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Abstract: —There are a lot of noises in the low-

voltage power line communication (LVPLC) channel, 

which seriously damages the LVPLC system. The noise 

in the low voltage power line can be divided into 

general background noise and random pulse noise. 

These two noises will cause serious interference to the 

communication process based on LVPLC, reduce the 

signal-to-noise ratio of LVPLC system, and the 

communication quality cannot meet the requirements. 

To ensure the communication quality, this paper uses 

the time-frequency peak filtering algorithm to 

eliminate the noise in the LVPLC in the experimental 

environment. Firstly, this paper studies the noise 

characteristics based on the measured LVPLC channel 

noise. Secondly, the memory noise model is established, 

and the time-frequency peak filtering algorithm is used 

to eliminate the noise. In order to analyze the denoising 

effect of time-frequency peak filtering algorithm, the 

algorithm is simulated. Finally, the application effect of 

the algorithm is verified by experimental test. The 

simulation and application results show that the time-

frequency peak filtering algorithm can improve the 

signal-to-noise ratio by about 5 dB in the actual noise 

environment of LVPLC, which can adapt to the 

changeable environment of LVPLC channel noise, and 

has good noise suppression effect and good application 

value. The application in the solar panel data 

transmission system shows that the time-frequency 

peak filtering algorithm can meet the communication 

performance requirements of the laboratory, reduce 

the bit error rate by about 2 % under the general 

background noise interference, and reduce the bit error 

rate by about 3 % under the pulse interference 

environment, and improve the transmission quality of 

LVPLC system. 

Keywords—noise elimination; time-frequency peak 

filtering; noise model; finite memory; LVPLC. 

I. INTRODUCTION 

ow-voltage power line communication(LVPLC) 
technology is a communication technology that relies 
on the power transmission line as the transmission 

medium to achieve data exchange [1]. It has the advantages 
of wide technical coverage, strong transmission capacity, 
low cost and high return. It is the key link to solve 
broadband transmission and realize the intervention of 
Ubiquitous Internet of Things, and has an irreplaceable 
position in the power grid construction[2]. In recent years, 
the LVPLC system has developed rapidly. Thirteen 
companies such as CISICO, Inter and HP in North America 
have established HomePlug Powerline Alliance, which 
mainly studies the field of home networking. Since 2001, 
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HPA has released a series of communication standards 
such as HomePlug 1.0, HomePlug 1.0 Turbo, HomePlug 
AV and HomePlug AV2[3].  IEEE P1901 was established 
to promote the formulation of unified standards for 
broadband power line carrier communication technology. 
By studying the integration of HomPlug series standards 
and advanced data link control technology, IEEE 1901.2 
standard was introduced to further improve the standard 
system[4]. Although the LVPLC system has developed 
rapidly and formulated a series of standards, how to use the 
low-voltage power line carrier communication technology 
to achieve reliable power line communication is still an 
important goal for technical personnel[5-6]. In order to 
improve the communication quality of low voltage power 
line communication system, scholars from various 
countries have studied the noise of low voltage power line 
channel[7]. At present, the research of low voltage power 
line communication channel noise is mainly concentrated 
in the following two aspects: Firstly, the noise 
characteristics of low voltage power line communication 
system are studied[8], and the influence of noise on power 
line communication system is studied by noise model[9].  
research on noise elimination method of low voltage power 
line communication signal[10]. Although the study of 
LVPLC system noise is helpful to improve the quality of 
LVPLC, when the signal is submerged in a large number 
of noises, it will lead to low signal-to-noise ratio of  
LVPLC system quality of communication system[11-12]. 
Therefore, it is very important to study the noise 
elimination technology low SNR. 

