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ZERO CROSSING POINT SIGNAL OUTPUT AND POWER LINE
DATA TRANSMITTING METHOD AND DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to Chinese Patent Application No.
201910547336.2, titled “ZERO CROSSING POINT SIGNAL OUTPUT AND POWER LINE
DATA TRANSMITTING METHOD AND DEVICE?”, filed on June 24, 2019 by TENDYRON
CORPORATION.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of electronic technology, and more
particularly, to a zero crossing point signal output method and apparatus and a power line data

transmitting method and device.

BACKGROUND

[0003] With the development of electronic technology and network technology, the use of
power lines as a carrier for signal transmission has attracted more and more attention. Among
them, low-voltage power line carrier communication (PLC) technology uses existing low-
voltage power supply lines to realize data transmission, and has advantages of requiring no
rewiring, saving system construction costs, and strong practicability. It is widely used in
automatic meter reading, lighting control, smart community, smart building, home network,
home smart control, home security, etc.

[0004] Due to the characteristics of commercial power or mains power (50 HZ/60 HZ)
transmitted by a power line, there will be a certain frequency (100HZ/120HZ) of pulse
interference on the power line. The use of zero-crossing transmission on the power line can

avoid the pulse interference from the mains power. The zero-crossing transmission refers to
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making use of the short time when the mains power crosses the zero point, that is, the
neighbourhood of the zero point, to transmit a signal. However, because the periodicity of the
mains power itself and the detection of zero crossing points of the mains power have certain
errors, it is difficult to control synchronization between the signal transmission and the
alternating current (AC) waveform in practical applications. Therefore, how to obtain accurate
zero crossing point time and conduct a reliable transmission of information between various
devices in the power line communication system based on the zero crossing point time to ensure
that the transmitted data is accurately identified is an urgent technical problem that needs to be

resolved in the technical field.

SUMMARY

[0005] The present disclosure is directed to solving the above problems.

[0006] In order to achieve the purpose, the technical solution of the present disclosure is
implemented as follows.

[0007] The present disclosure mainly aims to provide a zero crossing point signal output
method including: continuously receiving zero crossing point square wave signals input by a
zero-crossing detection circuit, and periodically sampling each zero crossing point square wave
signal at a predetermined sampling frequency; acquiring a sampling number of each zero
crossing point square wave signal in 1% to M zero crossing point square wave signals to obtain
sampling numbers of M zero crossing point square wave signals, calculating an average value
of the sampling numbers of the M zero crossing point square wave signals to obtain an average
sampling number S, and calculating a first zero crossing point interval T1 based on the average
sampling number S and the predetermined sampling frequency; and setting a zero crossing point
signal output interval as the first zero crossing point interval T1, where M is a predetermined
value and is a positive integer greater than or equal to 1; continuously outputting zero crossing
point signals with an interval being the zero crossing point signal output interval; obtaining a
sampling number of each zero crossing point square wave signal in M+1" to M+N™ zero
crossing point square wave signals to obtain sampling numbers of N zero crossing point square

wave signals, calculating a difference value between each of the sampling numbers of the N
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zero crossing point square wave signals and the average sampling number S to obtain N
sampling number difference values, and summing the N sampling number difference values to
obtain an accumulated difference value As, where N is a predetermined value and is a positive
integer greater than or equal to 1; calculating, when As is not within a predetermined change
range, a second zero crossing point interval T2 in accordance with a predetermined rule, and
setting the zero crossing point signal output interval as the second zero crossing point interval
T2; and when As is within the predetermined change range, keeping the zero crossing point
signal output interval unchanged; and continuously outputting zero crossing point signals with
an interval being the zero crossing point signal output interval.

[0008] Another object of the present disclosure is to provide a computer-readable storage
medium including computer instructions. The computer instructions, when executed,
implement the zero crossing point signal output method as described above.

[0009] Another object of the present disclosure is to provide a power line data transmitting
method including the zero crossing point signal output method as described above, and further
including: subsequent to said continuously outputting the zero crossing point signals with the
interval being the zero crossing point signal output interval T, determining a 1 zero crossing
point time t based on the zero crossing point signals, and determining a start time of transmitting
a synchronization signal of a data packet to be transmitted based on the 1% zero crossing point
time, wherein the start time of transmitting the synchronization signal of the data packet to be
transmitted is t+t1, t+t; is earlier than a 2" zero crossing point time t+T, t+T is contained in a
time period from a time point of transmitting a first synchronization bit signal to a time point
of transmitting a last synchronization bit signal, and t: is a first predetermined fixed value; and
sequentially transmitting data bit signals of the data packet to be transmitted.

[0010] Another object of the present disclosure is to provide a computer-readable storage
medium including computer instructions. The computer instructions, when executed,
implement the power line data transmitting method as described above.

[0011] Another object of the present disclosure is to provide a zero crossing point signal
output apparatus, including a receiving module, a sampling module, a calculating module and
an outputting module. The receiving module is configured to continuously receive zero crossing

