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INTEGRATED GUIDANCE, NAVIGATION AND CONTROL ARCHITECTURE FOR ADAPTIVE
VERTICAL LANDING USING COLD GAS PROPULSION UNDER LUNAR GRAVITY

Abstract

Vertical landing vehicles employing cold gas propulsion systems provide a suitable test platform for
investigating controlled descent strategies due to their non-combustive operation and controllable thrust
response. In small-scale experimental studies conducted under reduced-gravity conditions, limited thrust
authority and strict mass constraints introduce significant challenges in achieving precise and stable soft
landings.

This study proposes an integrated and modular Guidance, Navigation, and Control (GN&C) architec-
ture for controlled vertical descent. The vehicle dynamics are modeled considering vertical motion as well
as small attitude deviations in the horizontal plane, with constant mass. This simplification is justified by
the relatively low propellant consumption of cold gas systems during short-duration descent phases and the
limited angular excursions expected in small-scale experimental platforms. The kinematic and dynamic
equations are implemented in MATLAB/Simulink and adapted to lunar-gravity analog conditions. In the
guidance layer, an adaptive velocity reference algorithm is developed based on real-time computation of
the required deceleration to achieve near-zero touchdown velocity. The reference profile is continuously
updated using current altitude and vertical velocity information, allowing controlled descent from varying
initial release conditions. For navigation, altitude and vertical velocity are estimated through discrete-
time Kalman filtering using measurements obtained from an IMU, a barometric sensor, and a LIDAR
sensor. The estimator is designed to improve robustness against sensor noise and bias while maintaining
computational efficiency suitable for embedded implementation. In the control layer, a PID-based thrust
controller is implemented using the estimated states, and actuator dynamics are incorporated into the
closed-loop model to evaluate realistic landing behavior. The overall architecture follows a hierarchical
and modular structure, enabling independent tuning and validation of guidance, navigation, and control
subsystems.

Preliminary simulation studies indicate that the proposed framework enables stable descent trajecto-
ries under different initial altitude and velocity conditions while maintaining bounded estimation errors.
Ongoing work focuses on detailed performance evaluation, experimental validation using real sensor data,
and implementation on low-cost embedded hardware platforms.

The primary contribution of this study lies in the systematic integration of adaptive guidance, multi-
sensor state estimation, and closed-loop control within a computationally efficient and modular GN&C
architecture, providing a practical testbed for small-scale vertical landing platforms tested under lunar-
gravity modeling scenarios.
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