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Origami-based dielectric liquid sensing for environment recognition in
bioinspired flapping wings
Tan Jingyu'’, Huang Xiuchang"“*

(1. State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, Shanghai
200240;2. Institute of Vibration Shock & Noise, Shanghai Jiao Tong University, Shanghai 200240, China)
Abstract: To address the challenges of low integration in sensing systems and the difficulties in acquiring high-
sensitivity signals for bio-inspired flapping-wing aerial vehicles in complex sensing tasks, this study proposes a
coordinated approach of “origami encoding-dielectric liquid sensing-neural-network decoding” and constructs an
intelligent sensing system based on Peano-HASEL and an origami substrate. The system encodes aerodynamic
and collision loads into local deformations through the origami structure, which are then converted into
capacitance signals by the Peano-HASEL units, and further processed via a one-dimensional convolutional neural
network (1D-CNN) for feature extraction and recognition. The results show that the system achieves recognition
accuracies of 98.15%, 98.38%, and 100% for 8 wind directions, 6 pitch-angle states, and 7 wind-speed levels,
respectively. In collision experiments, the classification accuracy for 7 types of obstacles reaches 97.96%, and the
accuracy for collision-location identification attains 98.21%. The study demonstrates that the proposed sensing
mechanism exhibits high sensitivity and multi-modal signal-decoding capability, providing a key technological

foundation for environmental perception and autonomous adaptation in flapping-wing aerial vehicles.
Keywords: bioinspired flapping wings; origami structure; proprioception; Peano-HASEL; convolutional neural
network (CNN)
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Fig.9 Opbstacle recognition experimental setup
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Fig.10 Obstacle recognition experimental results
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Fig.11 Collision location identification experiment
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