point square wave signals input by a zero-crossing detection circuit. The sampling module is
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configured to periodically sample each zero crossing point square wave signal at a
predetermined sampling frequency. The calculating module is configured to acquire a sampling
number of each zero crossing point square wave signal in 1% to M™ zero crossing point square
wave signals to obtain sampling numbers of M zero crossing point square wave signals,
calculate an average value of the sampling numbers of the M zero crossing point square wave
signals to obtain an average sampling number S, and calculate a first zero crossing point interval
T1 based on the average sampling number S and the predetermined sampling frequency; and
set a zero crossing point signal output interval as the first zero crossing point interval T1,
wherein M is a predetermined value and is a positive integer greater than or equal to 1. The
outputting module is configured to continuously output zero crossing point signals with an
interval being the zero crossing point signal output interval. The calculating module is further
configured to obtain a sampling number of each zero crossing point square wave signal in M+1""
to M+N™ zero crossing point square wave signals to obtain sampling numbers of N zero
crossing point square wave signals, calculate a difference value between each of the sampling
numbers of the N zero crossing point square wave signals and the average sampling number S
to obtain N sampling number difference values, and sum the N sampling number difference
values to obtain an accumulated difference value As, where N is a predetermined value and is
a positive integer greater than or equal to 1; calculate, when As is not within a predetermined
change range, a second zero crossing point interval T2 in accordance with a predetermined rule,
and set the zero crossing point signal output interval as the second zero crossing point interval
T2; and when As is within the predetermined change range, keep the zero crossing point signal
output interval unchanged.

[0012] Another object of the present disclosure is to provide a power line data transmitting
device, including the zero crossing point signal output apparatus as described above, and a data
outputting module. The data outputting module is configured to, subsequent to receiving the
zero crossing point signals with the interval being the zero crossing point signal output interval
which are continuously output by the outputting module, determine a 1st zero crossing point
time t based on the zero crossing point signals, and determine a start time of transmitting a
synchronization signal of a data packet to be transmitted based on the 1st zero crossing point

time, wherein the start time of transmitting the synchronization signal of the data packet to be
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transmitted is t+ty, t+t1 is earlier than a 2nd zero crossing point time t+T, t+T is included in a
time period from a time point of transmitting a first synchronization bit signal to a time point
of transmitting a last synchronization bit signal, and t: is a first predetermined fixed value; and
sequentially transmit data bit signals of the data packet to be transmitted.

[0013] As can be seen from the technical solution provided by the present disclosure, the
embodiments of the present disclosure provide a zero crossing point signal output method and
apparatus, and a power line data transmitting method and device. According to the zero crossing
point signal output method and apparatus, after receiving zero crossing point square wave
signals input by a zero-crossing detection circuit, an average sampling number is obtained by
calculating a sampling number of each zero crossing point square wave signal in 1% to M™ zero
crossing point square wave signals, a zero crossing point signal output interval is obtained based
on the average sampling number and a predetermined sampling frequency, zero crossing point
signals are output based on the zero crossing point signal output interval, sampling numbers of
subsequent zero crossing point square wave signals are continuously calculated, the zero
crossing point signal output interval is adjusted based on the subsequent zero crossing point
square wave signals, and the zero crossing point signals are output based on the adjusted result.
By using the zero crossing point signal output method and apparatus to correct a detection result
of the zero-crossing detection circuit and output the zero crossing point signals, the zero
crossing point signals output according to the method have small errors, and when such zero
crossing point signals are used to conduct power line communications, the problem of low zero
crossing point communication efficiency due to a large error in the detection result of the zero-
crossing detection circuit is avoided, and the communication efficiency is improved. According
to the power line data transmitting method and device as described above, after receiving zero
crossing point square wave signals input by a zero-crossing detection circuit, an average
sampling number is obtained by calculating a sampling number of each zero crossing point
square wave signal in 1 to M zero crossing point square wave signals, a zero crossing point
signal output interval is obtained based on the average sampling number and a predetermined
sampling frequency, zero crossing point signals are output based on the zero crossing point
signal output interval, a zero crossing point time is determined based on the zero crossing point

signals, a start time of transmitting a synchronization signal of a data packet to be transmitted
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is determined, such that the zero crossing point time is contained in a time period during which
the synchronization signal is transmitted, sampling numbers of subsequent zero crossing point
square wave signals are continuously calculated, the zero crossing point signal output interval
is adjusted based on the subsequent zero crossing point square wave signals, and the zero
crossing point signals are output based on the adjusted result. By using the power line data
transmitting method and device as described above to correct a detection result of the zero-
crossing detection circuit and output the zero crossing point signals, when the zero crossing
point signals are used to conduct power line communications, the problem of low zero crossing
point communication efficiency due to a large error in the detection result of the zero-crossing
detection circuit is avoided, and the communication efficiency is improved. Meanwhile, the
zero crossing point signal is contained in the time period for transmitting the synchronization
signal of the data packet to be transmitted, so that a receiving end can determine whether
received signals are near a zero crossing point and determine whether the signals are the

synchronization signal, and thus information can be transmitted efficiently and completely.

BRIEF DESCRIPTION OF DRAWINGS

[0014] In order to clearly illustrate technical solutions of embodiments of the present
disclosure, a brief description of drawings used in the description of the embodiments is given
below. Obviously, the drawings in the following descriptions are only some embodiments of
the present disclosure, and for those skilled in the art, other drawings can be obtained according
to these drawings without creative labor.

[0015] FIG. 1 is a flowchart of a zero crossing point signal output method according to
Embodiment 1 of the present disclosure.

[0016] FIG. 2 is a schematic diagram of zero crossing point square wave signals input by a
zero-crossing detection circuit according to Embodiment 1 of the present disclosure.

[0017] FIG. 3 is a schematic diagram of an output waveform of zero crossing point signals
according to Embodiment 1 of the present disclosure.

[0018] FIG. 4 is a schematic diagram of another output waveform of zero crossing point

signals according to Embodiment 1 of the present disclosure.
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[0019] FIG. 5 is a flowchart of a power line data transmitting method according to
Embodiment 3 of the present disclosure.

[0020] FIG. 6 is a schematic diagram of a structure of a zero crossing point signal output
apparatus according to Embodiment 5 of the present disclosure.