The SNR of LVPLC system is low, so noise cancellation 
and signal enhancement should be used in LVPLC system.  
In fact, in low voltage power line communication system, 
medium voltage power line communication system and 
high voltage power line communication system, the signal 
is always affected by pulse noise.  Scholars in various 
countries have proposed various algorithms to suppress 
impulse noise, including algorithms based on error 
processing mechanism, methods based on time-frequency 
domain elimination and other types of noise algorithms[13] 
Forward error correction algorithm is the most common 
algorithm to suppress impulse noise based on error 

mechanism processing mechanism, which is widely used 
in power line communication as a channel coding 
technology, including Turbo coding system based on 
single carrier on the basis of statistical characteristics of 
impulse noise[14]. Using dual binary Turbo coding 
method [15-16], LDPC coding and decoding method [17-
18], etc., the main drawback of these noise suppression 
methods is that the complexity of coding and decoding is 
high, which will greatly increase the processing time of the 
system.In the traditional communication system, the early 
methods to reduce the impact of random impulse noise are 
parametric methods, such as assuming a specific statistical 
noise model and estimating the parameters of the statistical 
model at the training stage.  Examples of this algorithm 
mainly include pre-filtering technology, blanking/clipping  
method, minimum mean square error symbol detector and 
iterative decoder[19]. The advantage of this 
parameterization method is that the system performance 
can be improved by using noise model and model 
parameters.  However, such parties may lead to 
performance degradation of the whole system when noise 
models or parameters do not match.  It is precisely 
because this method is excessively dependent on the 
parameter estimation of the system. Therefore, in 
subsequent studies, a large number of researchers have 
improved the accuracy of parameter estimation, such as 
some improved methods on the blanking/clipping 
method[20]. However, the limiting threshold is usually 
obtained by experiments and is not accurate enough. 
Although the improved method can improve the accuracy 
of the limiting threshold, the optimization of the threshold 
requires additional numerical software tools and cannot 
work well at low SNR[21-22].. 

At present, the time-frequency peak filtering technology 
based on instantaneous frequency estimation is considered 
as the signal enhancement technology under low SNR 
conditions[23]. Time-frequency peak filtering algorithm is 
a signal enhancement method based on instantaneous 
frequency estimation[24]. The signal with noise is encoded 
as the instantaneous frequency of the frequency modulated 
analytic signal by frequency modulation. The peak value 
of the time-frequency distribution of the frequency 
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modulated analytic signal is used as the instantaneous 
frequency estimation to eliminate noise by using the 
characteristics of its time-frequency distribution along the 
instantaneous frequency concentration[25-27].  

This article takes the noise elimination problem in the 
solar panel data transmission system as the research 
background, proposes a time-frequency peak filtering 
algorithm to solve the noise in the solar panel data 
transmission system, and proves the feasibility of this 
method[24]. Through simulation and experimental 
algorithm.  Through the test and analysis of the 
laboratory environment and solar panel data transmission 
system, the noise is eliminated by time-frequency peak 
filtering under the condition of low signal-to-noise ratio.  

The rest of this article is arranged as follows. In Section 
2, a time-frequency peak filtering algorithm for noise 
elimination is proposed.Section 3 verifies the effectiveness 
of the proposed algorithm by simulation.  Section 4 is the 
experimental verification. The actual test and analysis are 
completed in the laboratory and the solar panel data 
transmission system.  Section 5 is the conclusion and 
future direction. 

II. TIME-FREQUENCY PEAK FILTERING ALGORITHM 

A. Instantaneous Frequency Estimation Method 

The time-frequency peak filtering technology is 
completed based on instantaneous frequency estimation. 
By frequency modulation, the noised signal is encoded as 
the instantaneous frequency of the analytic signal. The 
instantaneous frequency estimation is used to complete the 
estimation of the signal. The instantaneous frequency of 
the signal reflects the variation of the spectral peak position 
of the signal spectrum, and also the concentration of the 
signal energy on the time frequency plane [28]. Therefore, 
instantaneous frequency is an important parameter for 
studying non-stationary signals. It is also an important 
concept in time-frequency peak filtering [29].  

