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Abstract: In order to theoretically reveal the effects of signal-to-noise ratio and the required bit
error rate level on limit communication rate of a discrete multi-tone data-link, in this paper, the
electro-optical transfer function of the transmitter, the optical-electro transfer function of the
receiver and the total transfer function of generalized visible light communication channel were
analyzed. Mathematical modeling of discrete multi-tonevisible light communication system was
finally established by sufficiently considering the time- and frequency-domain responses of visible
light communication channel. Fomulative relations of limit communication rate versus signal-to-
noise ratio and bit error rate level were derived. Analytical results show that, under definite
signal-to-noise ratio, the limit communication rate reveals double-exponential increasing relation
with bit error rate level; under definite bit error rate level, the limit communication rate reveals
Boltzmann variation trend versus signal-to-noise ratio. With the universal white light emitting
diode and PIN detector, when the signal-to-noise is 25 dB, the limit communication rate is within
the range of 200~228 Mbps for requiring a bit error rate of <10 *, which shows good agreement
with the reported experimental results (202~231 Mbps). The novel thereotical analysis method
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and mathematical modelling proposed in this paper can also be adopted to evaluate the limit

communication rate of any discrete multi-tonevisible light communication system, and therefore

they are efficient in system parameter optimization and component selection during the design of

such kind of systems.

Key words: Wireless communication; Discrete multi-tone; Visible light communication; Limit

communication rate; Signal-to-noise ratio
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Table 1 Parameters list in system modeling

Parameters Value

Selected wavelength A, /nm 550

LED normalized spectrum (@550 nm) 0.75
LED's luminous efficiency related 6 06

parameter Kgo (@25C)/(lm+ V1)
LED half-value angle ¢/, /(*) 55

Optical filter gain 1
Sensing area diameter of the detector d/mm 2
Detector responsiveness R((@550 nm)/ )
(AW 099
Amplifying gain KR, /kQ 1
Communication distance L/m 1
Modulation M-QAM
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Fig. 2 Experimental results of normalized amplitude

response of VLC channel before post-equalization
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response of VLC channel with post-equalization
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Table 2 Comparison between the calculation results of this

paper and the experimental results in Ref. [10]

Experimental Theory
(Ref. [10]) (this paper)
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CR/Mbps 202~231 200~228
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