[0021] FIG. 7 is a schematic diagram of a structure of a power line data transmitting device

according to Embodiment 6 of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0022] Description will be made clearly and completely of technical solutions in the
embodiments of the present disclosure in conjunction with accompanying drawings in the
embodiments of the present disclosure. Obviously, the embodiments described here are only
part of the embodiments of the present disclosure and are not all embodiments of the present
disclosure. Based on the embodiments of the present disclosure, all other embodiments obtained
by those skilled in the art without creative labor are within the protection scope of the present
disclosure.

[0023] Embodiment 1

[0024] As illustrated in FIG. 1, the embodiment provides a zero crossing point signal output
method. To achieve the above object, the technical solution of the present disclosure is
specifically implemented as follows.

[0025] At S101, zero crossing point square wave signals input by a zero-crossing detection
circuit are continuously received, and each zero crossing point square wave signal is
periodically sampled at a predetermined sampling frequency.

[0026] In the embodiment, since a power system may typically provide a power frequency
voltage of 50HZ, that is, a power frequency voltage with a periodicity of 20ms, for alternating
current power, there are two moments in each alternating current periodicity at which the
voltage value is zero, that is, two zero crossing points. However, the periodicity of the mains
power supply generally has an error of about 1% -2%. Thus, when the zero crossing points are
used for power line carrier communications, the periodicity and the zero crossing points cannot

be determined directly by using the nominal mains frequency 50HZ. Instead, the actual
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periodicity and zero crossing points need to be obtained again through detection and calculation,
and then the actual periodicity and zero crossing points are used to conduct power line carrier
communications. However, since the zero-crossing detection circuit generally includes analog
devices, there is large error in detection of zero crossing points, and the zero crossing point
square wave signals output by the zero-crossing detection circuit also have large errors. For
example, for the zero crossing point square wave signals output by the zero-crossing detection
circuit as illustrated in FIG. 2, the periodicity of the zero crossing point square wave signals
varies significantly. Hereinafter, the solution of the embodiment will be described by taking the
received zero crossing point square wave signals being the zero crossing point square wave
signals shown in FIG. 2 as an example.

[0027] In the embodiment, each zero crossing point square wave signal is periodically
sampled at a predetermined sampling frequency, that is, each zero crossing point square wave
signal is sampled by using a high-speed clock. For example, the predetermined sampling
frequency may be set to 2000HZ. Taking the mains frequency being 50HZ as an example, the
sampling number of the zero crossing point square wave signal is usually about 40. By
periodically sampling each zero crossing point square wave signal, the periodicity of each zero
crossing point square wave signal can be obtained, and the next calculation is further executed.
[0028] In an optional implementation of the embodiment, after the zero crossing point
square wave signals input by the zero-crossing detection circuit are continuously received,
filtering is performed on each of the received zero crossing point square wave signals to filter
out high-frequency noise in each zero crossing point square wave signal, and then each zero
crossing point square wave signal is periodically sampled at the predetermined sampling
frequency. In the optional implementation, the zero crossing point square wave signals are
periodically sampled after the high-frequency noise is filtered out, so that misjudgment of the
zero crossing point square wave signals caused by the existence of the high-frequency noise
and hence incorrect sampling results due to the misjudgment are avoided.

[0029] At S102, a sampling number of each zero crossing point square wave signal in 1% to
M zero crossing point square wave signals is acquired to obtain sampling numbers of M zero
crossing point square wave signals, an average value of the sampling numbers of the M zero

crossing point square wave signals is calculated to obtain an average sampling number S, and
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a first zero crossing point interval T1 is calculated based on the average sampling number S and
the predetermined sampling frequency; and a zero crossing point signal output interval is set as
the first zero crossing point interval T1, where M is a predetermined value and is a positive
integer greater than or equal to 1.

[0030] In the embodiment, partial sampling results are obtained by periodically sampling
each zero crossing point square wave signal at S101. For example, supposing a predetermined
value M =5, the sampling number of each zero crossing point square wave signal in the 1% to
5t zero crossing point square wave signals is obtained. The sampling numbers of the 1% to 5%
zero crossing point square wave signals are 38, 39, 45, 36, and 37, respectively, and the average
value of the sampling numbers of the five zero crossing point square wave signals is calculated
to be 39, that is, the average sampling number S = 39.

[0031] In the embodiment, the first zero crossing point interval T1 is calculated based on
the average sampling number S and a predetermined sampling frequency. That is, the average
periodicity of the zero crossing point square wave signals is calculated based on the average
sampling number S and the predetermined sampling frequency, and then the first zero crossing
point interval T1 is obtained based on the average periodicity of the zero crossing point square
wave signals. Alternatively, since in alternating current there are 2 zero crossing points in each
periodicity of the zero crossing point square wave signals, the interval between zero crossing
points should be one half of a periodicity. For example, when the average sampling number S
is 39 and the predetermined sampling frequency is 2000HZ, the average periodicity of the zero
crossing point square wave signals is 0.0195s, that is, the first zero crossing point interval T1
is 0.00975s, and the zero crossing point signal output interval is set to 0.00975s. By calculating
the average value of the sampling numbers of the M zero crossing point square wave signals
and obtaining the first zero crossing point interval by using the average sampling number, the
error of the zero crossing point square wave signals output by the zero-crossing detection circuit
can be reduced, and more accurate zero crossing point interval can be obtained.

