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METHOD AND SYSTEM FOR 
PRECISE-CLOCKSYNCHRONIZATION, AND 

DEVICE FOR PRECISE-CLOCK 
FREQUENCY/TIME SYNCHRONIZATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to Chinese Patent 
Application No. 200810224615.7, filed Oct. 21, 2008, the 
content of which is hereby incorporated by reference in its 
entirety. 

FIELD OF THE TECHNOLOGY 

0002 The present invention relates to the field of commu 
nication technology, and more particularly, to a method and 
system for precise-clock synchronization and a device for 
precise-clock frequency/time synchronization. 

BACKGROUND OF THE INVENTION 

0003 IP-based communication networks have not 
reduced demands for clock synchronization. On the contrary, 
for demands of cost, safety, and services, the IP clock Syn 
chronization becomes more and more important. Among the 
various existing IP clock technologies, such as circuit emu 
lation services over packet switched (CESoP), timing over 
packet (ToP), network time protocol (NTP), the ToP technol 
ogy is a relatively new technology. For the IP clock technol 
ogy, the IEEE also introduced an IEEE 1588 precision time 
protocol (PTP) standard. The IEEE 1588 PTP not only inher 
its the characteristics of performing frequency synchroniza 
tion on master and slave clocks in the technology above, but 
also implements time synchronization, that is, phase synchro 
nization. 

0004. However, in the IEEE 1588 PTP, it is necessary to 
collect all time stamps transmitted between the master clock 
and the slave clock. The time stamps are stamped by the time 
stamp engines located at the master clock side and the slave 
clock side. The time stamps mainly include transmitting time 
and receiving time of information Such as a synchronous 
packet (Sync packet), follow up information (Follow Up 
information), delay request packet (Delay Req), and a delay 
response packet (Delay Resp). The frequency synchroniza 
tion adjustment and time synchronization adjustment of the 
master clock and the slave clock can be performed only after 
collecting Sufficient information of time stamps between the 
master clock and the slave clock. 
0005. In the process of implementing the present inven 

tion, the inventor finds that there are at least the following 
disadvantages in the conventional art. Too much link band 
width resources are occupied in the foresaid process. Espe 
cially, when the network transmission conditions are deterio 
rated and the frequency of transmitting packets needs to be 
increased for frequency synchronization, Such a disadvantage 
that the clock synchronization occupies too much link band 
width resources becomes more apparent. In addition, when 
only one time stamp engine exists at the slave clock side, the 
time of stamping a time stamp at a local position of the slave 
clock has to be different from the time of the local frequency 
synchronization; otherwise, due to the local frequency adjust 
ment, the value of the local time stamp is influenced. There 
fore, correct calculation is notable to be performed according 
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to the obtained time stamps, and the frequency synchroniza 
tion/time synchronization is thus influenced. 

