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Fig. 1. Block diagram of the multi-spectra WDM-VLC system.
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Fig. 2. (color online) The experiment results of equiv-
alent optical power characteristics: (a) Equivalent DC

optical power; (b) equivalent AC optical power.
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Fig. 3. (color online) Channel crosstalk generate be-
cause of overlapping spectra for two channels (A\i and
A\j are peak wavelengths of sub-channel ¢ and sub-
channel j, respectively. B represents the FWHM
of the filter. The channel-spacing between two sub-

channels is Dz, 7).
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Fig. 4. (color online) Experimental spectra of LEDs

and the simulations of Gaussian model.
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Fig. 6. (color online) Crosstalk versus channel-spacing when ¢ = 0, ¢ = 0: (a) Crosstalk from right channel;

(b) crosstalk from left channel.
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Fig. 7. Diagram of crosstalk testing.
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Table 2. Parameters of experiment.

B Hfl
LED WA 3K 635 nm/620 nm/596 nm
LED RotfEsFA 60°
{5 WAl AEIVY3 S 634.9 nm/595.8 nm
JEE OB & 55.0% /49.4%
YEG P 0 5 8.4 nm/8.2 nm
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RSP ity 8 HR A 50 cm
LED [a]k% 4 mm
B 8 51 H P SIS R G

el PR/ WA ML Eji s SUR L Sk Ear - B ]
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Fig. 8. (color online) The real system of crosstalk testing.
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Table 3. Experiment results of crosstalk testing.
FoEE T REE {Z 18 FIBE /nm SEES & R /dB R R /dB
635 nm 634.9 nm 620 nm 15 —10.02 —7.82
596 nm 39 —44.32 —47.45
596 nm 595.8 nm 620 nm 24 —21.61 —19.83
635 nm 39 —35.72 —41.22
(b)
I ! 1
ICRcAGI
[Bas=m \ TR
LN S

©
| | ! 'fl::jf"fnla
[ Cr— 74
e AT

EﬁﬂL{nlﬁ
1620 nm

9 fFiE A A R
SiE1E

(a) 1551538 635 nm, 1538
596 nm, {FIEAFE 24 nm; (d) 551518 596 nm, {FiEFIE 39 nm
(a) Signal channel of 635 nm with channel-

Fig. 9. The experimental results of crosstalk measurements:

(% 15 nm; (b) 5 5(51E

635 nm, {Z1E[AFF 39 nm; (c) 13

spacing 15 nm; (b) signal channel of 635 nm with channel-spacing 39 nm; (c) signal channel of 596 nm with

channel-spacing 24 nm; (d) signal channel of 596 nm with channel-spacing 39 nm.
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Abstract

In visible light communication, the wavelength division mutiplexing (WDM) technology can improve system data
rate by increasing the number of channels. However, because the emission spectrum of the light emitting diode (LED) has
a certain width, a phenomenon of spectral overlapping will occur when the number of channels increases and channel-
spacing decreases, which results in channel crosstalk although optical filters are adopted. The channel crosstalk will
restrict the capacity of WDM-VLC (visible light communication) system, which has great research significance. In this
paper, the channel crosstalk based on LED spectra overapping is disscussed. The LED emission spectrum is modeled by
combining the physical mechanism of LED emission with real shape of LED spectrum. According to the literature, the
LED shape can be fitted greatly by Gauss function, and the full-width at half-maximum AF is in a range from about
4.3ksT; to 6.8ksT; when the peak wavelengths of InGaN and AllnGaN LEDs are both less than 560 nm, AE values
range from 2.1kg7T; to 3.3kg7T; when the peak wavelength of InAlGaP LED is larger than 560 nm. In order to reduce the
overall system complexity we use the following values: when the peak wavelength is less than 560 nm, AE = 5.5ksT};
when the peak wavelength is larger than 560 nm, AFE = 3.0kgT};. Then, according to the overlapping spectra and VLC
channel with considering optical filter transmittance and detector spectral response, the channel crosstalk formula is
derived. Some quantities are given before simulation such as the semi-angle at half illuminance of an LED is 60°; all
LEDs are so closely arranged together to mix light in free space that spacing between LEDs can be ignored with respect
to the propagating distance; the strongest signal situation is considered. The simulation result shows that although at
the same channel spacing, different channels have different crosstalks because spectra are different. And the crosstalk
from one adjacent channel will not exceed —13.6 dB when channel-spacing is larger than and equal to 28 nm, which
means that when OOK modulation is used and the BER achieve 107%, the channel-spacing should not be less than
28 nm. Finally, an experiment of channel crosstalk with using two-channel WDM VLC system and LEDs with different
wavelengths is conducted and the correctness of the crosstalk analysis is verified. The colors of red (635 nm), red-orange
(620 nm) and amber (596 nm) LEDs are used and two of them are used each time. Two sine signals with different
frequencies are launched by AWGs (Agilent 33250A) and through amplifiers and Bias-Tees, drive two LEDs. The signal
analyzer (Agilent N9020A) is used to observe the signal power. The experimental results of channle crosstalk are close
to theoretical results. The analysis of channel crosstalk in muliti-channel WDM-VLC system will give some guidance in

increasing the number of channels for optical communication in the future.

Keywords: visible light communication, wavelength division mutiplexing, spectra overlap, channel

crosstalk
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