[0032] At S103, zero crossing point signals with an interval being the zero crossing point
signal output interval are continuously output; a sampling number of each zero crossing point
square wave signal in M+1" to M+N™ zero crossing point square wave signals is obtained to

obtain sampling numbers of N zero crossing point square wave signals, a difference value
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between each of the sampling numbers of the N zero crossing point square wave signals and
the average sampling number S is calculated to obtain N sampling number difference values,
and the N sampling number difference values are summed to obtain an accumulated difference
value As, where N is a predetermined value and is a positive integer greater than or equal to 1.
[0033] In the embodiment, the zero crossing point signals may be output in various modes.
For example, in a first mode, zero crossing point signals are output as high-frequency pulses.
As illustrated in FIG. 3, when the output interval of the zero crossing point signals is 0.00975s,
a high-frequency pulse is output every 0.00975s, and the time when the high-frequency pulse
occurs is the zero crossing point time. In a second mode, the zero crossing point signals are
output as alternating high and low levels. As illustrated in FIG. 4, when the output interval of
the zero crossing point signals is 0.00975s, a high-level signal with a duration of 0.00975s and
a low-level signal with a duration of 0.00975s are alternately output, and the time when the
level changes is the zero crossing point time. Zero crossing point signals with an interval being
the zero crossing point signal output interval are output, the zero crossing point signals can be
used to conduct zero crossing point power line communications, and the problem of inaccurate
zero crossing point time and low communication efficiency due to a large error in the detection
result of analog devices in the zero-crossing detection circuit can be avoided.

[0034] In the embodiment, while using the zero crossing point signal output interval to
output the zero crossing point signals, the zero crossing point signal output interval is calculated
and corrected by further using a sum of difference values between sampling numbers of a
predetermined number of the zero crossing point square wave signals and the average sampling
number S. For example, as illustrated in FIG. 2, supposing the predetermined value N =5, the
sampling number of each zero crossing point square wave signal of the 6™ to 10" zero crossing
point square wave signals is obtained. The sampling numbers of the five zero crossing point
square wave signals are 38, 36, 35, 32, and 40, respectively. Thus, the difference value between
each of the sampling number 38, 36, 35, 32 and 40 and the average sampling number 39 is
calculated to obtain five sampling number difference values as 1, 3, 4, 7, and-1 respectively,
and the five sampling number difference values are summed to obtain the accumulated
difference value Asas 14.

[0035] At S104, when As is not within a predetermined change range, a second zero
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crossing point interval T2 is calculated in accordance with a predetermined rule, and the zero
crossing point signal output interval is set as the second zero crossing point interval T2; and
when As is within the predetermined change range, the zero crossing point signal output interval
IS kept unchanged.

[0036] In the embodiment, after the accumulated difference value As is calculated, the zero
crossing point signal output interval is adjusted based on As. That is, by determining whether
As is within the predetermined change range, it is determined whether the second zero crossing
point interval T2 is calculated in accordance with the predetermined rule. When As is not within
the predetermined change range, the second zero crossing point interval T2 is calculated in
accordance with the predetermined rule, and the zero crossing point signal output interval is set
as the second zero crossing point interval T2; and when As is within the predetermined change
range, the zero crossing point signal output interval is still T1. By determining whether the
accumulated difference value As is within the predetermined change range to adjust the zero
crossing point signal output interval, the zero crossing point signal output interval can be more
precise, and the communication efficiency is improved. For example, when the predetermined
change range is [-5,5] and As =14 which is not within the predetermined change range, the
current zero crossing point signal output interval is considered to be inaccurate and needs to be
adjusted, and the second zero crossing point interval T2 is calculated in accordance with the
predetermined rule. When As =3 which is within the predetermined change range, the current
zero crossing point signal output interval is considered to be accurate without having to be
adjusted. Thus, the zero crossing point signal output interval is still T1.

[0037] In an optional implementation of the embodiment, T2 = T1-At is calculated when
As is smaller than a minimum value of the predetermined change range, and T2 = T1+ At is
calculated when As is greater than a maximum value of the predetermined change range,
wherein At is a predetermined correction value. For example, the predetermined change range
is [-5,5], the predetermined correction value At is 0.00005s. When As is = -7, that is, AS is
smaller than the minimum value of the predetermined change range, the second zero crossing
point interval T2= T1- At =0.00975s-0.00005s =0.0097s. When As =14, that is, As is greater
than the maximum value of the predetermined change range, the second zero crossing point

interval T2= T1 +At = 0.0098s. In the optional implementation, the zero crossing point signal
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output interval is corrected by setting the predetermined correction value At instead of directly
setting the zero crossing point signal output interval based on the sampling numbers of the zero
crossing point square wave signals, thereby avoiding an inaccurate zero crossing point signal
output interval, which results from great fluctuation and large error in the output zero crossing
point square wave signals of the zero-crossing detection circuit due to its components being
affected by environmental changes and the like.

[0038] At S105, zero crossing point signals with an interval being the zero crossing point
signal output interval are continuously output.

[0039] In the embodiment, when the zero crossing point output interval is T1, zero crossing
point signals having an interval of 0.00975s are continuously output, and when the zero crossing
point output interval is T2, zero crossing point signals having an interval of 0.0098s are
continuously output. The mode of outputting the zero crossing point signals may be the same
as that at S103. By adjusting the zero crossing point signal output interval according to the
sampling numbers of the input zero crossing point square wave signals, the accuracy of
outputting the zero crossing point signals can be improved, and the communication efficiency
can be improved.

