that can slow down a 
20t payload in the thin Mars atmosphere 

Safely and precisely land near science sites or pre-
deployed assets (see details in separate package)

Precision Landing and Hazard Avoidance

Plume Surface Interaction
Reduce risks to landers and nearby 

assets by understanding how engine 
plumes and surfaces behave

Foundational Modeling, Testing, 
Instrumentation, and Computing

Measure EDL flight system 
performance and 

update/develop unique, critical 
simulations for EDL/DDL systems

LUNAR CAPABILITIES (FEEDING FORWARD TO MARS) 

Retropropulsion
Understand flow physics and 
vehicle control through wind 
tunnel testing of Mars-relevant 
configurations; advance CFD 
modeling

Earth Flight Tests, such as LOFTID

Assess
Alternatives

Human Mars EDL

MARS CAPABILITIES

Developing landing capabilities that support unique requirements for both the Moon and Mars, to allow for landing 
greater payload capacity with greater accuracy

Aggregate Assets
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Mars Crew / Cargo Landers for 20t Payloads
Notional Development Plan (Current STMD Investments Noted in Pink Bars)

• The large-scale Mars EDL system is comprised of multiple long-lead elements that all need to be matured in parallel.
• Flight tests of ”E,” “D,” and “L” components occur at Earth. Precision Landing is demonstrated on the Moon. End-to-end Mars validation 

is performed computationally (as with current vehicles), and the Mars cargo missions serve as the system certification for humans.

HIAD Hypersonic-to-Supersonic Guided Earth 
Flight Tests

EDL System Studies and Ground 
Development/Demonstration

First Mars Cargo Mission Development     
(full scale)-ESDMD

First Mars Human Lander Development                        
(full scale)-ESDMD

Competed Industry Participation

Mars Launch Windows

LOFTID Flight Test
Deliver ~2 years 

before Launch
Humans

On
Mars

Second Mars Cargo Mission Development   
(full scale)-ESDMD

Plume Surface Interactions 
Modeling/Testing 

PSI

Entry Systems/Foundational Modeling and Ground Testing, Flight Instrumentation, and High-End Computing

Large-Scale Structures 

Human-Scale Landing Systems

SPLICE

SRP Human Mars Configuration Testing

Descent Systems Study

HIAD Ground Scale-Up to 10, 15 m

continues

continues

continues

continues

Precision Landing Earth and Moon Testing

Mars 2020 TRN
Legend

Current Funded Activity

Spacecraft Development or Operations (HEOMD)

Risk Reduction / Capability Maturation

Demonstrated first at Moon                            Delivery

Launch (test flight LV TBD)                               Feed-in

NOTE: Numbered items correspond to highest-priority gaps (see page 9). Activity duration and timing are success-oriented and require significant investment increases.
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LAND: Technologies to Precisely Land Payloads and Avoid Landing Hazards
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Developing entry, descent and landing technology to enhance and enable small spacecraft to Flagship-class 
missions across the solar system 



Landing Precision: Development Strategy
Develop Technologies to Precisely Land Payloads and Avoid Landing Hazards
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Current Investments to Achieve 20t Landings

*SPLICE
Precision Landing/Hazard Detection 

sensor, computing, and algorithm 
development, flight testing, and 

commercialization

Descent Systems Study
Mid L/D ground testing complete
HIAD and all SRP testing FY22

MEDLI2
Heating and pressure sensors on Mars 

2020 aeroshell; provided 
aero/aerothermal model validation data                        
(deep-dive data analysis in progress)

*SCALPSS
Stereo Cameras to measure Plume 

Surface Interaction under CLPS landers; 
provides PSI model validation data

Camera

DSU

LOFTID
6m inflatable aeroshell test with United 

Launch Alliance (ULA) - 2022

*Plume Surface Interaction (PSI)
Model Advancement and Validation 

through Ground Testing, Flight 
instrument maturation

Early-Stage investments such as SBIR and academic efforts contribute to most projects shown
*Orange = Demonstration for Lunar missions in Near Term; Lunar-focused investments feed forward directly to Mars

NDL

DLC
HDS Head

Entry Systems Modeling (ESM)
Advancing core capabilities and reducing 

mission risk through validation 
(Aerodynamics, Aerothermal, TPS, GN&C)
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LAND: Enable science missions entering/transiting planetary atmospheres and landing 
on planetary bodies
Developing atmospheric entry technology to enhance and enable small spacecraft to Flagship-class missions 
across the solar system 

Entry Systems Modeling & Testing
Reducing entry system mass and risk by 
developing advanced, validated models

to enable

All activities depicted not currently funded or approved. Depicts “notional future” to guide technology vision.

