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Abstract: This paper proposes a system design for integrated sensing, communication, and power
transfer (ISCPT) which jointly addresses communication requirements, mobile energy device (MED)
tracking, and energy replenishment. The proposed system enables a base station to simultaneously
perform three functions: data communication, wireless power transfer, and sensing-based tracking.
Specifically, the base station leverages downlink signals for simultaneous wireless power transfer, and
efficient data communication, while employing their echoes to localize the MED. An iterative target
tracking algorithm is developed, where the real-time posterior tracking error serves as a metric for
sensing accuracy. An optimization problem is formulated to maximize real-time energy replenishment
efficiency, subject to constraints on communication signal-to-noise ratio(SNR) and sensing error. The
joint beamforming problem for communication, sensing, and power transfer, initially formulated as a
non-convex optimization problem, is transformed into a convex one via semidefinite relaxation and the
introduction of auxiliary variables. Simulation results demonstrate that the proposed algorithm
significantly improves the system’s energy harvesting efficiency by jointly optimizing communication

and power transfer beamforming. Furthermore, the sensing information is effectively leveraged to

*

E3dioiEd

Y EER: 2025-02-04 XAHBH: 2025-03-14 MEHEEZHE: 2025-05-21
ESWH: EEEAVEILI(2024YFE0107900); FE% A AR F 4 (62222105) 5

JTIRA FLARBRA 4 (2024A1515010235) AT
TEERA: HAO9864E4), J; HRAME: MM —Afk; E-mail: ccjtang@scut.edu.cn ZR20250020

DOI:10. 13471/j. cnki. acta. snus. ZR20250020



5 4 1]

JEAS, A5 HESIASYIREGETE | BN SRRk 23

optimize both power transfer and communication links, thereby achieving the integrated fusion of

communication, sensing, and energy replenishment.

Key words: integrated sensing, communication and power transfer; simultaneous wireless information

and power transfer; 6G; beamforming
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Fig. 3 Real-time tracking mean square error (MSE)
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