[0040] According to the technical solution of the present disclosure, the embodiment
provides a zero crossing point signal output method. After receiving zero crossing point square
wave signals input by a zero-crossing detection circuit, an average sampling number is obtained
by calculating a sampling number of each zero crossing point square wave signal in 1% to M™
zero crossing point square wave signals, a zero crossing point signal output interval is obtained
based on the average sampling number and a predetermined sampling frequency, zero crossing
point signals are output based on the zero crossing point signal output interval, sampling
numbers of subsequent zero crossing point square wave signals are continuously calculated, the
zero crossing point signal output interval is adjusted based on the subsequent zero crossing
point square wave signals, the zero crossing point signals are output based on the adjusted result.
By using the zero crossing point signal output method to correct a detection result of the zero-
crossing detection circuit and output the zero crossing point signals, the zero crossing point
signals output according to the method have small errors, and when such zero crossing point

signals are used to conduct power line communications, the problem of low zero crossing point
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communication efficiency due to a large error in the detection result of the zero-crossing
detection circuit is avoided, and the communication efficiency is improved.

[0041] Embodiment 2

[0042] The present embodiment provides a computer-readable storage medium including
computer instructions. The computer instructions, when executed, implement the zero crossing
point signal output method in Embodiment 1. For specific operations, reference may be made
to Embodiment 1, which is not described herein again.

[0043] Embodiment 3

[0044] As illustrated in FIG. 5, the embodiment provides a power line data transmitting
method, which includes the zero crossing point signal output method in Embodiment 1.
Therefore, specific implementations and optional implementations of S201, S202, S204, and
S205 are the same as those of S101, S102, S104, and S105 in Embodiment 1, and the same
parts as those in Embodiment 1 are not repeated and only different parts are described in detail.
[0045] At S201, zero crossing point square wave signals input by a zero-crossing detection
circuit are continuously received, and each zero crossing point square wave signal is
periodically sampled at a predetermined sampling frequency.

[0046] At S202, a sampling number of each zero crossing point square wave signal in 1% to
M™ zero crossing point square wave signals is acquired to obtain sampling numbers of M zero
crossing point square wave signals, an average value of the sampling numbers of the M zero
crossing point square wave signals is calculated to obtain an average sampling number S, and
a first zero crossing point interval T1 is calculated based on the average sampling number S and
the predetermined sampling frequency; and a zero crossing point signal output interval is set as
the first zero crossing point interval T1, where M is a predetermined value and is a positive
integer greater than or equal to 1.

[0047] At S203, zero crossing point signals with an interval being the zero crossing point
signal output interval are continuously output; a 1% zero crossing point time t is determined
based on the zero crossing point signals, and a start time of transmitting a synchronization signal
of a data packet to be transmitted is determined based on the 1% zero crossing point time, where
the start time of transmitting the synchronization signal of the data packet to be transmitted is

t+ty, t+t1 is earlier than a 2" zero crossing point time t+T, t+T is contained in a time period
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from a time point of transmitting a first synchronization bit signal to a time point of transmitting
a last synchronization bit signal, and t; is a first predetermined fixed value; and data bit signals
of the data packet to be transmitted are sequentially transmitted; a sampling number of each
zero crossing point square wave signal in M+1" to M+N™ zero crossing point square wave
signals is obtained to obtain sampling numbers of N zero crossing point square wave signals, a
difference value between each of the sampling numbers of the N zero crossing point square
wave signals and the average sampling number S is calculated to obtain N sampling number
difference values, and the N sampling number difference values are summed to obtain an
accumulated difference value As, where N is a predetermined value and is a positive integer
greater than or equal to 1.

[0048] In the embodiment, after continuously outputting zero crossing point signals with
an interval being the zero crossing point signal output interval, the 1% zero crossing point time
is determined based on the zero crossing point signals, and the start time of the synchronization
signal of the data packet to be transmitted is determined based on the 1% zero crossing point
time, where the start time is earlier than the 2" zero crossing point time, so that the time period
for transmitting the synchronization signal of the data packet to be transmitted contains the 2"
zero crossing point time. After the transmission of the synchronization signal is finished, the
data bit signals of the data packet to be transmitted are sequentially transmitted. Since the time
period for transmitting the synchronization signal of the data packet to be transmitted contains
the zero crossing point time, near which there is less interference, the efficiency of signal
transmission is higher. This also facilitates a signal receiving end to determine whether received
signals are near a zero crossing point and determine whether the signals are the synchronization
signal, so that information can be transmitted efficiently and completely.

[0049] At S204, when As is not within a predetermined change range, a second zero
crossing point interval T2 is calculated in accordance with a predetermined rule, and the zero
crossing point signal output interval is set as the second zero crossing point interval T2; and
when As is within the predetermined change range, the zero crossing point signal output interval
is kept unchanged.

[0050] At S205, zero crossing point signals with an interval being the zero crossing point

signal output interval are continuously output.
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[0051] According to the technical solutions provided by the present disclosure, the present
disclosure provides a power line data transmitting method. After receiving zero crossing point
square wave signals input by the zero-crossing detection circuit, the average sampling number
is obtained by calculating the sampling number of each zero crossing point square wave signal
in 1% to M™ zero crossing point square wave signals, the zero crossing point signal output
interval is obtained based on the average sampling number and the predetermined sampling
frequency, the zero crossing point signals are output based on the zero crossing point signal
output interval, a zero crossing point time is determined based on the zero crossing point signals,
the start time of transmitting the synchronization signal of the data packet to be transmitted is
determined, such that the zero crossing point time is contained in the time period during which
the synchronization signal is transmitted, sampling numbers of subsequent zero crossing point
square wave signals are continuously calculated, the zero crossing point signal output interval
is adjusted based on the subsequent zero crossing point square wave signals, and the zero
crossing point signals are output based on the adjusted result. By using the power line data
transmitting method as described above to correct a detection result of the zero-crossing
detection circuit and output the zero crossing point signals, when the zero crossing point signals
output according to the method are used to conduct power line communications, the problem
of low zero crossing point communication efficiency due to a large error in the detection result
of the zero-crossing detection circuit is avoided, and the communication efficiency is improved.
Meanwhile, the zero crossing point signal is contained in the time period for transmitting the
synchronization signal of the data packet to be transmitted, so that a receiving end can determine
whether received signals are near a zero crossing point and determine whether the signals are
the synchronization signal, and thus information can be transmitted efficiently and completely.
[0052] Embodiment 4

[0053] The present embodiment provides a computer-readable storage medium including
computer instructions. The computer instructions, when executed, implement the power line
data transmitting method in Embodiment 3. For specific operations, reference may be made to
Embodiment 3, which is not described herein again.

