CLOCK CRYSTAL OSCILLATOR SYNCHRONIZATION METHOD, APPARATUS

AND SYSTEM

TECHNICAL FIELD
[0001] The present application relates to the field of time synchronization, and in particular to
a clock quartz oscillator synchronization method, apparatus and system for calculation,

estimation, correction, compensation of time deviation caused by the clock quartz oscillator.

BACKGROUND

[0002] Before the calculation unit is used for some works such as data analysis, an external
apparatus like a sensor is usually used to collect data to be processed, and transmit it to the
calculation unit to save and wait for processing. All hardware of sensors are provided with clock,
as well as the calculation unit are provided with its own clock, when a connection is established
between the sensor and the calculation unit, it cannot be avoided that the clock of them will be
naturally asynchronous so that the time deviation occurs, which results in large delay or advance
of data transmission between the sensor and the calculation unit.

[0003] A commonly used solution is that the sensor adjusts its clock according to the clock in
calculation unit, which synchronizes the clock in the sensor to the clock in the calculation unit to
reduce the time deviation between the sensor and the calculation unit.

[0004] However, with the gradual development of the use demand and technology of the
project, when a plurality of sensors are in data exchange with a plurality of calculation units, or
different calculation units are needed to be replaced in a project to calculate, it is hard to ensure
that all clocks in each calculation unit can be entirely identical, if the sensor is synchronous with
its connected calculation unit, finally the time of measurement data collected by sensors
connected with different calculation units occurs corresponding deviation, which causes a

difficulty in subsequent processing of measurement data collected by all of the sensors .



SUMMARY
[0005] To reduce the time deviation when one or more sensors and one or more calculation
units are in data exchange together, the present application provides a clock quartz oscillator
synchronization method, system and apparatus for calculation, estimation, correction,
compensation of time deviation caused by the clock quartz oscillator.
[0006] In a first aspect, a clock quartz oscillator synchronization method provided in the
present application adopts the following technical solution:
[0007] A lock quartz oscillator synchronization method, comprising:
[0008] when a calculation unit is in network connection, calculating a first deviation between a
calculation unit time and a network clock time;
[0009] updating a fundamental deviation according to the first deviation;
[0010] updating the calculation unit time and calculating an actual refresh frequency of the
calculation unit according to the fundamental deviation;
[0011] calculating a second deviation between the calculation unit time and a sensor time; and
[0012] according to the second deviation, updating the sensor time and calculating an actual
interruption frequency of the sensor.
[0013] By adopting the above technical solution, firstly the calculation unit time is
synchronized with the network clock time to ensure the accuracy of the calculation unit time,
then the sensor time is synchronized with the calculation unit time to ensure that all sensor times
are kept in synchronization with the network clock time, which can reduce the time deviation
when one or more sensor exchange data via one or more calculation unit, improve the accuracy
and applicability of measurement data , and facilitate the integration and processing of
measurement data.
[0014] Optionally, calculating a first deviation between a calculation unit time and a network
clock time comprises:

[0015] calculating and recording a network delay at intervals of a first preset time; and



[0016] calculating the first deviation between the calculation unit time and the network clock
time according to the network delay at intervals of a second preset time.

[0017] Optionally, calculating and recording a network delay at intervals of a first preset time
comprises:

[0018] sending a request to the network clock, recording a request sending time T'; and

[0019] receiving a response from the network clock, recording a response receiving time T4, a

request receiving time T», and a response sending time T3; wherein, the request receiving time

T, is a time when the network clock receives the request, the response sending time T3 is a time
when the network clock returns the response;

[0020] calculating the network delay d=(T,-T)+(Ts-T3).

[0021] Optionally, calculating the first deviation between the calculation unit time and the
network clock time according to the network delay at intervals of a second preset time
comprises:

[0022] sorting all network delays d in the second present time in an ascending order to
determine a delay data set, and counting a total amount of all network delays d in the second

present time as 1n;

n
[0023] establishing a fundamental data set by, starting from the g-th network delay d,

n
continuously acquiring > values of the network delays in the delay data set;

[0024] according to the fundamental data set, calculating values of operation frequencies and
drift frequencies corresponding to each network delay d in fundamental data set, and

determining an operation frequency difference set and a drift frequency difference set;
[0025] determining a first deviation fitting line according to the operation frequency difference

set and the drift frequency difference set, calculating a first gradient of the first deviation fitting



line, and calculating the first deviation according to the first gradient.

