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A liquid-lens-controlled method for variable structured-light projection

Gan Zihao,Hong Huajie, Liu Zhaoyang,Zhang Meng,Lyu Jianming
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract ; To address the capability bottlenecks of multi-line structured light caused by fixed line spacing angle and narrow depth of field,
this paper proposes a novel multi-line structured light projection system regulated by liquid lenses and develops a method for adjusting the
characteristic parameters of light stripes. Firstly, based on the given system design configuration, a structured light projection parameter
model based on dual liquid lenses is established, and a bi-level optimization method for solving structural parameters is formed by
combining nonlinear programming and genetic algorithm. Then, to adjust the structured light stripes under varying projection distance, a
control strategy for the liquid lens is provided, and a neural network structure is proposed to model the mapping from system parameters
to line spacing angles. Finally, a physical prototype of a liquid-lens-controlled variable structured-light projection system is constructed,
and a series of experiments are designed and conducted to evaluate system performance and verify the effectiveness of the proposed
method. Compared with traditional schemes, this method has the ability to substantially extend the effective projection distance of multi-
line structured light (keep the linewidth of light stripes within 1. 25 mm). By coordinately regulating the input currents of the dual liquid
lenses (without moving components during operation. The system is able to generate dynamically adjustable structured-light fringes with
inter-line spacing angles ranging from 0.537° to 0.986°, achieving an angular magnification of up to 1.836. Based on the dataset
obtained through calibration, a mapping network model is constructed to relate the dual liquid-lens parameters to the inter-line spacing
angle. Experimental evaluation shows that the model achieves an average prediction error of 1.07% for the inter-line spacing angle.
These results demonstrate that the proposed system and method can flexibly adjust the density of multi-line structured-light fringes

according to factors such as the target’s size and position, while strictly controlling the stripe linewidth. The proposed approach provides
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a new technical pathway for enhancing the detection performance of multi-line structured-light systems.

Keywords : liquid lenses; structured light; the linewidth of light stripes; line spacing angle; neural network
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Fig. 1 The composition of a non-displacement variable

structured light projection system
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Fig. 9  Multi-line structured light images generated based on different adjustment parameters of liquid lens
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Table 2 Real and predicted values of line spacing angle under different adjustment parameters
oy WAL W AE L WARB LI 2 AT B 1Y) 2 B I £ BE 1Y T
7 HLI/mA EIE/C SesE /D B/ (%) BN/ (°) %%
WM IBSE 1. -249.36 WARIESE 1. 29.25 WM BBE 1. -12.030
1 0.542 0.537 0.92
W iEss 2. 228.98 W ARIEEE 2. 28. 00 WkiBes 2. 11.589
WARBE 1. -115.13 WARIESE 1. 28.00 WARER 1. -5. 466
2 0.611 0. 621 1. 64
WMIEsE 2. 122.21 W ARIESE 2. 27. 50 WBSE 2. 6.262
WikESE 1. 10.01 W ARIESE 1. 25.50 WARSER 1. 0.561
3 ) _ ) 0.763 0.774 1.44
WARBEE 2. -20. 60 WA 2 25. 00 WARBHE 2. -0.991
WRBE 1, 70.37 AR 1. 25.50 WARBE 1, 3.553
4 0.815 0.819 0.49
Wt iBeE 2. -81.67 W ARIESS 2. 25. 50 WM BEE 2. —-3.982
WARBESE 1. 151.03 WAKESE 1. 28.25 WS 1. 7.743
5 0.917 0.928 1.20
TWRESE 2. -191. 01 WRBHE 2. 29. 00 WARBE 2. -9.156
WiESE 1. 178.85 W ARIESE 1. 28.50 WBsE 1. 9.139
6 0.979 0. 986 0.72
WARBEE 2. —249. 36 WARBHE 2. 29. 00 WS 2, —12.048
arms [ J]. IEEE Transactions on Emerging Topics in
4 Z5 i@ Computational Intelligence, 2022, 6(6) : 1345-1356.
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