[0054] Embodiment 5

[0055] In the embodiment, a zero crossing point signal output apparatus is provided. The
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apparatus corresponds to the zero crossing point signal output method in Embodiment 1, and
thus details thereof are not repeated herein and only a brief description is provided. In an
optional implementation of the embodiment, for specific operations performed by each unit in
the zero crossing point signal output apparatus, reference may be made to Embodiment 1.
[0056] In the embodiment, the zero crossing point signal output apparatus may be included
in any communication terminal in power line communications, for example, a camera, a
Personal Computer (PC), a server, or the like, or may be an independent device.

[0057] FIG. 6 illustrates an optional zero crossing point signal output apparatus 300 of the
present embodiment, including: a receiving module 301, a sampling module 302, a calculating
module 303 and an outputting module 304.

[0058] The receiving module 301 is configured to continuously receive zero crossing point
square wave signals input by a zero-crossing detection circuit.

[0059] The sampling module 302 is configured to periodically sample each zero crossing
point square wave signal at a predetermined sampling frequency.

[0060] The calculating module 303 is configured to acquire a sampling number of each zero
crossing point square wave signal in 15t to M zero crossing point square wave signals to obtain
sampling numbers of M zero crossing point square wave signals, calculate an average value of
the sampling numbers of the M zero crossing point square wave signals to obtain an average
sampling number S, and calculate a first zero crossing point interval T1 based on the average
sampling number S and the predetermined sampling frequency; and set a zero crossing point
signal output interval as the first zero crossing point interval T1, wherein M is a predetermined
value and is a positive integer greater than or equal to 1.

[0061] The outputting module 304 is configured to continuously output zero crossing point
signals with an interval being the zero crossing point signal output interval.

[0062] The calculating module 303 is further configured to obtain a sampling number of
each zero crossing point square wave signal in M+1"" to M+N™ zero crossing point square wave
signals to obtain sampling numbers of N zero crossing point square wave signals, calculate a
difference value between each of the sampling numbers of the N zero crossing point square
wave signals and the average sampling number S to obtain N sampling number difference

values, and sum the N sampling number difference values to obtain an accumulated difference
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value As, where N is a predetermined value and is a positive integer greater than or equal to 1;
calculate, when As is not within a predetermined change range, a second zero crossing point
interval T2 in accordance with a predetermined rule, and set the zero crossing point signal
output interval as the second zero crossing point interval T2; and when As is within the
predetermined change range, keep the zero crossing point signal output interval unchanged.
[0063] As a preferred implementation of the embodiment, the zero crossing point signal
output apparatus 300 of the embodiment further includes a filtering module (not shown). The
filtering module is configured to, subsequent to the receiving module continuously receiving
the zero crossing point square wave signals input by the zero-crossing detection circuit, perform
filtering on each of the received zero crossing point square wave signals to filter out high-
frequency noise in each zero crossing point square wave signal. In the optional implementation,
the zero crossing point square wave signals are periodically sampled after using the filtering
module to filter the high-frequency noise out, so that misjudgment of the zero crossing point
square wave signals caused by the existence of the high-frequency noise and hence incorrect
sampling results due to the misjudgment are avoided.

As a preferred implementation of the embodiment, the calculating module 303 being
configured to calculate, when As is not within the predetermined change range, the corrected
zero crossing point interval T2 in accordance with the second predetermined rule includes: the
calculating module 303 being configured to calculate T2 = T1-At when As is smaller than a
minimum value of the predetermined change range, and calculate T2 = T1+ At when As is
greater than a maximum value of the predetermined change range, wherein At is a
predetermined correction value. For example, the predetermined change range is [-5,5], the
predetermined correction value At is 0.00005s; when As = -7, that is, As is smaller than the
minimum value of the predetermined change range, the second zero crossing point interval T2=
T1- At=0.00975s-0.00005s =0.0097s; and when As =14, that is, As is greater than the maximum
value of the predetermined change range, the second zero crossing point interval T2=T1 +At =
0.0098s. In the optional implementation, the zero crossing point signal output interval is
corrected by setting the predetermined correction value At instead of directly setting the zero
crossing point signal output interval based on the sampling numbers of the zero crossing point

square wave signals, thereby avoiding an inaccurate zero crossing point signal output interval,
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which results from great fluctuation and large error in the output zero crossing point square
wave signals of the zero-crossing detection circuit due to its components being affected by
environmental changes and the like.

[0064] According to the technical solutions provided by the present disclosure, the present
embodiment provides a zero crossing point signal output apparatus 300. After the receiving
module 301 receives the zero crossing point square wave signals input by the zero-crossing
detection circuit, the sampling module 302 periodically samples the zero crossing point square
wave signals, the calculating module 303 obtains an average sampling number by calculating
the sampling number of each zero crossing point square wave signal in the 1% to M" zero
crossing point square wave signals, and obtains a zero crossing point signal output interval
based on the average sampling number and a predetermined sampling frequency, the outputting
module 304 outputs zero crossing point signals based on the zero crossing point signal output
interval, the calculating module 303 continuously calculates sampling numbers of subsequent
zero crossing point square wave signals, the zero crossing point signal output interval is
adjusted based on the subsequent zero crossing point square wave signals, and the outputting
module 304 outputs the zero crossing point signals based on the adjusted result. By using the
apparatus to correct the detection result of the zero-crossing detection circuit and output the
zero crossing point signals, the zero crossing point signals output by the apparatus have small
errors, and when such zero crossing point signals are used for conducting power line
communications, the problem of low zero crossing point communication efficiency caused by
a large error in the detection result of the zero-crossing detection circuit is avoided, and the
communication efficiency is improved.

