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LED Layout Optimization and Performance Analysis of Indoor Visible
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Abstract The traditional LED layout has the problem of uneven illumination in indoor visible light communication
(VLC) system, which brings blind effect with communication. To solve these problems, we propose a light source
LED optimization scheme that considers wall reflections and analyze LED layout by using the mean square error of
illumination as evaluation criterion. Then, the expressions of received illumination and power are deduced by
integrating, which are used to build optimization model function F ([, x, y) of rectangular layout and optimization
model function F(r, x, y) of circular layout. The relationships between the mean square error of illumination and
the room size, and between the optimal layout and field of view ¢y are researched based on optimization model
function. It is clear from the results that the F(/, x, y) can reach the minimum value when /=1.6 m and ¢rov =
80°, and the illumination uniformity is increased from 80.5% of traditional layout to 84.3%; the F(r, x,y) could
also obtain the minimum value when » =2 m and ¢rov = 80°, and the illumination uniformity is increased from
85.2% to 89.2% with the increase of the number of LED.

Key words optical communications; indoor; visible light communication; mean square error of illumination; light
emitting diodes; rectangular layout; circular layout
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Table 1 Simulation parameters
Parameter Value
Electron charge ¢ /(107" C) 1.6
Dark current I, /mA 0.62
Channel noise factor I' 1.5
Detector responsivity ¢ /(AW 1) 0.4
Boltzmann's constant & /10 % 1.38
Equivalent noise bandwidth B /MHz 400
Noise bandwidth factors £, » £ £, =0.562.%, —0.0868
Open-loop voltage gain G 10
Absolute temperature T /K 295
Transconductance g, /(mes ') 30
Bandwidth of the optical filter AA /nm 400 (from 380 to 780)
Background spectral irradiance E,, /(10°° Weem “enm ") 5.8
Fixed capacitance of photo detector 5 /(pFecm™") 112
Transmitted optical power Py /W 4 and 8
Half intensity angle ¢/, /(%) 70
Central luminous intensity I(0) /cd 0.73

Reflectivity of walls p
Field of view ¢rov /(%)
Detector effective area S /em?®

Filter gain G

0.8 for white concrete wall;0.3 for normal floor
80
1
1
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Fig. 3 Illumination distributions of traditional layout. (a) MATLAB; (b) TracePro
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