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Mechanism of Minimum Frequency Resolution in a Visible Light-
Positioning System

Gong Shubei, Qian Zhikun, Cao Bingyao
Key Laboratory of Specialty Fiber Optics and Optical Access Networks, Shanghai University,
Shanghai 200444, China

Abstract The minimum frequency resolution plays a critical role in ensuring the capacity of visible light-positioning
systems. Lower resolutions can support more available addresses. In this study, the primary factors influencing visible
light imaging, such as the object distance and exposure time of the image sensor, were investigated to expand the system
capacity. Next, a quantitative analysis of the minimum frequency resolution was conducted based on the above factors.
Finally, the minimum frequency resolutions required to accurately achieve light-emitting diode identity (LED-ID) at
different object distances were determined using the mainstream LED-ID recognition algorithm based on the visible light-
positioning system, characterized by the imaging region size and the number of bright stripes. The experimental results
reveal that when the object distances are 50, 100, and 200 cm, the minimum frequency resolutions are 60, 100, and 200
Hz, respectively. With an increase in the object distance, the image detection ability decreases, and the minimum
frequency resolution increases. When the LED-ID recognition rate reaches at least 95% , an appropriate frequency interval
can be selected to efficiently allocate available addresses. When the object distance is 250 cm, the system capacity
increases by 120%. This study provides a valuable reference for selecting frequency intervals in practical application
scenarios.
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Fig. 2 Imaging comparison at different frequencies. (a) 1000 Hz; (b) 1500 Hz; (c) 2000 Hz
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Table 1 Key parameters of experiment

Parameter Value
Resolution of image sensor /pixel 960X720
ISO of image sensor 100
Exposure time of image sensor /s 125
Diameter of LED /cm 17.4
Voltage of LED /V 132
Current of each LED /mA 23
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Fig. 5 Experimental device and system block diagram. (a) Experimental device; (b) system block diagram
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