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Design and implementation of high precision laser self-focusing control system
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Abstract: In laser ranging scenarios involving non-cooperative targets, the complex and diverse surface characteris-
tics of these targets often result in low reflectivity and scattering of reflected light in various directions. Consequently, the
optical energy returning to the measurement system is weak. To effectively collect the return optical energy and achieve
precise focusing of the laser spot under such conditions, a high-precision laser zoom optical-mechanical system and auto-
focusing control system have been designed. The optical structure of the system is optimized by incorporating a combina-
tion of collimating lens group, front lens group, movable lens group, rear lens group, and compensating lens group. This
design ensures efficient beam focusing and maximizes energy, thereby enhancing the signal-to-noise ratio and stability
across different ranging distances. Additionally, the focusing consistency of the system is improved by optimizing optical
axis stability and mechanical structure layout. In terms of control methodology, an image recognition-based auto-focusing
strategy is introduced. A high-resolution camera captures real-time images of the target laser spot. Image processing tech-

niques are employed to extract key features such as spot diameter, shape, and clarity. These features are used to dynami-
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cally calculate optimal focal length adjustment parameters, enabling automatic closed-loop focusing via a stepper motor.

Experimental results indicate that the system has a light spot centroid offset of no more than 65 pm within a working dis-

tance of 0.5 ~ 30 m, which meets the design requirements and can effectively achieve spot focusing.

Key words: non-cooperative target; variable focus optical machinery; self-focusing control algorithm
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Fig.1  Optical schematic of laser zoom lens
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Fig.2 Zoom curve of optical-mechanical system
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Fig.3 Structural design of optical-mechanical system
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Tab.2  Core components list of self-focusing control system
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Fig.5 Simulation results of focused diffuse spots in the 635 nm band at different measurement distances
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Fig.6  Characteristics of 635 nm laser spot in defocused state
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Tab.6  Laser spot parameters in different states
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