[0026] Optionally, calculating a second deviation between the calculation unit time and a
sensor time comprising:

[0027] obtaining a data sending time every time when the sensor sends the data and a data
receiving time at a time when the calculation unit receives the data, and calculating a first
difference value between each of the data receiving time and the data sending time;

[0028] determining a maximum value of the first difference value within a third preset time at
intervals of a third preset time; and

[0029] at intervals of a fourth preset time, according to each maximum value of the first
difference value in the third preset time and the data sending time corresponding to the
maximum value of the first difference value, calculating the second deviation between the sensor
time and the calculation unit time, wherein the fourth preset time comprises a plurality of the
third preset times.

[0030] Optionally, at intervals of a fourth preset time, according to each maximum value of
the first difference value in the third preset time and the data sending time corresponding to the
maximum value of the first difference value , calculating the second deviation between the
sensor time and the calculation unit time comprising:

[0031] in an interval of the fourth present time, according to the maximum value of the first
difference value in each of the third preset time and the data sending time corresponding to the
maximum value of the first difference, correspondingly determining a first difference value set
and a data sending time set;

[0032] determining a second deviation fitting line according to the first difference value set
and the data sending time set, calculating a second gradient of the second deviation fitting line,
and calculating the second deviation according to the second gradient.

[0033] Optionally, calculating an actual interruption frequency of the sensor comprising:

[0034] calculating an initial interruption time interval t; according to an initial interruption



frequency fo;
[0035] calculating an actual interruption time interval t; according to the interruption time

interval t; and the second deviation X»; wherein, the actual interruption time interval t, =
t;+x,%10° and

[0036] calculating the actual interruption frequency f; according to the actual interruption time
interval t, wherein, the actual interruption frequency f; = —.

2
[0037] In a second aspect, a clock quartz oscillator synchronization apparatus provided in the
present application adopts the following technical solution:
[0038] a clock quartz oscillator synchronization apparatus, comprising a processor, a memory
and an application program stored in the memory and configured to be executed by the processor,
wherein the application program implements the clock quartz oscillator synchronization method
according to the first aspect when being run by the processor.
[0039] By adopting the above technical solution, the apparatus separately synchronizes with
the time of calculation unit and the sensor, after the synchronization, the sensor is able to upload
the data to be processed, collected by itself, to the calculation unit, providing the clock quartz
oscillator synchronization apparatus separately can also facilitate the management of the
apparatus to complete the method in the first aspect.
[0040] In a third aspect, a clock quartz oscillator synchronization system provided in the
present application adopts the following technical solution:
[0041] a clock quartz oscillator synchronization system, comprising a sensor, a calculation
unit and a clock quartz oscillator synchronization apparatus according to the second aspect;
wherein
[0042] the sensor measures and sends a data to be processed; the calculation unit receives the
data to be processed from the sensor;

[0043] when the calculation unit of the clock quartz oscillator synchronization apparatus is in
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network connection, a first deviation between a calculation unit time and a network clock time is
calculated; a fundamental deviation is updated according to the first deviation; the calculation
unit time is updated and an actual refresh frequency of the calculation unit is calculated
according to the fundamental deviation;

[0044] a second deviation between the calculation unit time and a sensor time is calculated;
and

[0045] the sensor time is updated and an actual interruption frequency of the sensor is
calculated.

[0046] By adopting the above technical solution, the clock quartz oscillator synchronization
apparatus in the system separately synchronizes its time with the calculation unit and the sensor.
After the synchronization, the sensor is able to upload the data to be processed, collected by
itself, to the calculation unit, which makes all sensor and calculation unit be in time
synchronization and have no time deviation, so that the reliability of clock synchronization is
improved, and the complexity of calculation is reduced.