A complex signal or an analytic signal  z t  can 

always be expressed as      2= j t
z t a t e

 , where  a t  

is the instantaneous amplitude ,  t is the instantaneous 

phase, and the instantaneous frequency of  z t  can be 

defined as equation（1）[30]: 

 
 

z

d t
f t

dt


  (1) 

Therefore, on the other hand, signal  z t  can be 

written as equation (2). 

   
 2

t

zj f d

z t a t e
  

  (2) 

At present, the existing instantaneous frequency 
estimation methods are different for the different 
characteristics of instantaneous frequencies. These 
methods include direct method, zero-crossing detection 
method, phase modeling method and method based on the 
time-frequency distribution and so on. So far, the method 
based on time-frequency distribution has been mostly used 
for the instantaneous frequency estimation [31]. 

The estimation of the instantaneous frequency by the 
time-frequency distribution is obviously better than the 
non time-frequency one. On a time-frequency plane, the 
influence of the noise on the instantaneous frequency can 
be reduced by pre-processing, and the requirement for 
SNR can be lowered. Moreover, the multi-component 
signals can be separated on the time-frequency plane, thus 
the instantaneous frequency of each component can be 
estimated. For those signals with only frequency 
modulation as well as little amplitude modulation, 
especially for linear frequency-modulated (FM) signal, the 
signal energy of Vinag distribution is most concentrated 
along the instantaneous frequency. Hence, the 
instantaneous frequency of the signal can be obtained by 
the estimation of the Vinag distribution peak. 

However, because the instantaneous frequency of the 
analytic signal is non-linear, instantaneous frequency 
estimation of Vinag's peak value will cause deviation. In 
this case, windowed Vinag, or called pseudo Vinag, can be 
used for frequency estimation.  Pseudo Vinag distribution 
of the analytic signal (PWVD), is shown in equation （3）
[32]: 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2021.15.48 Volume 15, 2021

E-ISSN: 1998-4464 441

http://www.baidu.com/link?url=lKd1PcGDbUnzRzt5Tt-WmjBTWQ_mS_8pMiTv4LLxae8OkExO2vP2ukPxETSqRoF0Vv32eylWFp8JLBD3CE5xlG0ZyHhO5V22g3DG1D7gZVa


 

 

    *

2

,
2

2

Z

j f

W t f h z t

z t e d 













 
  

 

 
 

 


 (3) 

In the above equation,  h  is the window function, 

ZW is complex signal,  is time constant.The 

instantaneous frequency estimation is the peak value of the 
frequency of pseudo Vinag distribution, as shown in 
equation（4）. 

    arg max ,Z
f

f t W t f  (4) 

B. Time-Frequency Peak Filtering Noise 

Elimination Technology  

A real noisy signal processed by time-frequency peak 
filtering technology can be modeled as equation (5)[33]: 

     s t x t n t   (5) 

where  x t  is an effective signal that may consist of 

many band limited, non-stationary and deterministic 

components namely    
1

=
p

k

k

x t x t


 ,  n t represents 

additive white Gauss noise, and may overlap the 
spectrum with effective signal. The main objective is to 

restore the original signal  x t  through the 

information contained in the noisy signal. However, it 
is difficult due to the overlapping of the noise and the 
signal spectrum. The time-frequency peak filtering 
method can restore the effective signal neatly without 
any hypothetical conditions. The specific steps of the 
time-frequency peak filtering are as follows： 

Step1: Encode the noisy signal to make it an 

instantaneous frequency. 
Perform frequency modulation to the noised signal 

 s t , and obtain the analytic signal  z t of unit 

amplitude, as shown in equation （6） 

 
 2

t

j s d

z t e
  

                         (6) 

where   is the frequency modulation index. 
According to the definition of instantaneous frequency; the 

noisy signal  s t  is the instantaneous frequency of the 

analytic signal  z t . 

