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Abstract: In this paper, we investigate methods for rapidly and accurately establishing airborne laser communication
links in scenarios where stable satellite navigation signals are unavailable. Compared to space laser communication, air-
borne laser communication faces more challenging factors such as higher platform mobility, more complex vibrations, and
greater atmospheric losses. Consequently, the strategies and technologies for acquisition, pointing, and tracking in airborne
laser communication require further refinement. To address the above issues, this paper constructs an airborne communica-
tion system that integrates millimeter-wave and laser technologies. It explores a method based on the Kalman filter princi-
ple, combining ranging and angle measurement information obtained from the millimeter-wave planar array with the plat-
form’s flight state information to improve the accuracy of estimating the position and facilitate the rapid establishment of
airborne laser communication links. First, based on the platform’s flight state, a motion model of the aircraft following a
rhumb line is established. Next, a measurement model is developed according to the principles of millimeter-wave planar ar-
ray ranging and angle measurement. Then, to address the nonlinear characteristics of the motion and measurement models,
the unscented transformation is employed to generate sample points and weights, avoiding the complicated Jacobian matrix
form used in the extended Kalman filter. Finally, the mean and variance of the target aircraft’s position estimation are ob-
tained. Simulation results show that the target aircraft position estimation method proposed in this paper has significantly
lower errors than those of the millimeter-wave measurement. The position estimation error is effectively controlled within

the range required for rapid acquisition by the laser communication terminal, meeting the demands for establishing and
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maintaining stable airborne laser links. In summary, the millimeter-wave-assisted airborne laser communication method pro-

posed in this paper can provide technical support for rapidly and reliably establishing laser communication links between

airborne platforms under conditions of unstable satellite navigation signals. It has promising application prospects in areas

such as inter-aircraft broadband networking, disaster area emergency communication relay, and formation flying coordina-

tion.
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