[0047] In summary, the present application includes at least one of the following beneficial
technical effects:

[0048] 1. All calculation units participated in the project are in time synchronization with
network clock, then the sensor and the calculation unit are in time synchronization, to ensure all
sensor times and the network times are in synchronization, which reduces the deviation between
each of the sensor measurement data.

[0049] 2. After the time synchronization between the calculation unit and the sensor, the actual
refresh frequency in the apparatus and the actual interruption frequency in the sensor are
adjusted, and the updated actual refresh frequency and the actual interruption frequency will be
used in next synchronization to synchronize, so that the stability of the whole system is

improved, and the calculation complexity is reduced.



BRIEF DESCRIPTION OF THE DRAWINGS
[0050] FIG.1 is a flow chart of the clock quartz oscillator synchronization method according to
embodiment of the present application;
[0051] FIG.2 is a flow chart of the first deviation calculation in the clock quartz oscillator
synchronization method according to embodiment of the present application;
[0052] FIG.3 is a flow chart of the second deviation calculation in the clock quartz oscillator
synchronization method according to embodiment of the present application;
[0053] FIG.4 is a structure diagram of the clock quartz oscillator synchronization apparatus
according to embodiment of the present application;
[0054] FIG.S is a structure diagram of the clock quartz oscillator synchronization system

according to embodiment of the present application.

DESCRIPTION OF THE EMBODIMENTS
[0055] For a clear understanding of purpose, technical solution and advantage in present
application, the present application will be further described in detail in combination with
FIG.1-5 and embodiment. It should be understood that the specific embodiment described herein
is only used to explain present application, and not used to limit present application.
[0056] The embodiment in present application provides a clock quartz oscillator
synchronization method, including:
[0057] when a calculation unit is in network connection, calculating a first deviation between a
calculation unit time and a network clock time;
[0058] updating a fundamental deviation according to the first deviation;
[0059] updating the calculation unit time and calculating an actual refresh frequency of the

calculation unit according to the fundamental deviation



[0060] calculating a second deviation between the calculation unit time and a sensor time; and
[0061] according to the second deviation, updating the sensor time and calculating an actual
interruption frequency of the sensor.

[0062] Referring to FIG.1, as one of embodiment of the clock quartz oscillator
synchronization method, the method includes:

[0063] S100: when a calculation unit is in network connection, establishing a connection
between the calculation unit and the network clock, calculating a network delay between the
calculation unit and the network clock and recording it at intervals of a first preset time.

[0064] Network clock, taking a Network Time Protocol Server as an example, is an agreement
configured to synchronize the calculation unit, which makes the calculation unit synchronize its

server or clock source and provides a high precision time correction.
[0065] S200: calculating the first deviation X; between the calculation unit time and the

network clock time according to the network delay at intervals of a second preset time. In

particular, a second preset time includes a plurality of first preset time.

[0066] S300: updating a fundamental deviation X¢ according to the first deviation X; and

calculating an actual refresh frequency hy.

[0067] The initial value of the fundamental deviation is zero, after the calculation of first
deviation, if the absolute value of the first deviation is smaller than or equal to a preset threshold
value (for example 100), the value of the first deviation is reasonable, the value of the first
deviation is used to update the fundamental deviation. If the calculated absolute value of the first
deviation is larger than the preset threshold value, the value of the first deviation is unreasonable,
which is not used for update of the fundamental deviation. Tick frequency is an index of clock,
which represents a refresh frequency of clock within one second in the calculation unit, and an
interruption frequency of clock within one second in the sensor.

[0068] S400: updating a fundamental deviation according to the first deviation, particularly the

updated calculation unit time is equal to the sum of the calculation unit time and fundamental
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deviation before update.

[0069] S500: when being connected with the sensor, continuously obtaining a data sending
time of the sensor and a data receiving time when the calculation unit receive the corresponding
data, calculating a first difference value between each of the data receiving time and the data
sending time, determining a maximum value of the first difference value within a third preset
time at intervals of the third preset time.

[0070] The data receiving time represents to the time when the sensor sends the data, which is
measured by itself and to be processed, to the calculation unit, the data receiving time represents
to the time when the calculation unit receives the data to be processed from the sensor.