Step2: Obtain the peak value of the pseudo Vinag 
distribution of an analytic signal, that is, to estimate the 
instantaneous frequency of the analytic signal; The 

estimated value of the effective signal  x t  is shown in 

equation (7). 

   
  arg max ,ˆˆ zW t f

x t f t


   (7) 

Where  ,zW t f  is the pseudo Vinag distribution of 

the analytic signal  z t . For high noise cases, iterative 

time frequency peak filtering algorithm can be used, that 
is, to repeat steps (1) and (2) until it meets the requirement 
of the system. 

III. SIMULATION OF LVPLC SYSTEM 

The simulation of LVPLC system has been conducted 
to verify the effectiveness of the noise elimination 
algorithm. In the process, MATLAB was used to simulate 
the single carrier low voltage power line communication 
system, as shown in Fig.1. Thus, the effectiveness of the 
time frequency peak filtering algorithm can be analyzed. 
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Fig.1 MATLAB noise modulation model 

A. The LVPLC System 

In the LVPLC system, many scholars have studied what 
kind of modulation technology is more suitable for LVPLC 
system. However, there is no uniform standard. Because 
the single-carrier system is simple in structure and low in 
cost, it is very suitable for low-rate transmission in the 
LVPLC system. Therefore, traditional frequency shift 
keying (FSK) and phase shift keying (PSK) have been 
studied and applied to the LVPLC system. Moreover, the 
multi-carrier system can effectively reduce multipath 
interference and reduce the influence of narrow-band 
interference and impulse noise.  As shown in Fig.2, the 
single-carrier system can be used to effectively verify the 
effectiveness of the noise elimination technology.  

Fig.2 The LVPLC system for simulation 

In the LVPLC system, due to the low transmitting power 
of the transmitter, even if the impulse noise is eliminated, 
the SNR may still be too low to ensure reliable 
communication. Therefore, only considering the 
background noise, The noise influence of the LVPLC 
system can be expressed as(8): 
y x h n    (8) 

where x is the pre-sent signal through the shaping filter, 
y is the received signal through the LVPLC channel and 
noise impact, n is the background noise of the LVPLC 
channel, h is system function. For the received signal y, the 
time-frequency peak filtering algorithm is used to restore 
the original signal, in order to obtain the original signal and 
to eliminate the noise. 

B. Effectiveness of Time- Frequency Peak 

Filtering Algorithm 

Equation(9) is used to generate waveform ,and then 
noise is added. Finally, the time-frequency peak filtering  
algorithm is used to denoise to verify the effectiveness of  
the algorithm. The signal generated by formula(9) is linear 
frequency modulationsignal x(t) ,and the signal after 
adding noise is y(t) .The signal after denoising by time-

modulation filtering 

h TFPF filtering 

demodulation 

b c x 

𝑦  y 

𝑐  

𝑏  

n 
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frequency peak filtering algorithm is  y t . 

   7 2cos 0.005 7.5 10x t m m    (9) 

To illustrate the effectiveness of the algorithm, first, 

compare the signal waveforms of x(t), y(t) and  y t , as  

is shown in Fig.3. Fig.3 is drawn when SNR is -4dB. From 
top to bottom, there are the waveforms of x(t), y(t) and

 y t . It can be seen from the comparison of x(t) and 

y(t)waveforms that when SNR is -4dB, the original 
waveform is seriously affected by noise, and the original 
waveform shape has been lost. Therefore, when LVPLC 
system has low SNR, the quality of communication will be 
greatly reduced due to the effect of noise. However, it can 
be seen from the comparison between the waveforms of 

x(t) and  y t  that their waveforms are very similar. 

Because of the time-frequency peak filtering algorithm, the 
noise is eliminated and the signal is restored to a certain 
extent. 