[0065] Embodiment 6

[0066] The embodiment provides a power line data transmitting device, which includes the
zero crossing point signal output apparatus 300 in Embodiment 5. The device corresponds to
the power line data transmitting method in Embodiment 3, and thus details of the same parts
are not repeated herein and only a brief description is provided. In an optional implementation
of the embodiment, for the specific operations performed by each unit in the power line data
transmitting device, reference may be made to Embodiments 3 and 5.

[0067] In the embodiment, the power line data transmitting device may be any
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communication terminal in power line communications, for example, a camera, a PC, a server,
etc., and may also be included in another terminal device.

[0068] FIG. 7 is an optional power line data transmitting device 400 of the embodiment,
which includes the zero crossing point signal output apparatus 300 disclosed in Embodiment 5,
and a data outputting module 401.

[0069] The data outputting module 401 is configured to, subsequent to receiving the zero
crossing point signals with the interval being the zero crossing point signal output interval
which are continuously output by the outputting module 304, determine a 1st zero crossing
point time t based on the zero crossing point signals, and determine a start time of transmitting
a synchronization signal of a data packet to be transmitted based on the 1st zero crossing point
time, wherein the start time of transmitting the synchronization signal of the data packet to be
transmitted is t+ty, t+t; is earlier than a 2nd zero crossing point time t+T, t+T is included in a
time period from a time point of transmitting a first synchronization bit signal to a time point
of transmitting a last synchronization bit signal, and t1 is a first predetermined fixed value; and
sequentially transmit data bit signals of the data packet to be transmitted.

[0070] According to the above technical solutions provided by the present disclosure, the
embodiment provides a power line data transmitting device 400, which includes the zero
crossing point signal output apparatus 300 in Embodiment 5. After the receiving module 301
receives zero crossing point square wave signals input by the zero-crossing detection circuit,
the sampling module 302 periodically samples the zero crossing point square wave signals, the
calculating module 303 obtains an average sampling number by calculating the sampling
number of each zero crossing point square wave signal from the 1% to the M™ zero crossing
point square wave signal, and obtains a zero crossing point signal output interval based on the
average sampling number and a predetermined sampling frequency, the outputting module 304
outputs zero crossing point signals based on the zero crossing point signal output interval, the
data outputting module 401 determines a zero crossing point time based on the zero crossing
point signals, and determines a start time of transmitting a synchronization signal of a data
packet to be transmitted, so that the zero crossing point time is contained in a time period for
transmitting the synchronization signal, the calculating module 303 continuously calculates the

sampling numbers of the subsequent zero crossing point square wave signals, and adjusts the
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zero crossing point signal output interval based on the subsequent zero crossing point square
wave signals, and the outputting module 304 outputs the zero crossing point signals based on
the adjusted result. By using the device to correct the detection result of the zero-crossing
detection circuit and output the zero crossing point signals, when the zero crossing point signals
output by the device are used to conduct power line communications, the problem of low zero
crossing point communication efficiency caused by a large error in the detection result of the
zero-crossing detection circuit is avoided, and the communication efficiency is improved.
Meanwhile, the zero crossing point signal is contained in the time period for transmitting the
synchronization signal of the data packet to be transmitted, so that a receiving end can determine
whether received signals are near a zero crossing point and determine whether the signals are
the synchronization signal, and thus information can be transmitted efficiently and completely.
[0071] Although explanatory embodiments have been shown and described, it would be
appreciated by those skilled in the art that the above embodiments cannot be construed to limit
the present disclosure, and changes, alternatives, and modifications can be made to the
embodiments within the scope of the present disclosure by those skilled in the art, without
departing from the principle and purpose of the present disclosure. The scope of the present

disclosure is defined by the appended claims and equivalents thereof.
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CLAIMS

What is claimed is:

1. A zero crossing point signal output method, comprising:

continuously receiving zero crossing point square wave signals input by a zero-crossing
detection circuit, and periodically sampling each zero crossing point square wave signal at a
predetermined sampling frequency;

acquiring a sampling number of each zero crossing point square wave signal in 1% to M™
zero crossing point square wave signals to obtain sampling numbers of M zero crossing point
square wave signals, calculating an average value of the sampling numbers of the M zero
crossing point square wave signals to obtain an average sampling number S, and calculating a
first zero crossing point interval T1 based on the average sampling number S and the
predetermined sampling frequency; and setting a zero crossing point signal output interval as
the first zero crossing point interval T1, where M is a predetermined value and is a positive
integer greater than or equal to 1;

continuously outputting zero crossing point signals with an interval being the zero
crossing point signal output interval; obtaining a sampling number of each zero crossing
point square wave signal in M+1™" to M+N™" zero crossing point square wave signals to obtain
sampling numbers of N zero crossing point square wave signals, calculating a difference
value between each of the sampling numbers of the N zero crossing point square wave
signals and the average sampling number S to obtain N sampling number difference values,
and summing the N sampling number difference values to obtain an accumulated difference
value As, where N is a predetermined value and is a positive integer greater than or equal to
1

calculating, when As is not within a predetermined change range, a second zero crossing
point interval T2 in accordance with a predetermined rule, and setting the zero crossing point
signal output interval as the second zero crossing point interval T2; and when As is within the
predetermined change range, keeping the zero crossing point signal output interval
unchanged, wherein the predetermined change range is [-5,5]; and

continuously outputting zero crossing point signals with an interval being the zero
crossing point signal output interval.

