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Abstract

Hypersonic vehicles (Mach number M, = 5) face complex environmental constraints such as high dynamic maneuvering, strong electromagnetic
interference, and strong coupling of aecrodynamic parameters during high-speed flight. Traditional electronic guidance chips struggle
to meet the requirements for guidance accuracy and reliability under extreme conditions due to issues such as large response delay,
weak anti-interference capability, and insufficient adaptability. To address these technical bottlenecks, this paper proposes a self-
evolving guidance method for photonic chips based on the Ising model and proximal policy optimization, combining the development
trend of photonic integration technology and intelligent guidance. This method breaks through the traditional design paradigm of
“fixed hardware, iterative algorithms”, constructs a self-evolving architecture with deep coupling between photonic chip hardware
structure and guidance algorithms, maps the transmission matrix of photonic unit devices to Ising spin states, and achieves dynamic
reconfiguration of photonic links through photonic regulation mechanisms, enabling in-situ collaborative evolution of guidance
models, parameters, and hardware structures. Firstly, a three-dimensional nonlinear aerodynamic coupling guidance model for
hypersonic vehicles is established, introducing correction terms for photonic chip transmission loss and coupling effects, and deriving
guidance dynamics equations under multi-physics field coupling. Secondly, a programmable architecture for photonic chips based on
the Ising model is designed, proposing a spin state mapping optimization algorithm and a millisecond-level reconfiguration strategy
to construct the core logic of self-evolving guidance. On this basis, expressions for the transmission, filtering, and reconstruction of
photonic guidance signals in strong electromagnetic interference environments are derived, and an anti-interference transmission
link based on wavelength division multiplexing is designed. An improved fusion algorithm combining Kalman filtering and particle
filtering is introduced to enhance the accuracy of system state estimation.
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