[0071] S600: at intervals of a fourth preset time, according to each maximum value of the first
difference value in the third preset time and the corresponding data sending time, calculating the
second deviation X; between the sensor time and the calculation unit time; in particular the
fourth preset time includes a plurality of the third preset times.

[0072] S700: according to the second deviation Xp, updating the sensor time. In particular, the
updated sensor time is equal to the sum of the sensor time and the second deviation before
update.

[0073] S800: according to the second deviation, calculating an actual interruption frequency f;
of the sensor.

[0074] The interruption frequency f of the sensor represents to an interruption frequency of

signal transmission within one second in the sensor, a fundamental interruption frequency is
saved in the sensor.

[0075] In present embodiment, S800 includes:

[0076] calculating an initial interruption time interval t; between two consecutive interruption

according to the initial interruption frequency fo, particularly, initial interruption time interval



[0077] calculating an actual interruption time interval t; according to the interruption time
interval t; and the second deviation X»; wherein, the actual interruption time interval t, =
t1+X2X106;

[0078] calculating the actual interruption frequency f; according to the actual interruption time

interval tp; in particular, the actual interruption frequencyf; = —.
2

[0079] In S100 of embodiment in present application, a network delay calculation method

includes:

[0080] sending a request to the network clock, recording a request sending time T;
[0081] receiving a response from the network clock, recording a response receiving time T4, a
request receiving time T, and a response sending time T3; in particular, the request receiving

time T is a time when the network clock receives the request, the response sending time T3 is a
time when the network clock returns the response;

[0082] calculating the network delay d=(T2-T)+(T4-T3).

[0083] Referring to FIG.2, in S200 of embodiment in present application, a first deviation

calculation method includes:

[0084] S210, sorting all network delays d in the second present time in an ascending order to
determine a delay data set, and counting a total amount of all network delays d in the second

present time as n.

n
[0085] S220, establishing a fundamental data set by, starting from the g-th network delay d,

n
continuously acquiring E values of the network delays in the delay data set.
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[0086] S230, according to the fundamental data set, calculating values of operation tick and
drift tick corresponding to each network delay d in fundamental data set, and determining an

operation tick difference set and a drift tick difference set. In particular, tick is a kind of relative
time unit, which corresponds to a specific time related to the calculation unit.
[0087] S240: determining a first deviation fitting line according to the operation tick

difference set and the drift tick difference set, calculating a first gradient of the first deviation
fitting line, multiplying the first gradient by 10° to obtain the first deviation X between the

calculation unit time and the network clock time.

[0088] Every data in the operation tick difference set are taken as an abscissa, the data
corresponding to the operation tick difference set in the drift tick difference set are taken as an
ordinate to be in linear fitting, the first deviation fitting line is determined, the first gradient of
the first deviation fitting line reflects the ratio between the drift tick variation and the operation
tick variation, which is the first deviation between the calculation unit time and the network
clock time.

[0089] In embodiment of present application, the S230 includes:

[0090] calculating a fundamental time difference t between each calculation unit

corresponding to the network delay d and the NTP system, particularly the formula is that:

_(Ta=T)=(T3=Ty)
2

[0091]

[0092] calculating the operation tick and the drift tick according to the fundamental time
difference, to determine a operation tick set and a drift tick set;

[0093] In particular, the operation tick is equal to the sum of T3 and the fundamental time

(T,=T)+T3+T,
2

difference, particularly:tickmnnmg =T33 +t=

[0094] The drift tick is equal to the difference between T4 and operation tick, particularly,

11



T,—T,—Ts+T,4
2

tiderift = T4 - I'Lickrwrmi?rl‘c_g =

[0095] Each data in operation tick set and drift tick set is correspondingly made difference
with the first data in operation tick set and the drift tick set, to determine an operation rick
difference set and a drift tick difference set.

