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Abstract: Wireless capsule endoscopes provide a noninvasive approach for intestinal examination but re-
main limited by the absence of active mobility. To address this constraint, a capsule robotic endoscope
based on an active motion platform was developed. A helical drive mechanism was designed to enable ver-
satile locomotion through control of the rotational speed and direction of the helical drive unit. To accom-
modate this mechanical configuration, dual-ended receiving coils were designed, and the electrical parame-
ters of coils with different topological structures were derived through theoretical analysis and mathematical

modeling. The performance of the proposed coil topologies was subsequently assessed by simulation and
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validated through experimental testing. The results demonstrate that a rectifier-followed-by-series topolo-

gy provides high stability for the dual-ended receiving coil, achieving a power transfer efficiency of 2. 75%

at 981 mW induced power. Pipeline experiments further confirm that the wireless power transfer system

satisfies the power demands required for capsule endoscope robot locomotion and control.

Key words: capsule robots; endoscope; wireless power transfer; helical drive motion mechanism; dual-

end receiving coil; wireless power transfer efficiency
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Fig. 1 Overall mechanical structure of screw-driven CRE
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Tab.1 Optimized parameters of thread structure

loEng e AL E
WIS f/mm 0.72
5% w/mm 1.2
% h/mm 0.68
YR fR 0/ (°) 45
42 r/mm 3.5
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Fig.4 Different receiving circuit topologies
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Tab.2 Coil structural parameters
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Fig. 5 Simplified distribution of coaxial circular coil
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Tab.3 Calculation results of coil electrical parameters

L/mH L/yH M_/pH M,_/pH  k_, k.,

3.83 260 2.094 1.208 0.003 0.01
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Fig. 6 Simulation analysis circuit
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Tab.4 Simulation results for different topologies
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Fig.7 Experimental platform of WPT system
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Tab.5 Electrical parameters of coils at 50 kHz
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