 

Fig.3 Waveform comparison of x(t), y(t) ,𝑦 (𝑡) and 𝑦 1(𝑡) 
Although the signal recovers to some extent, it can be 

seen from Fig.3 that the signal does not reach ideal 
situation. The waveform still contains a lot of noise. In 
order to further remove the noise to improve the 

communication quality, the signal  y t  can be 

processed with the time-frequency peak filtering again, 

and the results are recorded as  1y t . The comparison 

between the waveforms of  y t  and  1y t  is shown 

in Fig.3. As we can see from Fig.3, the noise is clearly 
reduced after twice filtering, and the waveform is 
obviously similar to that of original signal. Therefore, in a  
very noisy environment, SNR cannot be raised to a 
satisfactory level only by filtering once. Thus, multiple 
iterations of time-frequency peak filtering algorithm can 
be performed to eliminate noise and improve the quality of 
signals, so as to achieve satisfactory results. 

To illustrate the accuracy of the time-frequency peak 
filtering algorithm, the absolute errors((the difference 
between the measured signal and real signal) of the signals 
are compared,  which can be seen in Fig.4. From top to 
bottom, they are respectively absolute errors between x(t) 

and  y t , x(t)and  y t , and x(t) and  1y t . It 

can be seen from Fig. 4 that due to the influence of noise, 
the absolute error between waveforms is large, which 
indirectly indicates that the signal is seriously disturbed. 
Because of the introduction of the time-frequency peak 
filtering algorithm, the absolute error is reduced, which 
indirectly shows that the signal waveform of the time-
frequency peak filtering algorithm is closer to the original 
signal waveform, which also shows the effectiveness of the 
time-frequency peak filtering algorithm from another 
aspect. After the second time-frequency peak filtering 
algorithm, the absolute error is further reduced, and the 
signal is close to the original signal, which has very 
important guiding significance for signal recovery in low 
SNR and high noise environment. In the high noise 
environment, the iterative time-frequency peak filtering 
algorithm can be introduced into the communication 
system to reduce the noise influence and improve the 
communication quality greatly. 

Through the above analysis, it can be concluded that the 
time-frequency peak filtering algorithm is effective for 
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noise elimination in communication systems. If it is in a 
high noise environment, it can also reduce the influence of 
noise through multiple filtering. 

(x(t) and y(t))

(x(t) and    ) y t

(x(t) and    ) 1y t

 
Fig.4 Absolute error comparisons 

C. Verification of the Effectiveness of the Iterative 

Time-Frequency Peak Filtering Algorithm in 

LVPLC System 

Due to the existence of many noises and low emission 
power feature in commercial LVPLC systems, even in the 
case of impulse noise elimination, low SNR still exists in 
LVPLC system. The time-frequency peak filtering 
algorithm can effectively eliminate noise in low SNR 
situation. As has been proved above, multiple filtering, 
namely iterative time-frequency peak filtering algorithm 
can be applied to such noisy systems. 

In order to illustrate the performance of the time-
frequency peak filtering algorithm in LVPLC system, the 
Quadrature Phase Shift Keying(QPSK), Phase Shift 
Keying(PSK) and Frequency Shift Keying(FSK) 
communication systems are simulated, and the 
performances of Bit Error Rate(BER) are compared when 
SNR is -10~0dB. Fig.5 is the BER comparison diagram of 
the QPSK system, Fig.6 is the BER comparison diagram 
of the PSK system, and Fig.7 is the BER comparison 
diagram of the FSK system. In these figures, BER, not 
processed by the time-frequency peak filtering algorithm, 
is marked as "NO mitigation", and the BER is marked as 
"TFPF" after noise elimination by time-frequency peak 
filtering. The BER of PSK system is reduced by about 5 %, 

FSK system is reduced by about 3 %, and QPSK system is 
reduced by about 2 %. 