[0096] In S300 of embodiment in present application, a method for calculating an actual
refresh frequency includes:

[0097] according to an initial refresh frequency hg of the calculation unit, calculating an initial

refresh frequency interval sp; in particular, S, = —; the initial refresh frequency hy is a preset
q y P 157 q y p
0

value;

[0098] according to the initial refresh frequency interval S; and the fundamental deviation Xo,
calculating an actual refresh frequency interval Sy; in particular, S; = S1+Xo;

[0099] according to the actual refresh frequency interval s;, calculating the actual refresh

frequencyh; in particular, h; = —.
S2

[00100] Referring to FIG.3, in embodiment of present application, the S600 includes:

[00101] S610: in an interval of the fourth present time, according to the maximum value of the
first difference value in each third preset time and the data sending time corresponding to the
maximum value of the first difference, correspondingly determining a first difference value set
and a data sending time set.

[00102] Each data in the first difference set is equal to the product of corresponding first

difference value and 10, each data in the data sending time set is a data sending time when the

sensor corresponding to each first difference value sends data to be processed to the calculation
unit.

[00103] S620: determining a second deviation fitting line according to the first difference value
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set and the data sending time set, calculating a second gradient of the second deviation fitting
line, in particular, the second deviation X; between the sensor time and the calculation time is

equal to the second gradient.

[00104] Every data in the data sending time set are taken as an abscissa, the data corresponding
to the data sending time set in the first difference set are taken as an ordinate to be in linear
fitting, the first deviation fitting line is determined, the second gradient of the second deviation
fitting line reflects the ratio between the data sending time and the first difference value, which
is the first deviation between the sensor and the calculation unit.

[00105] The embodiment in present application further provides a clock quartz oscillator
synchronization apparatus, referring to FIG.4, as one embodiment of the clock quartz oscillator
synchronization apparatus, the apparatus includes a memoryll, a processorl2, and an
application program stored in the memoryl1 and configured to be executed by the processorl2,
in which the application program implements the clock quartz oscillator synchronization method
illustrated in above description when being run by the processor12.

[00106] The embodiment in present application provides a clock quartz oscillator
synchronization system, referring to FIG. 5, which includes a clock quartz oscillator
synchronization apparatus10 provided in present embodiment, a sensor20 and calculation unit30,
in which:

[00107] the sensor20, is configured to measure and send a data to be processed;

[00108] the calculation unit30, is configured to receive the data to be processed from the sensor
20;

[00109] clock quartz oscillator synchronization apparatus 10, when the calculation unit 30 is in
network connection, a first deviation between a calculation unit30 time and a network clock time
is calculated; a fundamental deviation is updated according to the first deviation; the calculation
unit30 time is updated and an actual refresh frequency is calculated according to the fundamental

deviation; a second deviation between the calculation unit30 time and a time of the sensor20
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connected to the calculation unit30 is calculated; the sensor20 time is updated and an actual
interruption frequency of the sensor20 is calculated; and the correction between the calculation
unit30 and the sensor20 is completed.

[00110] In embodiment of present application, the clock quartz oscillator synchronization
apparatus10 can be provided on the calculation unit30, the memoryl1 and processor12 of the
clock quartz oscillator synchronization apparatuslO is the memory and processor of the
calculation unit30.

[00111] The above are the preferred embodiments of the present application, and do not limit
the protection scope of the present application, any one of the features disclosed in present
description (including the abstract and the FIGs), unless specially described, can be replaced
with other equivalent or similar alternative features. It means that, unless specially described,

each feature is only an example within a series of equivalent or similar features.
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WHAT IS CLAIMED IS:

1. A clock quartz oscillator synchronization method, characterized in that, comprising:

when a calculation unit is in network connection, calculating a first deviation between a
calculation unit time and a network clock time;

updating a fundamental deviation based on the first deviation;

updating the calculation unit time and calculating an actual refresh frequency of the calculation
unit based on the fundamental deviation;

calculating a second deviation between the calculation unit time and a sensor time; and

updating the sensor time and calculating an actual interruption frequency of the sensor based on
the second deviation.

2. The clock quartz oscillator synchronization method according to claim 1, wherein calculating
a first deviation between a calculation unit time and a network clock time comprises:

calculating and recording a network delay at intervals of a first preset time; and

calculating the first deviation between the calculation unit time and the network clock time based
on the network delay at intervals of a second preset time.

