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Design of Visible Light-Based Internet of Things Terminal
Under Ultralow Illumination Conditions
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Abstract In this study, we investigate the visible light communication technology under ultralow illumination to
satisly the wide coverage and multiconnection requirements associated with the internet of things. A light-emitting
diode (LED) is used to transmit the visible light signals in the infrared protocol format. The calculations denote that
the human eye can not notice flicker when its modulation depth is less than 0.625% . Further, an indoor visible light
communication scene (30 mX2.1 mX2.6 m) is simulated by considering a Lambertian source radiation model; the
signal coverage become 616 m* when a 9.7 W LED illumination lamp with a 20X 12 array is used as the transmitting
device and the modulation depth is 0.46 % . Subsequently, a visible light-based intelligent home system is developed
in the laboratory to estimate the farthest distance at which a remotely controlled robot can respond to the signal with
100% accuracy. The relative error between the experimental results obtained at 14.3 m and the simulation results
obtained at 14 m is 2%.

Key words optical communications; smart home system; dual-mode photoelectric receiver; infrared control system
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Table 1 Simulation parameters
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Parameter Value
Operating current Ix/mA 13
Central luminous intensity I, /cd 1.36
Luminous half angle 0,,,/(") 60
Field of view grov/(*) 90
Detector effective area S /mm® 20
Filter gain G 1
Optical lens gain G, 4

Minimum irradiance at 940 nm E cin /( W e m ) 0.4

Photosensitivity R /(A + W) 0.7
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Table 2 User perception of flicker in indirect viewing

under different ambient light levels %
Modulation depth  Level 1 Level 2 Level 3
1.14 90 80 0
0.46 100 100 100
0.18 100 100 100

Notes: 100% represents that none of the subjects can feel
flicker; 0% represents that all subkects can feel flicker.
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BN BX TR 1 g

Table 3 User perception of flicker in direct viewing

under different ambient light levels %
Modulation depth  Level 1 Level 2 Level 3
1.14 20 0 0
0.46 100 100 90
0.18 100 100 100

Notes: the same as in Table 2.
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Fig. 8 System test diagram. (a) Visible light smart home system based on high-power LED lamp;

(b) visible light control robot
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Table 4 Test results of system

Test Condition Advance (R/W)

Retreat (R/W)

Total (R/W) Accuracy /%

Robot 1 100/0
Visible light test
Robot 2 100/0
Robot 1 100/0
IR test
Robot 2 100/0

100/0 200/0 100
100/0 200/0 100
100/0 200/0 100
100/0 200/0 100

Note: The distance of horizontal visible light test with 100% accuracy is 0 m to 14.3 m; the distance of horizontal IR test with

100% accuracy is 0 m to 13.7 m; R/W represents right or wrong.
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