According to Fig.5-7, when there is no technology for 
noise elimination, the useful signals are submerged in the 
noise. This causes a very high bit error, lower quality of 
the communication system, as well as the insecurity and 
unreliability of the low voltage power line communication 
system. Therefore, to improve the quality of LVPLC 
system, the time-frequency peak filtering noise elimination 
algorithm is used to eliminate the influence of noise on the 
signal. From the figures, it can be seen that after using the 
time-frequency peak filtering algorithm, the BER of the 
system is greatly lowered, and the reliability is greatly 
improved. This indicates the effectiveness of the time-
frequency peak filtering algorithm applied in the low 
voltage power line communication system. 

   

 

Fig.5 BER comparison diagram of PSK system 
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Fig.6 BER comparison diagram of FSK system 

 

Fig.7 BER comparison diagram of QPSK system 

IV. EXPERIMENTAL RESULTS AND ANALYSIS 

In order to verify the reliability of LVPLC system with 
noise elimination algorithm in the laboratory environment, 
the test of LVPLC channel with noise was carried out. The 
LVPLC carrier systems with interferences from different 
noises, such as colored background noise, narrow band 
noise, periodic impulse noise, synchronizing and 
asynchronizing with power frequency, and sudden impulse 
noise, were tested, respectively. This section selects 
representative test results and gives relevant analysis. 

A. Laboratory Test and Noise Elimination 

a. Introduction of laboratory noise sources 
The principle of introducing relevant noise to household 

appliances is shown in Fig.8. The microprocessor 
engendered the signal with a certain high frequency, and 
these signals were coupled on the low voltage power line 

through the sending module and the coupling module. 
Then the corresponding noises was introduced in the low 
voltage power line though the house appliances. Finally, 
the signals were extracted through the coupling module 
and the receiving module, and transmitted to the upper 
computer interface for process. At the same time, the 
coupler also isolated the noise test device from the 50Hz 
power frequency to ensure that the test equipment can 
work safely. 

 

Fig.8 the principle of noise introduction 
b. Analysis of laboratory test results 

Pure resistance electrical appliances are generally used 
for electric heat conversion, such as electric iron, electric 
heating rod and incandescent lamp. Such household 
appliances generally introduce colored background noise 
in LVPLC channel. Moreover, for the power load with an 
impulse width modulation transducer, the noise production 
mechanism and circuit structure had a close relationship. 
In the internal structure of this appliance, there was 
generally an impulse width modulation transducer. The 
function of this was to control the motor operation in 
insulated gate bipolar transistor driver. The operation of 
the machine would introduce the periodic impulse noises 
synchronizing with the power frequency into the low 
voltage power line communication channel. The periodic 
impulse noise with regularity and certain intensity, which 
was asynchronous with power frequency, was introduced 
into the low voltage power line every half power frequency 
cycle of the rectifier. And periodic pulse noise source 
asychronizing with power frequency would be introduced 
generally into LVPLC for electrical appliances or devices 
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that contained rectifier circuits, such as mobile phone 
chargers, computer adapters and LED lights. The correct 
reception data rate without using the time-frequency peak 
filtering technology was marked as "NO mitigation", and 
the correct reception data rate after the noise elimination 
by time-frequency peak filtering was marked as "TFPF". 
The experimental results are shown in Figure 9. 

 

Fig.9 Experimental test results 
According to Fig.9, the correct receiving data rate can 

be improved to about 95%, after being processed by the 
time frequency peak filtering noise elimination algorithm. 
The communication quality of the LVPLC system can be 
improved effectively under any noised environment. 

B. Test in the Data Transmission System of the 

Solar Panel 

a. Experimental platform 
The principle of applying the LVPLC system into the 

data transmission system of the solar panel is shown in 
Fig.10. The data transmission line of the solar panel was 
not needed when applying the low voltage power line 
communication system into the automatic detection of the 
solar panel transmission. The low voltage power line 
carrier technology can be applied, with the solar energy 
output circuit as the signal transmission media, to carry out 
real time transmission of the solar panel data. 

