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Abstract With the rapid development of the Internet of Things, smart devices require high-precision, real-time location
services. However, only two-dimensional positioning can be achieved in existing visible light positioning technologies;
furthermore, the system is complex and has a low positioning accuracy and extended positioning time. To address these
issues, this study proposes a visible light three-dimensional positioning system based on two light-emitting diodes (LEDs)
and image sensors. First, a simulation model is established by combining the pinhole imaging model and the distortion
model. Next, a stripe search algorithm based on bisection and a double pointer is proposed to rapidly determine the
position of the LED on the image. Finally, the geometric features of the LEDs on the image are used to achieve three-
dimensional positioning. After calculations, in a 100 cm X100 cm X300 cm space, the average positioning error of the
simulation experiment is 0. 79 cm, and the average positioning error of the physical experiment is 5. 61 cm. The average
positioning time is 64. 13 ms. In addition, the time performance of the proposed stripe search algorithm is improved by
70. 06 % compared with that of the linear stripe search algorithm. Therefore, the proposed system can provide a good
three-dimensional positioning service.
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Table 1 Parameters of experiments
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Model DELIXISIRT-TD251
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Diameter /cm 18

Image sensor

Model OmniVision OV 2640
Image size /pixel 1600 < 1200
Focal length /mm 3.6
Sensor size /mm 6.35
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Fig. 5 Three-dimensional distributions of real coordinates and calculated coordinates of positioning points in simulation experiments.
(a) Whole positioning points; (b) height is 0; (¢) height is 50 ¢m; (d) height is 100 cm
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Fig. 8 Experimental environment and equipment. (a) Experimental environment; (b) LED; (¢) positioning device; (d) retractable poles
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Fig. 9 Three-dimensional distributions of real coordinates and calculated coordinates of positioning points in physical experiments
(a) Whole positioning points; (b) height is 0; (¢) height is 50 ¢m; (d) height is 100 cm
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Fig. 10 Positioning error distribution maps at different heights. (a) Height is 0; (b) height is 50 cm; (c) height is 100 cm
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Fig. 12 Stripe searching time of different algorithms
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Table 2 Stripe search time and comparative analysis of different algorithms
) o Height /cm Area
Stripe searching time All - -
0 50 100 Left Middle Right

Bisection /ps 638.92 525.05 631.00 760.71 621.00 642.19 653. 57
Linear /ps 2134.35 1989. 24 2097.10 2316.71 2154. 33 2129.43 2119.29
Improved in percentage /% 70. 06 73.61 69.91 67.16 71.17 69. 84 69.16
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