SUMMARY OF THE INVENTION 

0006 Embodiments of the present invention provide a 
precise-clock synchronization method and system and a pre 
cise-clock frequency/time synchronization device, so that the 
frequency synchronization and time synchronization of the 
clocks do not interfere with each other, and the occupied link 
bandwidth resources are greatly reduced. 
0007. In an embodiment, the present invention provides a 
precise-clock synchronization method, which includes the 
following steps. 
0008. A time stamp is obtained. The time stamp includes 
at least an original time stamp about the time when a master 
clock side transmits each synchronous packet (Sync packet) 
and a relative arrival time stamp about the time that a slave 
clock side receives each Sync packet. 
0009. It is judged whether a clock frequency at the slave 
clock side and a clock frequency at the master clock side are 
synchronous or not according to each original time stamp and 
the corresponding relative arrival time stamp. 
0010. If the clock frequency at the slave clock side and the 
clock frequency at the master clock side are asynchronous, 
the clock frequency at the slave clock side is adjusted to 
become synchronous with the clock frequency at the master 
clock side. 
0011. In another embodiment, the present invention pro 
vides a precise-clock frequency synchronization device. The 
precise-clock frequency synchronization device includes a 
relative time stamp engine, a first obtaining module, a judging 
module, and a frequency adjusting module. 
0012. The relative time stamp engine is adapted to provide 
a relative arrival time stamp about the time when a slave clock 
side receives a Sync packet. 
0013 The first obtaining module is adapted to obtain a 
time stamp. The time stamp includes at least an original time 
stamp about the time when the master clock side transmits 
each Sync packet and a relative arrival time stamp about the 
time when the slave clock side receives each Sync packet. 
0014. The judging module is adapted to judge whether a 
clock frequency at the slave clock side and a clock frequency 
at the master clock side are synchronous or not according to 
each original time stamp and its corresponding relative arrival 
time stamp. 
0015 The frequency adjusting module is adapted to adjust 
the clock frequency at the slave clock side to be synchronous 
with the clock frequency at the master clock side if the clock 
frequency at the slave clock side and the clock frequency at 
the master clock side are asynchronous. 
0016. In another embodiment, the present invention pro 
vides a precise-clock time synchronization device. The pre 
cise-clock time synchronization device includes an absolute 
time stamp engine, a second obtaining module, a second 
calculating module, and a time adjusting module. 
0017. The absolute time stamp engine is adapted to pro 
vide an absolute arrival time stamp about the time when a 
slave clock side receives a Sync packet and a delay request 
packet (Delay Req) time stamp about the time when the slave 
clock side transmits a Delay Req. 
0018. The second obtaining module is adapted to obtain a 
time stamp including an original time stamp and an absolute 
arrival time stamp of the Sync packet transmitted by the 
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master clock side, a Delay Resp time stamp transmitted by 
the master clock side, and a Delay Req time stamp transmit 
ted by the slave clock side. 
0019. The second calculating module is adapted to calcu 
late a time offset according to the obtained original time 
stamp, absolute arrival time stamp, Delay Req time stamp, 
and Delay Resp time stamp. 
0020. The time adjusting module is adapted to adjust the 
clock time at the slave clock side to be synchronous with the 
clock time at the master clock side by using the time offset. 
0021. In another embodiment, the present invention pro 
vides a precise-clock synchronization system. The precise 
clock synchronization system includes a precise-clock fre 
quency synchronization device and a precise-clock time 
synchronization device. 
0022. The precise-clock frequency synchronization 
device is adapted to adjust a clock frequency at a slave clock 
side to be synchronous with a clock frequency at the master 
clock side according to an original time stamp about the time 
when the master clock side transmits a Sync packet and a 
relative arrival time stamp about the time when the slave clock 
side receives the Sync packet. 
0023 The precise-clock time synchronization device is 
adapted to calculate a time offset according to the original 
time stamp of the Sync packet and an absolute arrival time 
stamp about the time when the slave clock side receives the 
Sync packet, as well as a Delay Req time stamp and Delay 
Resp time stamp, and to adjust the clock time at the slave 
clock side to be synchronous with the clock time at the master 
clock side by using the time offset. 
0024. As can be seen from the technical solution above, in 
the embodiments of the present invention, the precise-clock 
synchronization method and system and the precise-clock 
frequency/time synchronization device may accomplish fre 
quency synchronization and time synchronization of the mas 
ter clock and the slave clock independently by using time 
stamps provided by two different time stamp engines, so that 
the frequency synchronization and time synchronization of 
the clocks do not interfere with each other, thus greatly reduc 
ing the occupied link bandwidth resources. 
0025. The present invention is further illustrated in detail 
below through specific embodiments with reference to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. To illustrate the technical solutions according to the 
embodiments of the present disclosure more clearly, the 
accompanying figures for describing the embodiments are 
introduced briefly in the following. Apparently, the accom 
panying drawings in the following description are only some 
embodiments of the present disclosure; persons of ordinary 
