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Abstract:  Frequency Division Power Line Communication(FD-PLC) technology effectively addresses the communi-
cation reliability and networking efficiency issues caused by the complex power line channel environment in local Industrial
Internet of Things(IloT) communication networks, owing to its flexible multi-band communication capability and efficient
preamble-based contention access mechanism. However, existing hardware implementations of FD-PLC nodes suffer from
high resource consumption and power dissipation, making them difficult to meet the practical requirements of low-cost and
low-power IIoT communication nodes. To address this problem, this paper proposes a multi-frequency synchronization sys-
tem based on dynamic band detection, which reconstructs the conventional multi-channel parallel detection architecture into
an implementation combining real-time spectrum sensing and single-channel synchronization detection, thereby reducing
hardware implementation complexity while maintaining nearly unchanged synchronization performance. The proposed sys-
tem employs a pipelined Fast Fourier Transform(FFT) to achieve real-time power spectrum analysis. By performing a nor-
malized division operation between the signal power spectrum and the background noise spectrum, the normalized accumu-
lated power within each frequency band is calculated to realize dynamic blind detection of the signal band. Frame synchroni-

zation is then accomplished through an improved timing mechanism and a peak search algorithm. Simulation models are es-
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tablished under typical power line multipath channels as well as background noise, impulsive noise, and narrowband inter-
ference conditions. Measured power line noise is further introduced to validate the system performance, and comparisons
are conducted with the conventional eight-channel parallel detection architecture for FD-PLC. The results show that, under
high signal-to-noise ratio(SNR) conditions, the synchronization performance of the proposed system is basically consistent
with that of the conventional scheme. Under low-SNR and various non-stationary noise conditions, the synchronization per-
formance degradation is no more than 1 dB, the false alarm performance remains highly consistent with that of the conven-
tional parallel architecture, and the proposed system exhibits good robustness under both narrowband interference and mea-
sured noise conditions. Complexity analysis shows that, with only about 3.43% additional bandwidth overhead, the pro-
posed scheme reduces the numbers of real additions and real multiplications in the continuous monitoring stage by about
54% and 57%, respectively, and reduces those in the capture stage by about 23% and 28%, respectively. Furthermore, the
proposed system is implemented on an Altera Cyclone IV E Field-Programmable Gate Array(FPGA) platform. Comprehen-
sive results indicate that, compared with the conventional eight-channel parallel detection scheme, the proposed system re-
duces total logic element usage by about 72%, combinational logic functions by about 73%, dedicated logic registers by
about 75%, embedded 9-bit multipliers by about 62%, and total power consumption by about 40%. The results demonstrate
that the proposed system achieves an effective balance among synchronization performance, computational complexity, and

hardware resource consumption, making it suitable for large-scale, low-cost, and low-power deployment of FD-PLC com-

munication nodes in IIoT scenarios.
Keywords:
frequency detection; FPGA
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Figure 13 Hardware architecture of the proposed multi-frequency synchronization system
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Table 5 Hardware resource utilization and power consumption of the two systems
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Figure 14  Time-domain waveforms and spectra of measured power line

noise in two scenarios
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noise
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