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Abstract

This study focuses on the challenges of safety risk control in law enforcement operations. Addressing
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the inherent shortcomings of current capture methods in risk avoidance, efficiency improvement, and
prevention of unnecessary harm, an innovative restraint device is proposed, integrating a mechanical
lever mechanism with a micro gas generator-powered system. The device combines four key compo-
nents: a telescopic positioning handle assembly, a U-shaped trigger sensing device, a V-shaped rotary
flexible clamping unit, and a dual-airbag visual obstruction system. Based on the operational se-
quence of “target capture-mechanical contact-electronic ignition-airbag deployment and lever-clamp
synergy,” it achieves dual effectiveness in close-range flexible restraint and visual obstruction. This
study thoroughly analyzes the overall structural design of the device, the mechanical properties and
kinematic mechanisms of core components, the safety ignition control circuit system, and practical
operation procedures. Experimental data confirm that, owing to its highly integrated construction,
rapid response time (less than 0.2 seconds), non-lethal nature, and anti-misfire mechanism, the de-
vice represents a technical breakthrough in the field of close-range emergency flexible control equip-
ment, significantly enhancing the safety assurance and operational effectiveness of law enforcement
personnel during capture operations in complex scenarios.
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Figure 1. Schematic diagram of capture controller
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Figure 2. Technical system and research framework of capture controller
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Figure 3. Schematic diagram of the execution process of the control unit of the gas triggering mechanism
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Figure 4. Schematic diagram of a single airbag system
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Table 1. Human parameters and mechanism parameters setting for pneumatic clamping mechanism
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Figure 5. Schematic diagram of human mechanics analysis and the principle of leverage
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