3. The clock quartz oscillator synchronization method according to claim 2, wherein, calculating
and recording a network delay at intervals of a first preset time comprises:

sending a request to a network clock, and recording a request sending time T1; and

receiving a response from the network clock, recording a response receiving time Ta, a request
receiving time T2, and a response sending time T3; wherein,

the request receiving time T is a time when the network clock receives the request, the response

sending time T3 is a time when the network clock returns the response;

calculating the network delay d = (T»-T)+(T4-T3).

4. The clock quartz oscillator synchronization method according to claim 2, wherein calculating
the first deviation between the calculation unit time and the network clock time based on the
network delay at intervals of a second preset time comprises:
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sorting all network delays d during the second present time in ascending order to obtain a delay
data set, and counting a total amount of all network delays d during the second present time as
n;

n
establishing a fundamental data set by, starting from the g-th network delay d, continuously

n
acquiring E values of the network delays in the delay data set;

based on the fundamental data set, calculating an operation frequency and a drift frequency
corresponding to each network delay d in fundamental data set, and obtain an operation

frequency difference set and a drift frequency difference set;

determining a first deviation fitting line based on the operation frequency difference set and the
drift frequency difference set, calculating a first gradient of the first deviation fitting line, and
calculating the first deviation based on the first gradient.

5. The clock quartz oscillator synchronization method according to claim 1, wherein calculating
a second deviation between the calculation unit time and a sensor time comprises:

obtaining a data sending time every time when the sensor sends data and a data receiving time at
which the calculation unit receives the data, and calculating a first difference value between each
of the data receiving time and each of the data sending time;

determining a maximum value of the first difference value within a third preset time at intervals
of the third preset time; and

at intervals of a fourth preset time, based on a maximum value of the first difference value in
each of the third preset time and a data sending time corresponding to the maximum value of the
first difference value, calculating the second deviation between the sensor time and the
calculation unit time, wherein the fourth preset time comprises a plurality of the third preset
time.

6. The clock quartz oscillator synchronization method according to claim 5, wherein, at intervals
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of a fourth preset time, based on a maximum value of the first difference value in each of the
third preset time and a data sending time corresponding to the maximum value of the first
difference value, calculating the second deviation between the sensor time and the calculation
unit time comprises:

in a fourth present time, based on a maximum value of a first difference value in each of the
third preset time and a data sending time corresponding to the maximum value of the first
difference, determining a first difference value set and a data sending time set;

determining a second deviation fitting line based on the first difference value set and the data
sending time set, calculating a second gradient of the second deviation fitting line, and
calculating the second deviation based on the second gradient.

7. The clock quartz oscillator synchronization method according to claim 1, wherein, calculating

an actual interruption frequency of the sensor comprises:

calculating an initial interruption time interval t; based on an initial interruption frequency fo;
calculating an actual interruption time interval t; based on the interruption time interval t; and

the second deviation X»; wherein, the actual interruption time interval t) =t;+X»X 106; and

calculating the actual interruption frequency f) based on the actual interruption time interval t;.

wherein, the actual interruption frequency f; = —
2

8. A clock quartz oscillator synchronization apparatus, comprising: a processor, a memory with a
computer program stored thereon, characterized in that, the computer program is configured to
be executed by the processor to implement the clock quartz oscillator synchronization method
according to any one of claims 1-7.

9. A clock quartz oscillator synchronization system, characterized in that, comprising: a sensor, a
calculation unit and a clock quartz oscillator synchronization apparatus according to claim §&;

the sensor is configured to measure and send data to be processed;

the calculation unit is configured to receive the data to be processed from the sensor;
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the clock quartz oscillator synchronization apparatus is configured to:

when a calculation unit is in network connection, calculate a first deviation between a
calculation unit time and a network clock time;

update a fundamental deviation based on the first deviation;

update the calculation unit time and calculate an actual refresh frequency of the calculation unit
based on the fundamental deviation;

calculate a second deviation between the calculation unit time and a sensor time; and

update the sensor time and calculate an actual interruption frequency of the sensor based on the

second deviation.

18