 

Fig.10 Test platform 

The information of the voltage and temperature was 
transmitted through the LVPLC, with the receiving module 
of the LVPLC carrier connected to the monitoring host 
computer and the sending module connected to the 
collection equipment. Due to the limitation of the 
experimental conditions, communication applications with 
a maximum length of around 200 meters were carried out. 
The pollution of the LVPLC carrier channel was relatively 
light, and the testing environment were similar to some 
extent, comparing the relatively pure environment with a 
small number and single type of appliance and stable 
appliance switches, such as the solar panel. The system 
software is installed on the host computer. The working 
states of al solar panels can be observed through the 
monitoring software, and the collected data of voltage and 
temperature were displayed in real time. Through the 
collected information by the monitoring software, the 
system host could judge whether the solar panel was 
damaged. When the voltage was lower than the set 
alarming value, or the temperature of the solar system was 
higher than the environment in normal working, the system 
would report the fault point automatically, and show the 
position of the fault. Thus, it is convenient for the 
maintainers to reach the fault area and treat the faulted 
solar panel.  

b. System application analysis 
The LVPLC transmission module in the data 

transmission system controlling platform of the solar panel 
in Southwest Petroleum University is single-phased 
intelligent meter carrier module (TXZX13-MR21M). 
Through the comparison with the power line carrier 
module studied in this paper, the adaptation of the LVPLC 
carrier module can be instructed. The comparison of the 
two modules is shown in table 1. 
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The experimental data with 9600 bit/s baud rate and 
200meters communication distance was selected. Then all 
kinds of performances of the modules both in the paper and 

product were compared, and the curves in Fig.11-14 can 
be obtained. 

Table 1 Comparison of module parameters 

Hardware 
Temperatur

e 
Voltage Sensitivity 

Grid 

environment 

Isolation 

voltage 

Communication 

rate 

Carrier 

frequency 

Thesis module -40-85℃ 5-20V 20mV AC<305V 4kV 6.7Kbit/s 72K 

Product module -40-85℃ 12-15V 30mV AC<305V 4kV 1.6Kbit/s 76.8K 

 

Fig.11 Narrow band noise interference 

 

Fig.12 Colored background noise interference 

 

Fig.13 Asynchronous periodic impulse noise interference 

 

Fig.14 Synchronous periodic noise interference

 

From Figure 12, Figure 13, Figure 14, Figure 15, it can 
be seen that the low voltage power line carrier module used 
in this paper under the interference test of 200 m at 9600 
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baud rate, in the case of the same number of reception, the 
correct data received are greatly increased. It can be seen 
from Fig. 12, Fig. 13 and Fig. 15 that the error rate of the 
low-voltage power line carrier module is approximately 2% 
lower than that of the single-phase smart meter product 
module in the console under the general background noise 
interference It can be seen from Figure 14 that the bit error 
rate of the low voltage power line carrier module is about 
3 % lower than that of the single-phase smart meter 
product module in the console in the pulse interference 
environment, and the signal-to-noise ratio is increased by 
about 5 dB in the actual low voltage power line 
communication noise environment. It shows that the time-
frequency peak filtering algorithm used in low voltage 
power line carrier module in this paper has the best effect 
on noise elimination in low voltage power line carrier 
products under the pulse interference environment of 200 
m at 9600 baud rate, and also shows the applicability and 
effectiveness of the time-frequency peak filtering 
algorithm in low voltage power line carrier products. It can 
be seen from table 1 that the working voltage of the 
LVPLC module (5-20V) is lower than that of the single-
phase smart meter product in the console (12-15V), and the 
lower working voltage means that the power consumption 
of the system is lower. That is to say, the LVPLC module 
is more suitable for low-voltage power line carrier 
communication. The static power consumption of the low 
voltage power line communication module at 0.25 W is 
lower than that of the single-phase smart meter product in 
the console at 0.35 W. The rate of 6.7 Kbit/s of the low 
voltage power line communication module is higher than 
that of the single-phase smart meter product module in the 
console at 1.66.7Kbit/s. In terms of carrier frequency, the 
LVPLC module is set to 72 K, which is lower than the 
carrier frequency of 76.8 K of single-phase smart meter 
products.  The higher the carrier frequency is, the smaller 
the signal attenuation is. However, the load change of low-
voltage power line is frequent, and the power consumption 
will increase. From the perspective of power consumption 
and cost, this carrier frequency is more suitable for low-
voltage power line carrier communication. 