Increasing Science Return, Decreasing Risk, Cost, and Schedule

ICY MOON PRECISE LANDING HIGH-SPEED SAMPLE RETURN

PRECISION DEORBIT SATURN PROBE
TITAN PINPOINT LANDING

MARS SAMPLE RETURN

”DESKTOP WIND TUNNEL”

IN-DEPTH MATERIAL RESPONSE 3D WOVEN HEATSHIELDSDEPLOYABLE DECELERATORS

MAGNETIC SUSPENSION WIND TUNNEL

PARACHUTE MODELING

Hardware
Development

Mars 
Sample Return

Venus Balloon  
& Landers

Saturn 
Probes

Uranus and Neptune 
Orbiters and Probes

Comet 
Sample Return

Missions Across the Solar System at Scales from Small Spacecraft to Flagship

CONFORMAL MATERIALS

Maturing new 
materials and 
systems to fill 

performance gaps 
and enable new 

missions

ICE GIANT AEROCAPTURE

Lunar 
Exploration



Mission Priorities from the 2022 Planetary Decadal Survey
List of Missions Includes Entry, Descent and/or Landing (EDL)
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* = mission involves EDL

2022 Decadal Survey Priority Enabling/Enhancing EDL Capability Advancement

Uranus Orbiter and Probe* Aerocapture for orbiter; atmospheric modeling, aero/aerothermal modeling, 
mass-efficient entry system

Enceladus Orbilander* Unclear. Precision landing/hazard avoidance?

Europa Lander* Hazard detection and avoidance

Mercury Lander* Unclear. Precision landing/hazard avoidance?

Neptune-Triton Odyssey Aerocapture for orbiter (?); atmospheric modeling, aero/aerothermal modeling, 
mass-efficient entry system

Venus Flagship* Atmospheric modeling, aero/aerothermal modeling, mass-efficient entry 
system, precision landing?

New Frontiers 5 (2024 AO)

Fl
ag

sh
ip

New Frontiers 7
• Centaur Orbiter and Lander (CORAL)*
• Ceres sample return*
• Comet surface sample return (CSSR)*
• Enceladus multiple flyby (EMF)
• Lunar Geophysical Network (LGN)*
• Saturn probe*
• Titan orbiter
• Venus In Situ Explorer (VISE)*

New Frontiers 6

• Triton Ocean World Surveyor
New Frontiers 6 list, plus

• Comet Surface Sample Return (CSSR)*
• Lunar South Pole-Aitken Basin Sample Return *
• Ocean Worlds (only Enceladus)
• Saturn Probe*
• Venus In Situ Explorer*
• Io Observer
• Lunar Geophysical Network (LGN)*

https://www.nationalacademies.org/our-work/planetary-science-and-astrobiology-decadal-survey-2023-2032Reference:

https://www.nationalacademies.org/our-work/planetary-science-and-astrobiology-decadal-survey-2023-2032


Planetary EDL Subsystem SOA/Activities
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TPS
" Investments over the past ~15 years have produced 

materials that span the expected planetary mission 
space for the next 1-2 decades

HEEET ADEPT/Spiderweave
PICA

Atmosphere Models
" GRAM update for PSD destinations 

of interest nearing completion; New 
data inclusion forthcoming

GN&C Modeling
" Baseline models under development for 

expected planetary mission space; Quantified 
uncertainty forthcoming

Parachutes
" Mars2020 flew largest supersonic chute to date; MSR 

plans even larger. Modeling SOA lags hardware/testing, 
but is under active development

Architecture/System
" EES designed for high reliability. ADEPT & HIAD provide 

scalability beyond rigid capsules, SRP provides extensibility 
beyond parachutes

Aero/FS Simulation of ADEPTM2020 Parachute EES ADEPT

HIAD (LOFTID)

SRP Simulation

SOA: Subsystem and environmental 
models are integrated into an end-to-

end EDL trajectory simulation



EDL & Precision Landing Gaps

• Land large payloads on the Moon 
• Land within 50 m of desired site (develop sensors, 

algorithms)
• Establish consistent lunar maps
• Be able to predict Plume Surface Interaction (PSI)
• Obtain PSI flight data

• Land 20+ t on Mars
• Land within 50 m of desired site
• Establish consistent Mars maps
• Be able to predict PSI
• Conduct flight tests of hypersonic entry system
• Conduct flight tests of retropropulsion system
• Scale up large rigid and inflatable structures
• Develop landing attenuation methods

• Improve aerodynamic and aerothermal models
• Establish parachute modeling
• Advance multi-disciplinary, coupled tools
• Instrument EDL vehicles for lower SWaP-C
• Establish & access inexpensive flight test platforms
• Maintain and modernize unique facilities
• Modernize codes to GPU platforms; utilize high-end computing
• Advance flight mechanics/GN&C tools
• Mature TPS performance and reliability modeling

• Design high-reliability EDL systems
• Develop EDL/Aerocapture capability for small 

spacecraft
• Perform aerocapture at ice giants
• Enable safe landing on Europa
• Develop technologies for large landers

Science Mission-FocusedLunar-Focused

Mars-Focused Cross-Cutting

17(summary representation of ~65 gaps, not verbatim)



Early Stage Innovation

Technology
Maturation

• NASA Innovative Advanced 
Concepts

• Space Tech Research Grants
• Center Innovation Fund/Early 

Career Initiative

Partnerships & Technology Transfer
• Technology Transfer 
• Prizes and Challenges
• iTech

