Global Space Exploration Conference 2025 Paper 1D: 92235

Navigation, Guidance and Control for Deep Space Missions (9)
Navigation, Guidance and Control for Deep Space Missions - Session 3 (3)

Author: Mrs. Sunanda Lona
Vikram Sarabhai Space Centre, ISRO, Thiruvananthapuram, India

Dr. Shriram Swaminathan
Indian Space Research Organization (ISRO), India

FUEL OPTIMAL, EXPLICIT GUIDANCE LAW FOR POWERED DESCENT GUIDANCE ON MARS

Abstract

An explicit algorithm based on augmented polynomial guidance law is presented in this paper for pin-
point soft landing on a designated site with applications to pin-point landing on Mars and other planets
with atmosphere The major contribution of this paper is the inclusion of optimal time-to-go computation
for achieving fuel optimality without compromising on the simplicity of a closed-form solution to the
guidance problem. In order to achieve that, an outer line search loop is added to augment the inner
loop guidance (which provides a closed form solution) to meet the targets precisely. Secondly, time-to-
computation is performed taking into account the non-convex constraints on commanded thrust (upper
and lower limits of saturation) through feedback from the inner loop.

The original polynomial guidance law is applicable only to environments such as Moon landing where
there is no atmosphere. In this paper, aerodynamic terms are also considered as a part of the formulation
as the Martian environment has some atmospheric density during the approach and soft-landing phases
of the mission.In addition, the initial and final orientation of the stage is constrained for smooth steering
during the burn. Algorithm presented in this paper is tested for large divert guidance conditions where
the vehicle has to target alternate landing sites.

Major contributions in this paper are achieving fuel optimality, explicit handling of non-convex thrust
constraints and inclusion of aerodynamic terms in the formulation. The robustness of the proposed
algorithm is studied extensively using Monte-Carlo simulations.