skill in the art can derive other drawings according to the 
accompanying drawings without paying any creative efforts. 
0027 FIG. 1 is a schematic structural view of a synchro 
nization message exchange scheme of the IEEE 1588 PTP, 
0028 FIG. 2 is a schematic flow chart of a common pre 
cise-clock synchronization method; 
0029 FIG. 3 is a schematic flow chart of a precise-clock 
synchronization method according to a first embodiment of 
the present invention; 
0030 FIG. 4 is a schematic flow chart of a precise-clock 
synchronization method according to a second embodiment 
of the present invention; 
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0031 FIG. 5 is another schematic flow chart of the pre 
cise-clock synchronization method according to the second 
embodiment of the present invention; 
0032 FIG. 6 is a schematic flow chart of a precise-clock 
synchronization method according to a third embodiment of 
the present invention; 
0033 FIG. 7 is a schematic flow chart of a precise-clock 
synchronization method according to a fourth embodiment of 
the present invention; 
0034 FIG. 8 is a schematic structural view of a precise 
clock frequency synchronization device according to an 
embodiment of the present invention; 
0035 FIG. 9 is a schematic structural view of a precise 
clock time synchronization device according to an embodi 
ment of the present invention; and 
0036 FIG. 10 is a schematic structural view of a precise 
clock synchronization system according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0037. The technical solutions in the embodiments of the 
present invention are described clearly below with reference 
to the accompanying drawings in the embodiments of the 
present invention. Apparently, the described embodiments 
are only apart of embodiments of the present invention, rather 
than all the embodiments. On the basis of the embodiments of 
the present invention, all the other embodiments obtained by 
those of ordinary skill in the art without carrying out creative 
activities fall within the protection scope of the present inven 
tion. 
0038 FIG. 1 is a schematic structural view of a synchro 
nization message exchange scheme of the IEEE 1588 PTP. 
Referring to FIG. 1, the simple descriptions are provided as 
follows. 
0039 First, a master clock transmits a certain synchronous 
packet (Sync packet) periodically, usually once every two 
seconds. The Sync packet includes a time stamp precisely 
describing an estimated time of transmitting a data packet. A 
slave clock measures an accurate receiving time t2 for receiv 
ing the Sync packet. As the Sync packet includes the esti 
mated time of transmitting the data packet instead of a prac 
tical time, the master clock further transmits a piece of 
Follow Up information after transmitting the Sync packet. 
The Follow Up information is added with a time stamp accu 
rately recording a practical time t1 of transmitting the Sync 
packet. In Such a manner, the slave clock obtains the time 
stamps t1 and t2 after receiving the Follow Up information. 
0040 Subsequently, the slave clock transmits a delay 
request packet (Delay Req) at a time t3 after the Sync packet 
is received. After the master clock receives the Delay Req, 
the master clock carries a time stamp including an accurate 
receiving time ta in a delay response packet (Delay Resp) 
and transmits the Delay Resp to the slave clock. In this way, 
the slave clock obtains the time stamps t1, t2, and t3 when 
transmitting the Delay Req, and obtains time stamps t1, t2, 
t3, and ta when receiving the Delay Resp. 
0041. The slave clock calculates a time offset between the 
master clock and the slave clock, and a delay of the transmis 
sion link by using the collected t1, t2, t3, and ta. The time 
offset between the master clock and the slave clock is a value 
of “A” in FIG. 1, and is used to modify a time difference 
between the master clock and the slave clock. The delay of the 
transmission link is a value of “Delay in FIG. 1, and is used 
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to measure a delay time caused by the network transmission. 
The slave clock utilizes a clock restoration algorithm through 
the two values, so that the master clock and the slave clock 
become synchronous in time and frequency. 
0042. It should be noted that, the Delay Req is transmitted 
randomly, and has no time limits. Also, in the whole process 
of measurement, it is assumed that the transmission medium 
is uniform and symmetric. 
0043 FIG. 2 is a schematic flow chart of a common pre 
cise-clock synchronization method. Referring to FIG. 2, 
when the exchange of synchronization messages in FIG. 1 is 
finished, the following steps are performed locally, that is, at 
the slave clock side. 
0044. In step 201, a time stamp is obtained. That is, four 
time stamps t1, t2, t3, and ta are obtained. 
0045. The t2 and t3 are obtained from a local absolute time 
stamp engine. The time represented in the absolute time 
stamp engine is an absolute time, which has to be synchro 
nous with the master clock. 
0046. In step 202, a time offset is calculated periodically. 
0047. In step 203, time adjustment is performed on the 
slave clock by directly using the time offset calculated each 
time, so as to make the time of the slave clock synchronous 
with the time of the master clock, and update the time of the 
absolute time stamp engine synchronously. 
0048. In step 204, in a certain period, a statistical calcula 
tion for phase-discrimination results is performed on the mul 
tiple time offsets obtained by periodical calculation, so as to 
obtain an optimal time offset. 
0049 Step 204 and step 203 may be performed at the same 
time. 
0050. In step 205, high frequency components in the time 
offset obtained in step 204 are filtered, such as a jitter value of 
the network, or transient value jump occurred due to occa 
sional errors when the time stamp engine processes data, and 
the changing trend of the time offset is monitored. 
0051 Specifically, if the time offset obtained at a later time 

