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• NASA has been investigating various aspects 
of human-scale Mars landers

– EDLAS: Architecture studies

– ESM: Entry systems

– DSS: Powered descent

– SPLICE: Sensors

• Current work looks at two 
vehicles:

– Rigid Mid L/D

– Deployable Low L/D

• Problem complexity is pushing 
limits of 3DOF approximations 

– Transitioned analysis to 6DOF

– More detailed models



Motivation

3

Precise (<100 m) and safe landing of human scale (20 t) 
payloads at Mars with powered descent (PD)

Emerging and advanced guidance, navigation, and control (GN&C) techniques with new 
algorithms and sensors can improve performance and landing accuracy
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Enabling Technologies for Low L/D

NPC 
Guidance

Direct Force 
Control



Direct Force Control (DFC)

• Decoupled downrange and crossrange errors managed in real-
time by modulating angle of attack and sideslip

– Particularly effective when entry vehicle lacks significant roll moment 
due to sideslip

• Enables lower L/D vehicles (~0.15) – lower entry mass
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Numerical Predictor-Corrector (NPC) 
Waypoint Guidance

• Waypoint targets obtained 
from optimized 3DOF 
trajectory 

– Utilizes projected gradient 
algorithm to solve for 
combination of commands that 
satisfy targets

– Targeting trajectories 
propagated internally using 
3DOF equations of motion and 
simplified disturbance models

• Has been applied to 
atmospheric EDL, 
aerocapture, powered descent
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Segment Commands Targets

Entry
• Angle of attack
• Angle of sideslip
• Time of PDI

• Landing site 
location

Powered
Descent

• Angle of attack
• Angle of sideslip
• Net engine thrust

• Landing site 
location

Landing

• Velocity at throttle 
down

• Throttle setting at 
throttle down

• Pitch angle at 
terminal descent

• Landing site radius



• Example: Effects of throttle-down phase just prior to vertical 
descent

Engineering Visualization: 3DOF to 6DOF

No Throttle Down Throttle Down

4x Speed 4x Speed



6DOF Results
NPC Guidance & Direct Force Control

• Dispersed case: variations in initial conditions, atmosphere, 
mass, and propulsion (none except ICs are known by G&C)

• G&C is making corrections to angle and thrust commands to 
mitigate targeting errors

• More RCS firings on PD seen in dispersed case
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6DOF Results
Supersonic Retropropulsion (SRP) Interference

• SRP interference 
model modifies six 
aero coefficients 
from nominal 
aerodatabase

• Addition of SRP 
interference model 
introduces large 
performance 
variations that G&C 
must correct
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Summary and Forward Work

• NPC guidance demonstrated using human-scale Mars 
lander with direct force control

– Higher-fidelity simulation (6DOF) highlights problems 
with assumptions and modeling in 3DOF work

• Near-term work

– Improve range errors at landing

– Adding navigation errors through use of extended 
Kalman filter and various onboard sensors

– Human-scale Lunar descent & landing
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