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Visible light vehicle lamp signal transmission control device
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Abstract: To address the needs of the Internet of Vehicles, a plug and play visible light signal transmis-
sion control device was designed for a vehicle lamp. In this device, the signal was first transmitted to a
light-emitting diode (LED) driver via the DC power line and output as flashes of the vehicle LED lamp.
The device was composed of a front-end circuit and a back-end circuit. The power switching was con-
trolled by a high-speed on-off circuit in the front-end circuit based on the received input signal. The signal
in the DC power line was then transmitted to the back-end circuit. Based on the signal, the VLC signal
was sent by driving the flashing LED lamp. A capacitor was selected as the energy storage module after
charge - discharge analysis. The communication between the front-end and back-end circuitry was
achieved with 2-frequency shift keying (FSK) modulation and Modbus protocol. The device tests showed
that the signal could be transmitted over the DC power line at minimum speeds of 4 Mb/s. The design and

testing of the VLC parking lock control module also proved the feasibility of the communication and control
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functions. Thus, the proposed device could be a reference design for DC power line communication for an

LED VLC system.

Key words: direct current power line communication; visible light communication; LED communica-

tion; vehicle to device communication; internet of vehicle
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Fig.3 Signal transmission scheme
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Tab.1 Charge-discharge test of capacitor (Unit: V)

1/ 33 pF 150 pF 330 pF 2200 pF
MHz V,, D. V, D. V, D. V, D,
0.1 10.8 0.55 10.6 0.58 11.9 0.54 10.8 0.56
0.2 11.0 0.60 11.4 0.62 12.3 0.59 11.0 0.62
0.5 12.2 0.71 11.4 0.73 11.8 0.7 11.6 0.71
0.1 11.2 0.74 11.4 0.72 11.7 0.72 11.4 0.72
1.5 10.0 0.71 9.4 0.68 10.5 0.69 9.2 0.72
1.8 8.8 0.73 8.6 0.69 10.1 0.71 8.2 0.73
2 8.6 0.73 86 0.69 10.1 0.71 8.2 0.73
2.5 8.2 0.76 7.8 0.75 9.2 0.74 8.0 0.74
3 7.8 0.78 7.8 0.76 8.7 0.77 7.0 0.78
3.5 7.8 0.82 7.8 0.81 7.9 0.81 8.2 0.84
4 7.8 0.84 7.8 0.84 7.9 0.84 8.2 0.84
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Fig.5 Test waveform of 33 pF capacitor
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Tab.2 Charge-discharge test of inductor

RURME/pH MR/ Hz V,,/V 1775 6 D,

1K 120 m 0.51
470 500 K 420 m 0. 50
1M 440 m 0.12
1M 1K 4.6 m 0.51

(2) 470 pH 1 KHZA e
(a) Waveform of 470 puH inductor in 1 KHz

(b) 470 pHK 1 KHZAFZ P
(b) Waveform of 470 pH inductor in 1 MHz

(¢) 1 MHfit]1 KHZSFZ Y% 7
(c) Waveform of 1MH inductor in 1 KHz
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Fig. 6 Charge-discharge test of inductor
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2 UG EET o
Ry EE s - Vi - WAL
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Fig. 7 Effect of capacitor in high speed
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Fig. 8 Device delay in 200 K or 400 KHz on-off frequency
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Fig. 10 Counting test of the receive pulse
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Fig. 11 VLC parking lock control module
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