is always greater than the time offset obtained at a former 
time, that is, the time offset is in a forward change, it shows 
that a local drive frequency, that is, the drive frequency of 
slave-clock timing is higher than that of master-clock timing; 
otherwise, the drive frequency of the slave-clock timing is 
lower than that of the master-clock timing. 
0052. In step 206, conversion of reverse control is per 
formed according to the changing trend of the time offset, the 
time offset is converted into a signal that is able to be identi 
fied by a local voltage controlled oscillator (VOC) or direct 
digital synthesizer (DDS), so as to control the adjustment of 
the local oscillator such as the VCO or DDS. As a negative 
feedback loop is used, reverse adjustment is performed, so as 
to realize the frequency synchronization of the master clock 
and the slave clock, and the frequency synchronization result 
is used to update the frequency of the absolute time stamp 
engine synchronously. 
0053. After step 203 and steps 204 to 206 are performed, 
both the time and frequency of the absolute time stamp engine 
are updated. Next time a local time stamp is obtained from the 
absolute time stamp engine after synchronous update, and in 
this embodiment, it is the step of obtaining t2 and t3. Steps 
201 to 206 are continuously repeated, until the frequency and 
time locks a prime reference Source, that is, the master clock. 
0054 The embodiment of precise-clock synchronization 
method is characterized in that, only one absolute time stamp 
engine exists, so the time of the absolute time stamp engine is 
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changed after either time synchronization or frequency syn 
chronization; and all synchronization messages exchanged in 
FIG. 1 need to be processed, so as to obtain the time offset 
required in both frequency restoration (frequency synchroni 
Zation) and time setting (time synchronization). 
0055. The solution in the embodiment of the present 
invention utilizes two time stamp engines. One is a relative 
time stamp engine, which does not need time setting. The 
other one is an absolute time stamp engine representing an 
absolute time. The two time stamp engines are used to per 
form frequency and time synchronization for the masterclock 
and the slave clock respectively, so that the frequency syn 
chronization and the time synchronization of the masterclock 
and the slave clock may be performed independently. Also, 
when frequency synchronization is performed for the relative 
time stamp engine, the synchronization message does not 
need to be processed. 
0056 FIG. 3 is a schematic flow chart of a precise-clock 
synchronization method according to a first embodiment of 
the present invention. Referring to FIG. 3, the precise-clock 
synchronization method includes the following steps. 
0057. In step 301, a time stamp is obtained. The time 
stamp includes at least an original time stamp about the time 
when a master clock side transmits each Sync packet and a 
relative arrival time stamp about the time when each Sync 
packet is received. 
0058. The original time stamp is a time of transmitting the 
Sync packet stamped at the master clock side, that is, the time 
of the master clock. The relative time stamp is a local time 
when the slave clock side receives the Sync packet, that is, the 
time of the slave clock. 
0059. In step 302, it is judged whether a clock frequency at 
the slave clock side is synchronous with a clock frequency at 
the master clock side or not according to each original time 
stamp and its corresponding relative arrival time stamp. 
0060. In step 302, several manners are available for judg 
ing whether the clock frequency at the slave clock side and the 
clock frequency at the master clock side are synchronous or 
not according to each original time stamp and its correspond 
ing relative arrival time stamp. For example, the judgment 
may be formed through a changing trend of a relative delay, 
that is, a changing trend of a time difference between the 
original time stamp and the relative arrival time stamp. Alter 
natively, the judgment may also be formed through compari 
son between a time interval of adjacent original time stamps 
and a time interval of similar adjacent relative arrival time 
stamps, and the like. 
0061. In step 303, if the clock frequency at the slave clock 
side and the clock frequency at the master clock side are 
asynchronous, the clock frequency at the slave clock side is 
adjusted to become synchronous with the clock frequency at 
the master clock side. 
0062. The precise-clock synchronization method pro 
vided in this embodiment is able to be applied in a situation 
not requiring the time synchronization of the master clock 
and the slave clock or having a low requirement on the time 
synchronization or having good time synchronization. As the 
frequency synchronization of the master clock and the slave 
clock may be realized by using the Sync packet only, the 
bandwidth is greatly saved. Especially when the network is 
deteriorated, a packet transmission frequency needs to be 
increased to obtain more sampling points to ensure clock 
synchronization quality, the advantage becomes more appar 
ent. 
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0063 FIG. 4 is a schematic flow chart of a precise-clock 
synchronization method according to a second embodiment 
of the present invention. Referring to FIG. 4, the precise 
clock synchronization method includes the following steps. 
0064. In step 401, a Sync packet transmitted by a master 
clock side is received. 
0065. In step 402, a time stamp is obtained from the Sync 
packet. The time stamp includes an original time stamp about 
the time when the master clock side transmits each Sync 
packet and a relative arrival time stamp about the time when 
each Sync packet is received. 
0066. As shown in FIG. 1, the original time stamp of the 
Sync packet is a time t1 when the master clock side transmits 
the Sync packet. The relative arrival time stamp of the Sync 
packet is transmitted locally, that is, transmitted by the rela 
tive time stamp engine at the slave clock side. The relative 
time stamp engine does not need time setting and is only used 
for frequency synchronization. Therefore, the relative arrival 
time stamp obtained from the relative time stamp engine is 
indicated by t2', denoting a relative arrival time, rather thanan 
absolute arrival time. 
0067. In step 403, a relative delay between the relative 
arrival time stamp t2 and the original time stamp t1 is calcu 
lated. 

