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Abstract To address the issue of information islands in the visible light communication technology (VL.C) and improve
the communication requirements of the uplink, power line communication (PLC) is used as an effective supplement for the
traditional VL.C and enables connection to the uplink backbone network while supplying power. To assure the efficient
transmission of signals in the two-level channel of the PLC and VLC technology cascade system, central node
demodulation and modulation (CNDM) model based on orthogonal frequency division multiplexing (OFDM) is proposed in
this paper. According to the multipath fading of PLLC and the reflection properties of VLLC, the channel model of the
cascaded system is developed. Combined with the signal characteristics of OFDM and the cascaded system, the
transmission strategy of a direct current biased optical OFDM system appropriate for both PLLC and VLC is devised. To
suppress the cascaded channel interference effectively, a multisegment joint control signal frame structure is designed. The
experimental results show that under the simulation conditions, the cascade system may satisfy the communication
requirements using various modulation schemes with acceptable signal quality, and the low bit error rate can reach 10 ".
Under the real-world measurement conditions, the cascade system can successfully transmit and receive signals reliably,
with an overall minimal bit error rate of 0.
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Table 1 Frame parameters of multi-segment joint control signals

Parameter Value
Data subcarrier Ngp, 48
Pilot subcarrier Ngp 4
Total number of subcarriers Ny 52=48-+4
Channel bandwidth /MHz 20
Subcarrier interval A, /MHz 0.315
IFFT/FFT period Typr /ps 3.2=1/A:
GI duration T, /ps 0.8=Typr/4
Training sequence GI duration T, /ps 1. 6=Tppr/2
Preamble duration Tp,empe /(S 16= Tspon T Tiong
Mark space Ty /s 1. 6=Trpr+ T
Short training sequence duration Ty, /LS 8=10T /4
Long training sequence duration T\, /ps 8=Tn 1+ 2Tt
Symbolic number of OFDM Ngyy 64
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Table 2 Simulation parameters of PLLC channel
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Fig. 6 Frequency response characteristics of PLC channel
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Table 3 Gain simulation parameters of VL.C channel

Parameter Value
Room size /(m>XmXm) 4X4X3
NLOS cutoff frequency /MHz 8.5
Detector physical area of PD /m” 5X107°
Distance between LED and PD /m 2.25
FOV of a receiver PD /() 60
Radiation angle of emitter LED /(°) 70
Average reflectivity of the wall 0.8
LOS channel gain /dBm 5.3X10°*
NLOS channel gain /dBm 1.3%x10°"
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Fig. 7 Frequency response characteristics of VL.C channel
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cascade channel
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Fig. 9 Evaluation of integrated characteristics of cascade systems. (a) Eye diagram and Q factor; (b) eye diagram and minimum BER
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Table 4 Parameters for the hierarchical simulation environment

of the cascaded system

Parameter Value
PLC-VLC system mapping mode ~ QPSK/BPSK/16QAM
PLC-VLC system modulation FFT-OFDM
IFFT/FFT size 64
Number of effective subcarriers 52
Number of cyclic prefixes 16
DC bias coefficient /dB 4
Clipping factor /dB 3
100
F —4#—DCO-OFDM(16QAM)
- 5— DOO-OFDM(QPSK)
{5t i —6— DCO-OFDM(BPSK)
10
o2
@
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SNR /dB
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Fig. 10 OFDM performance of different modulation methods
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Table 5 Parameters of the cascade system

Parameter Value
LED luminous power /W 1
LED bandwidth /MHz <5
APD effective photosensitive area ¢ /pm 500
APD spectral response range /nm 400-1100
Plano convex lens /mm 80
Blue filter /mm 80
Power line length /m 5
Transceiver distance /cm 20
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Fig. 11  Experimental platform of the DCO-OFDM cascade

communication
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Fig. 12 Waveforms of off-line modulation and reception of cascaded systems. (a) Waveform obtained by off-line modulation at the

transmitter; (b) waveform received by the cascaded system
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