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Abstract:  [Purpose] To address the limitations of unmanned surface vessel (USV) in deep-sea
environments due to onboard energy storage capacity and reliance on fuel refueling, [Method] a
microwave wireless power supply method for USVs based on a space-based solar power station (SSPS) is
proposed. An SSPS-USV microwave energy transmission system architecture, consisting of a space
transmitter, a microwave transmission link, and a USV receiver, is constructed, and a regional illumination-
based sea surface power supply mode is proposed. Based on this, a sea surface power density distribution
model considering factors such as sea environment, USV positioning error, beam pointing error, and
attitude changes is established, and the statistical characteristics of the USV received power are analyzed.
The power matching relationship between the microwave power supply system and the onboard DC power
system is studied using a dual-polarized rectifier antenna and a Class F rectifier circuit. [Result] The results
show that, under typical conditions, a microwave radiation power density of approximately
300 W/m’~ 400 W/m’ can be obtained in the target sea surface area, with an average power supply of
approximately 6.5 kW for a 20 m’ receiver array and a rectification efficiency of approximately 80%,
enabling continuous power supply and energy storage replenishment for key USV equipment. [Conclusion]
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The research results show that the SSPS-USV microwave power supply system can provide a new energy

security approach for the long-term operation of deep-sea USVs.
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Tab. 3 Efficiency of Common Energy Transfer Links
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Fig. 7 Microwave Power Density Distribution over Surface
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Fig. 9 Microwave Power Density Distribution over Surface
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