0068. The relative delay=the relative arrival time stamp 
t2' the original time stamp t1. Alternatively, the relative 
delay=the original time stamp t1—the relative arrival time 
stamp t2. In the embodiment of the present invention, the 
equation that the relative delay=the relative arrival time stamp 
t2 the original time stamp t1 is used. 
0069. In step 404, a first statistics period is set. Within the 

first statistics period, a minimum relative delay is selected 
from a plurality of calculated relative delays. 
0070. Within a certain statistics period, one minimum 
relative delay is selected from the plurality of relative delays 
calculated by using step 403 many times. The minimum rela 
tive delay represents the best network transmission perfor 
mance, which is able to show the transmission delay charac 
teristic of the physical layer more practically. It is equivalent 
to that the jittering of the network is filtered once. 
0071. In step 405, a second statistics period is set, and a 
changing trend of the minimum relative delay within the 
second statistics period is monitored. 
0072 The second statistics period in step 405 is a time 
period including a plurality of continuous first statistics peri 
ods. Within this time period of the second statistics period, the 
changing trend of the obtained minimum relative delay is 
monitored. The changing trend may include that the value of 
the minimum relative delay gradually increases or decreases. 
0073. In addition, before step 405, the method further 
includes filtering the selected minimum relative delay, so as to 
filter high frequency components. The first statistics period 
and second statistics period may be set by a timer respec 
tively. 
0074. In step 406, it is judged whether the clock frequency 
at the slave clock side and the clock frequency at the master 
clock side are synchronous or not according to the changing 
trend of the minimum relative delay monitored in step 405. 
0075 Specifically, if the values of two adjacent minimum 
relative delays gradually increase or decrease, it indicates that 
the clock frequency at the slave clock side and the clock 
frequency at the master clock side are not synchronous, so 
step 407 is performed. If the value of the minimum relative 
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delay is constant, it indicates that the clock frequency at the 
slave clock side and the clock frequency at the master clock 
side are synchronous. 
0076. In step 407, the clock frequency at the slave clock 
side is adjusted to become synchronous with the clock fre 
quency at the master clock side. 
(0077. In step 406, if it is found that the values of two 
adjacent minimum relative delays gradually increase by sta 
tistics, it indicates that the local relative time stamp engine, 
that is, the relative time stamp engine at the slave clock side 
runs is faster than the time engine at the master clock side, 
denoting that the frequency of the slave clock is higher than 
the frequency of the master clock. On the contrary, it denotes 
that the frequency of the slave clock is lower than the fre 
quency of the master clock. Therefore, if the frequency of the 
slave clock is higher than the frequency of the master clock, in 
step 407, a variation of the minimum relative delay is con 
verted into a signal value that can be identified by the oscil 
lator. The output frequency of the local oscillator is then 
turned slower. The local oscillator may be a VCO or a DDS. 
(0078 FIG. 5 is another schematic flow chart of the pre 
cise-clock synchronization method according to a second 
embodiment of the present invention. Referring to FIG. 5, the 
precise-clock synchronization method includes the following 
steps. 
0079. In step 501, a Sync packet transmitted by a master 
clock side is received. 
0080. In step 502, a time interval of adjacent original time 
stamps and a time interval of similar corresponding adjacent 
relative arrival time stamps are compared. 
I0081. In step 503, it is judged whether a clock frequency at 
a slave clock side and a clock frequency at the master clock 
side are synchronous or not according to a comparison result. 
I0082 It is assumed that a periodic interval that the master 
clock side transmits the Sync packet is ATT. A time interval 
that the slave clock side receives the corresponding Sync 
packet is ATR. If the ATT is not equal to the ATR, it indicates 
that the clock frequency at the slave clock side and the clock 
frequency at the master clock side are asynchronous, and step 
503 is performed. On the contrary, if the intervals are the 
same, it indicates that the clock frequency at the slave clock 
side and the clock frequency at the master clock side are 
synchronous. 
I0083. In step 504, the clock frequency at the slave clock 
side is adjusted to become synchronous with the clock fre 
quency at the master clock side. 
I0084. For the precise-clock synchronization method pro 
vided in this embodiment, the frequency synchronization of 
