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Abstract: We report 1 Mb/s data transmission using NRZ-OOK signal format in a visible light
communication system. The data signal is independently controlled and transmitted upon PWM
dimming signal. The eye diagram of the received optical signal diagram has been measured and
the technical issues are discussed.

1. Signal format

According to development of illumination LEDs, the application of illumination LEDs to communication system
are proposed and analyzed [1-3]. However, due to limited modulation bandwidth of illumination LEDs, the efforts to
enhance the data rate have been reported [4-6]. Previously, we suggested a signal format for data transmission based
on the PWM dimming for the VLC system [4].

While it provides the illumination control by changing the duty cycle of the PWM signal, the data transmission is
required to a data rare to accommodate a communication service. Now, the modulation bandwidth of illumination
LEDs are not so high, it is natural to utilize the whole PWM period. Also, a simple data format is recommended to
use low-cost electronics for illumination infrastructures. From these points of view, we propose and experiment the
NRZ-OOK signaling, based on PWM dimming control signal.

Other data modulation formats needs higher bandwidth or more complex circuits, for example, RZ-OOK or
subcarrier modulation schemes. In this signaling scheme, NRZ-OOK data is loaded during ‘OFF’ states as well as
‘ON’ states of PWM dimming periods.

2. Experimental setup

The transmitter mixes up the PWM dimming signal and the 1 Mb/s NRZ-OOK pseudorandom binary sequence
(PRBS) data signal. The signal drives an LED through an op-amp to support appropriate signal level. The two
signals are generated independently and synchronized for clear recovery of data from the mixed signal..

The transmitted signal is detected in a receiver module at a distance of 10 cm. The optical receiver is equipped
with a gain selectable transimpedance amplifier, which is set to be a 20 dB gain. No other optical element for
focusing is used.

3. Measurement data and Conclusion

Fig. 1 shows the waveform of the received optical signal and the magnified eye diagram of the part during “ON”
state of PWM dimming. The PWM dimming frequency is 1 kHz and the data rate of NRZ-OOK is 1 Mb/s. Since the
data rate is too high to seem to be dark area. It is shown that if Figs. 1(a) and 1(b) make it possible to transmit NRZ-
OOK signal over PWM at 1 Mb/s

(b)
Fig. 1. (a) Waverform of the signal (duty cycle = 50%). (b) Eye diagram of PWM “ON” state.
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(a) (b)
Fig. 2. Snapshots for different PWM duty cycles. (a) 30 % and (b) 70 %.

Fig. 2 shows the snapshots for different PWM duty cycles of 30 % and 70 %. The dimming control is
independent of the data rate. However, the relative amplitudes must be controlled in relation to each other. To
enhance communication performance, the amplitude of the data signal must be sufficiently high. To enhance
illumination performance with precise dimming control, the amplitude of the data signal must be sufficiently small.

We reported 1 Mb/s data transmission using NRZ-OOK signal format in a visible light communication system. By
controlling the relative amplitude levels of the data signal compared to that of the PWM dimming signal, the total
dimming level can be controlled.
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