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Abstract

To address the limitations of single-modal hand motion perception systems, this paper designs a
lightweight, wireless multimodal sensing system and applies it to robotic arm teleoperation. The
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system consists of a flexible data glove integrated with bend and pressure sensors, and an eight-chan-
nel forearm EMG wristband. A dual-Bluetooth architecture enables sub-millisecond synchronous ac-
quisition of kinematic and physiological data. In the teleoperation framework, the wristband’s IMU
estimates forearm posture to control the robotic arm’s spatial position, while gesture recognition
from the data glove drives the dexterous hand for grasping. Experiments show a 100% success rate
in grasping tasks and a response latency of about 120 ms in dynamic interactions, validating the
system’s reliability and real-time performance. This work offers a lightweight, highly integrated so-
lution for natural human-robot interaction.
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Figure 1. Multimodal sensing system
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Figure 2. Data glove
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Figure 3. SEMG wristband
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Figure 5. Flow chart of lower computer acquisition
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Figure 6. Dual-Stream CNN-LSTM network with attention-based fusion
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Figure 7. Confusion matrix
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Figure 8. Distribution of online recognition accuracy across subjects
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Figure 9. Robotic end-effector: the 6-DOF manipulator and five-fingered dexterous hand
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Figure 10. Key collaborative steps in teleoperated grasping. (a) Gesture control preparation; (b) Manual object transfer; (c)
Gesture-triggered stable grasping of the dexterous hand
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Table 1. Comparison of technical schemes for different teleoperation perception systems
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