Low TRL

SBIR/STTR

• Game Changing 
Development

Mid TRL

High TRL

Technology Demonstrations 
• Technology Demonstration 

Missions
• Small Spacecraft 

Technology
• Flight Opportunities
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STMD Programs – Means to the End Goal

TECHNOLOGY PIPELINE



Next Steps: NASA Moon-to-Mars (M2M) Objectives 

• https://www.nasa.gov/press-release/update-nasa-seeks-comments-on-moon-to-mars-objectives-by-june-3
• https://www.nasa.gov/sites/default/files/atoms/files/moon-to-mars-objectives-.pdf 19

• On May 17, NASA 
released 50 objectives for 
public comment (links to 
video/charts below)

• International comments 
are also being sought

• Result will be updated 
M2M objectives and 
updated architectures for 
lunar and Mars missions

• EDL technology gaps will 
be assessed against the 
updated architectures

https://www.nasa.gov/sites/default/files/atoms/files/moon-to-mars-objectives-.pdf
https://www.nasa.gov/sites/default/files/atoms/files/moon-to-mars-objectives-.pdf


What’s Next in EDL (2024-40)?

• We will land precisely on the Moon, first with commercially-provided landers (small), 
then evolving to human-scale

• Lightweight, inexpensive sensors for precise landing (feeds to Mars); integration on commercial landers
• Plume/surface/vehicle interactions near touchdown (feeds to Mars)
• Integrated simulations for assessing landers and sensor suites (feeds to Mars)

• Commercial efforts in EDL are growing: low-cost Earth return
• We want to return samples from Mars by the early 2030’s

• Landing ~1500 kg precisely, next to samples that Mars 2020 caches
• Landing a rocket on Mars and autonomously launching it
• Returning the samples to Earth in a capsule with 1x10-6 probability of failure

• Scientists want to go to Venus, Ice Giants, Ocean Worlds, and Outer Planets (& back)
• EDL Challenges: rugged terrain, unknown/thick atmospheres, high entry speeds

• Scientists want to go to Mars more often
• EDL Challenges: cost, risk tolerance

• We have the long-term goal of landing humans on Mars
• EDL Challenges: high mass, precise landing, risk posture for humans
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Summary

• EDL at NASA serves human exploration and science missions 
across the Solar System. EDL is a critical exploration function 
made of specialized disciplines and subsystem designs.

• There are many ongoing missions in development, technology 
maturation efforts, and engagements with industry

• We are participating in NASA-level efforts to align objectives, 
architectures, and identify gaps to guide technology investments

• We look forward to opportunities to collaborate with our 
international colleagues, to achieve these challenging missions
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Thank you!
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Thank you!



Recent/Current EDL Highlights/Activities
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LOFTID Test, Launch Nov 2022
Largest blunt aeroshell

Mars 2020 - Perseverance
Landing 2/18/21. TRN First Use

MEDLI2 on M2020
Deep Dive analysis underway

Dragonfly, Launch 2027
PDR Oct 2022

DrEAM Aeroshell Instrumentation

Mars Sample Retrieval Lander, Ascent Vehicle &
Earth Return Orbiter, Launch 2028

MSR EES using STMD-developed TPS
DAVINCI

Launch 2029
New TPS, Aeroshell  

InstrumentationArtemis 1 – Ready to Fly!
NASA instrumentation
SCIFLI aerial imagery

SCALPSS
Delivered to IM for CLPS flight 

in late 2022
Delivery to Firefly in Oct 2022

VERITAS - Launch 2028
Aerobraking ESI



Recent EDL Highlights/Activities
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EFT-1 TC anomaly
NESC study informed by 

ESM methods 95 100 105 110 115 120 125 130
time from 3000 s (s)
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anomaly seen

Turbulent

PSI – New Start in GCD
Active partnerships: STTR, SBIR, ESI

SPLICE
Multiple funded test flights 

(Tipping Point, CLPS, FO)

Entry Systems Modeling
Delivery of PICA-NuSil model

for MEDLI2

Descent Systems Study
Mid L/D testing complete

HIAD testing planned for FY22

Summit simulation of 
Supersonic 

Retropropulsion

Parachute FSI
Partnership with ESM & STRG

New University Awards



Acronyms

• ADEPT – Adaptable, Deployable Entry and Placement Technology
• DSS – Descent Systems Study
• ECLSS – Environmental Control and Life Support Systems
• ESM – Entry Systems Modeling
• HEEET – Heatshield for Extreme Entry Environment Technology
• HEOMD – Human Exploration and Operations Mission Directorate
• HIAD – Hypersonic Inflatable Aerodynamic Decelerator
• ISRU – In-Situ Resource Utilization
• LOFTID – LEO Flight Test of an Inflatable Decelerator
• NDL – Navigation Doppler LIDAR
• SMD – Science Mission Directorate
• SPLICE – Safe, Precise Landing Integrated Capabilities Evolution
• STMD – Space Technology Mission Directorate
• TRN – Terrain Relative Navigation
• TPS – Thermal Protection System
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