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Optimization of Perturbation Guidance Parameters based on Adjoint
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Abstract: The guidance system, a core subsystem of launch vehicles, is crucial for the successful launch. Perturbation guidance,
as the primary guidance method for domestic rockets within the atmosphere, relies on the design efficiency and precision of guidance
parameters to determine the overall system performance. Traditionally, the parameter design is carried out by designers through
extensive trial calculations and experience-based adjustments, resulting in low efficiency and high costs. To address this issue, an
automatic optimization method for perturbation guidance parameters based on adjoint sensitivity and the Adam gradient descent
algorithm is proposed. By constructing a point-mass dynamic model of the launch vehicle, the guidance parameter design is
transformed into a constrained optimization problem. The adjoint sensitivity method is employed to efficiently compute the gradient of
the objective function with respect to parameters, while the Adam algorithm adaptively adjusts the learning rate to achieve parameter
auto-tuning. A two-stage launch vehicle is tested under random wind field disturbances. The perturbation guidance control parameters
are optimized using a cost function that combines trajectory tracking errors and terminal range deviations. Simulation results show that
the compared with the traditional manual tuning method, the proposed method can quickly find suitable control parameters. It provides
an efficient and precise solution for the design of perturbation guidance parameters in launch vehicles, significantly reducing
simulation time and design costs. The method also offers engineering reference value for improving the optimization efficiency of
complex dynamic systems
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