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The Apollo Entry Terminal Point Guidance algorithm has flown onboard Mars
lander missions but requires significant parameter tuning. For future human to
Mars missions, an operationally simpler yet robust guidance is desired, motivating
evaluation of the Fully Numeric Predictor Corrector Entry Guidance (FNPEG)
algorithm. For a representative Mars low L/D entry, descent and landing mission,
Apollo and FNPEG were compared within an established 6 degree-of-freedom
simulation. FNPEG improved terminal point precision, reducing downrange ellipse
spread by about half, but also decreased terminal altitude by ~2 km, raising
parachute deployment load concerns. A mid-point bank energy term may further
refine FNPEG and recover altitude performance, similar to Apollo’s bi-level
reference trajectory approach.
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AUGMENT FNPEG TO MATCH APOLLO-LIKE MODELS
 LATERAL DEADBAND SCHEME
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TEST FNPEG UPDATES IN 3-DOF TRAJECTORY SIMULATION

AUGMENT FNPEG AND COMPARE ALGORITHMS IN 6-DOF TRAJECTORY
SIMULATION
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FNPEG PERFORMS BETTER THAN APOLLO IN TERMS OF
DOWNRANGE PERFORMANCE, HOWEVER AT THE EXPENSE OF
ALTITUDE AT THE TERMINAL DEPLOY POINT

FUTURE INTRODUCTION OF A MID-POINT ENERGY-BANK INTO THE
FNPEG SCHEME IS PROPOSED, SIMILAR TO THE APOLLO
VARIABLE BI-LEVEL REFERENCE PROFILE FOR MARS
TRAJECTORIES TO ASCERTAIN [IF THIS AIDS IN RECOVERING
ALTITUDE PERFORMANCE DUE TO MARS' LOWER DENSITY UPPER
ATMOSPHERE AND NEED FOR MORE CONTROL AUTHORITY
PRESERVATION LATER IN ENTRY

This work is the result of ongoing efforts made by the development of the FNPEG algorithm by
Dr. Ping Lu of San Diego State University. The task of getting the FNPEG code integrated into
the 6-DOF Mars simulation and in working order was made possible by Pardha Sai
Chadalavada of the Atmospheric Flight and Entry Systems Branch at the NASA Langley
Research Center.
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