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Lu Chenzhi, Qian Ruichen, Zhu Kewei, Li Xinyu, Gao Jinyang”

(State Key Laboratory of Extreme Environment Optoelectronic Dynamic Measurement Technology and Instrument,
North University of China, Taiyuan 030051, China)

Abstract: A wireless power transfer system is designed to address energy supply challenges in capsule
endoscopy. Biological safety is ensured by incorporating specific absorption rate (SAR) and retained power
as dual constraints. On the transmitter side, a one-dimensional Helmholtz coil with a diameter of 20 cm was
designed. Through theoretical calculation and simulation analysis, the design parameters were optimized under
the SAR constraints. A full-bridge inverter circuit was employed to drive the coil at 218 kHz, ultimately
achieving stable excitation of a highly uniform magnetic field. On the receiver side, a three-dimensional
orthogonal coil structure measuring ®10. 14 mm><15. 2 mm was designed. With the goal of maximizing received
power, its design parameters were optimized under the power deposition constraints. Furthermore, the induced
electromotive force was regulated through rectification and voltage stabilization stages, thereby maximizing the
received power. Experimental validation confirms the system safely sustains 450 mW LED illumination or
drives dual micro-motors (20.41 mN-m torque, 40 r/min) while maintaining SAR compliance. The proposed

system offers a reliable technical framework for wireless energy transfer in capsule endoscopic applications.
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Fig. 1 Equivalent circuit diagram of system
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Tab.1 High precision human body model parameters

Y41 /m F&/m /m AR/ m?
PN 0.149 0.161 0.103 0.011 3
LE 0.086 0.078 0.103 0.002 7
Bk 0.147 0.041 0.066 0.001 1
PN 0.206 0.126 0.249 0.0037
S 0.161 0.112 0.114 0.004 3

i 0.045 0.077 0.093 0.001 2
= 0.096 0.058 0.094 0.001 9
it 0.264 0.184 0.244 0.0109
JER 0.098 0.031 0.045 0.000 3
K+ 1.601 0.028 1.705 0.0705

F2 ANEALBSEH (@218 kHz)

Tab.2 SAR simulation results under varying transmitter coil
drive currents (@218 kHz)

YA A REEY (Fom ) B53/(Sm ) BT/ (grem )

PN 2200 0.162 1.046
N 5 660 0.242 1.081
B 5210 0.191 1.049
K 3070 0.256 1.088
JF 4 940 0.109 1.079

i 3390 0.130 1.089

" 2420 0.541 1.088

Jiti 1580 0.114 0.394
JHRE 2760 0.544 1.087
WL 6150 0.388 1.090
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e RAE A

#3 AEEIFEFRTHSARFELER (@218 kHz)

Tab.3 SAR simulation results under varying transmitter coil
drive currents (@218 kHz)
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Fig. 4 SAR simulation in human body models
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Tab. 4 Design parameters of transmitting coil
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Fig.7 Driver circuit design diagram
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Tab.5 Design parameters of solid-core 3D receiver coil

. Lk . 2k el E GRS
B e mm TR /0
218 a 0.15 115 0.456 6.89
218 b 0.15 115 0.456 7.86
2 ¢ 0.15 81 0.456 5.50

E 10 3DRC3E#
Fig. 10 Prototypes of 3DRC
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Fig. 11 Prototypes of power management module
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