The current transmission of solar panel data contains 

temperature, current, voltage three kinds of data, each data 
using a separate packet to send, the packet contains boot 
code, packet information, CRC check code and user data 
with a total length of 80 bit, the three kinds of data of a 
solar panel need three packet total length of 240 bit. A solar 
panel group has 4 solar panels, and the data are updated 
every 1 minute. Using 1600 bps transmission speed, the 
data can be transmitted for 100 times 
(1600b/s×60s÷240bit÷4=100) repeatedly in the required 
updating time. Thus, time-frequency peak filtering 
algorithm can reduce the bit error rate of low voltage 
power communication system and improve the 
communication quality of the system. From the 
perspective of cost and power consumption, the low 
voltage power line carrier module developed in this paper 
greatly reduces the cost and power consumption, which is 
of great significance to practical engineering and can fully 
meet the communication requirements of practical 
engineering.  

V. CONCLUSION 

This paper conducts in-depth research on the time-
frequency peak filter algorithm, completes the simulation 
design of the time-frequency peak filter algorithm, and 
studies the method of noise elimination for LVPLC signals. 
After testing and analyzing the laboratory environment and 
the solar panel data transmission system , In the case of 
low signal-to-noise ratio, use time-frequency peak filtering 
to eliminate noise.  

Through testing and analysis, the following conclusions 
are obtained: 
1) In view of the low signal-to-noise ratio, the time-

frequency peak filtering algorithm is chosen as the 
noise elimination technology for LVPLC systems. 
The simulation results show that the time-frequency 
peak filter algorithm can effectively suppress noise. 

2) According to the time-frequency peak filter algorithm 
simulation results, the laboratory introduces 
interference source testing. The experimental test 
results show that the correct received data rate is 
increased to 95% after the time-frequency peak filter 
noise elimination algorithm, which improves the 
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SNR ratio of the LVPLC system. 
3) The LVPLC system with time-frequency peak 

filtering denoising function is applied to the data 
transmission system of solar panels. The application 
results show that the LVPLC carrier module is 
approximately 2% lower than the single-phase smart 
meter product module in the console under the 
general background noise interference, and the bit 
error rate is reduced to about 3% in the pulse 
interference environment. In the actual LVPLC noise 
environment, the signal-to-noise ratio is increased by 
about 5 dB, indicating the applicability and 
effectiveness of the time-frequency peak filtering 
algorithm in LVPLC carrier products. 
With the development of smart grid and the 

continuous expansion of power line communication 
business and service scope, more and more requirements 
will be put forward for the service of high-speed 
communication in low-voltage power grid. At the same 
time, the safety and quality of communication will also be 
higher and higher.  Therefore, the study of better and 
faster noise cancellation technology to ensure the quality 
of low voltage power line communication, in order to 
better serve different types of power line communication 
business, will be the focus of high-speed communication 
in low voltage power grid.  This paper only studies the 
asynchronous impulse noise elimination algorithm in low 
voltage power line communication system, without 
considering the influence of cyclic impulse noise in low 
voltage power line communication system, and without 
considering the environment of multiple input and multiple 
output.  Therefore, in the future, the noise elimination 
technology under cyclic impact noise environment can be 
considered, including the modeling and simulation of 
cyclic impact noise, the research and simulation of noise 
elimination algorithm.  The noise elimination technology 
in multi-input multi-output system is studied. Considering 
the complexity of the existing algorithm, the superiority of 
the algorithm is maintained and the complexity of the 
algorithm is reduced. 
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