2. The method according to claim 1, wherein said continuously receiving the zero
crossing point square wave signals input by the zero-crossing detection circuit, and
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periodically sampling each zero crossing point square wave signal at the predetermined
sampling frequency comprises:

continuously receiving the zero crossing point square wave signals input by the
zero-crossing detection circuit, performing filtering on each of the received zero crossing
point square wave signals to filter out high-frequency noise in each zero crossing point square
wave signal, and periodically sampling each zero crossing point square wave signal at the
predetermined sampling frequency.

3. The method according to claim 1, wherein said calculating, when As is not within the
predetermined change range, the corrected zero crossing point interval T2 in accordance with
the second predetermined rule comprises:

calculating T2 = T1-At when As is smaller than a minimum value of the predetermined
change range, and calculating T2 = T1+ At when As is greater than a maximum value of the
predetermined change range, wherein At is a predetermined correction value.

4. A computer readable storage medium, comprising computer instructions, wherein the
computer instructions, when executed, implement the zero crossing point signal output
method according to any one of claims 1 to 3.

5. A power line data transmitting method, comprising the zero crossing point signal
output method according to any one of claims 1 to 3, and further comprising: subsequent to
said continuously outputting the zero crossing point signals with the interval being the zero
crossing point signal output interval T,

determining a 1% zero crossing point time t based on the zero crossing point signals, and
determining a start time of transmitting a synchronization signal of a data packet to be
transmitted based on the 1 zero crossing point time, wherein the start time of transmitting
the synchronization signal of the data packet to be transmitted is t+t1, t+t1 is earlier than a 2"
zero crossing point time t+T, t+T is contained in a time period from a time point of
transmitting a first synchronization bit signal to a time point of transmitting a last
synchronization bit signal, and t1 is a first predetermined fixed value; and sequentially
transmitting data bit signals of the data packet to be transmitted.

6. A computer readable storage medium comprising computer instructions, wherein the
computer instructions, when executed, implement the power line data transmitting method
according to claim 5.

7. A zero crossing point signal output apparatus, comprising:

a receiving module configured to continuously receive zero crossing point square wave

signals input by a zero-crossing detection circuit;
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a sampling module configured to periodically sample each zero crossing point square
wave signal at a predetermined sampling frequency;

a calculating module configured to acquire a sampling number of each zero crossing
point square wave signal in 1% to M™ zero crossing point square wave signals to obtain
sampling numbers of M zero crossing point square wave signals, calculate an average value
of the sampling numbers of the M zero crossing point square wave signals to obtain an
average sampling number S, and calculate a first zero crossing point interval T1 based on the
average sampling number S and the predetermined sampling frequency; and set a zero
crossing point signal output interval as the first zero crossing point interval T1, wherein M is
a predetermined value and is a positive integer greater than or equal to 1; and

an outputting module configured to continuously output zero crossing point signals with
an interval being the zero crossing point signal output interval,

wherein the calculating module is further configured to obtain a sampling number of
each zero crossing point square wave signal in M+1" to M+N™ zero crossing point square
wave signals to obtain sampling numbers of N zero crossing point square wave signals,
calculate a difference value between each of the sampling numbers of the N zero crossing
point square wave signals and the average sampling number S to obtain N sampling number
difference values, and sum the N sampling number difference values to obtain an
accumulated difference value As, where N is a predetermined value and is a positive integer
greater than or equal to 1; calculate, when As is not within a predetermined change range, a
second zero crossing point interval T2 in accordance with a predetermined rule, and set the
zero crossing point signal output interval as the second zero crossing point interval T2; and
when As is within the predetermined change range, keep the zero crossing point signal output
interval unchanged, wherein the predetermined change range is [-5,5].

8. The zero crossing point signal output apparatus according to claim 7, further
comprising:

a filtering module configured to, subsequent to the receiving module continuously
receiving the zero crossing point square wave signals input by the zero-crossing detection
circuit, perform filtering on each of the received zero crossing point square wave signals to
filter out high-frequency noise in each zero crossing point square wave signal.

9. The zero crossing point signal output apparatus according to claim 7, wherein the
calculating module being configured to calculate, when As is not within the predetermined
change range, the corrected zero crossing point interval T2 in accordance with the second

predetermined rule comprises:
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the calculating module being configured to calculate T2 = T1-At when As is smaller than
a minimum value of the predetermined change range, and calculate T2 = T1+ At when As is
greater than a maximum value of the predetermined change range, wherein At is a
predetermined correction value.

10. A power line data transmitting device, comprising:

the zero crossing point signal output apparatus of any one of claims 7 to 9; and

a data outputting module configured to, subsequent to receiving the zero crossing point
signals with the interval being the zero crossing point signal output interval which are
continuously output by the outputting module, determine a 1st zero crossing point time t
based on the zero crossing point signals, and determine a start time of transmitting a
synchronization signal of a data packet to be transmitted based on the 1st zero crossing point
time, wherein the start time of transmitting the synchronization signal of the data packet to be
transmitted is t+t1, t+t1 is earlier than a 2nd zero crossing point time t+T, t+T is comprised in
a time period from a time point of transmitting a first synchronization bit signal to a time
point of transmitting a last synchronization bit signal, and t1 is a first predetermined fixed
value; and sequentially transmit data bit signals of the data packet to be transmitted.
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