the slave clock and the masterclock may be performed as long 
as an original time stamp and a relative arrival time stamp of 
the Sync packet are obtained locally, that is, at the slave clock 
side. The method may be applied in a situation having low 
requirement on the time synchronization of clock or having 
good time synchronization, so the bandwidth may be greatly 
saved. Especially, when the network is deteriorated, the 
packet transmission frequency needs to be increased to obtain 
more sampling points to ensure clock synchronization qual 
ity, the advantages becomes more apparent. 
I0085 FIG. 6 is a schematic flow chart of a precise-clock 
synchronization method according to a third embodiment of 
the present invention. Referring to FIG. 6, the differences 
between the flow in FIG. 6 and that in the second embodiment 
shown in FIGS. 4 and 5 are described as follows. The obtained 
time stamp further includes an absolute arrival time stamp, a 
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Delay Req time stamp, and a Delay Resp time stamp of the 
Sync packet. After the frequency synchronization is accom 
plished, the time of the master clock and the slave clock may 
be synchronized according to the calculated time offset. Tak 
ing the precise-clock synchronization method in steps 401 to 
407 as an example, the time synchronization has the follow 
ing two situations. 
0.086. In the first situation, the method further includes the 
following steps after receiving the Sync packet transmitted by 
the master clock side in step 401. 
0087. In step 601, a Delay Req packet is transmitted, and 
a Delay Resp packet returned by the master clock side after 
it receives the Delay Req packet is received. 
0088. In step 602, a time stamp including an absolute 
arrival time stamp, a Delay Req packet time stamp, and a 
Delay Resp packet time stamp of the Sync packet is 
obtained. 
0089. The absolute arrival time stamp, the Delay Req 
time stamp, and the Delay Resp time stamp of the Sync 
packet are an accurate receiving time t2 when the slave clock 
side receives the Sync packet, a time t3 when the slave clock 
transmits the Delay Req, and an accurate receiving timetal of 
the master clock introduced in the synchronization message 
exchange scheme in the IEEE 1588 PTP respectively. 
0090. In step 603, a time offset is calculated according to 
the obtained time stamp. 
0091 At this time, the time stamp used to calculate the 
time offset obtained in step 603 includes the original time 
stamp t1 obtained in step 402, the absolute arrival time stamp 
t2, the Delay Req time stamp t3, and the Delay Resp time 
stamp ta obtained in step 602. The process of calculating the 
time offset according to t1, t2, t3, and tá areas shown in FIGS. 
1 and 2, and the description of which is not repeated here. 
0092. After the synchronization of the clock frequency at 
the slave clock side and the clock frequency at the master 
clock side in step 407 is performed, the method further 
includes step 604, in which a time synchronization enable 
signal is received, and the clock time of the slave clock side is 
adjusted to be synchronous with the clock time at the master 
clock side by using the time offset in step 603. 
0093. In FIG. 6, steps 401 and 601 among the steps are not 
shown. 
0094. In the second situation which is not shown in FIG. 6, 
after step 407 is performed so that the clock frequency at the 
slave clock side and the clock frequency at the master clock 
side are synchronous, the method further includes the follow 
ing steps. 
0095. In step 601', a time synchronization enable signal is 
received. 
0096. In step 602', a Delay Req is transmitted at the time 
when the time synchronization enable signal is received, and 
a Delay Resp returned by the master clock side after it 
receives the Delay Req is received. 
0097. In step 603', a time stamp including an original time 
stamp and an absolute arrival time stamp, a Delay Req time 
stamp, and a Delay Resp time stamp of the Sync packet is 
obtained. 
0098. In step 604', a time offset is calculated according to 
the obtained time stamp. The time stamp includes the original 
time stamp t1, the absolute arrival time stamp t2, the Delay 
Req time stamp t3, and the Delay Resp time stamp ta. 
0099. In step 605', the clock time at the slave clock side is 
adjusted to become synchronous with the clock time at the 
master clock side by using the time offset. 
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0100. As can be seen from the precise-clock synchroniza 
tion method provided in this embodiment, when the time and 
frequency of the master clock and the slave clock need to be 
synchronous, the relative delay time may be calculated 
according to the relative arrival time stamp of the Sync packet 
provided by the relative time stamp engine and the time offset 
may be calculated according to the absolute arrival time 
stamp of the Sync packet provided by the absolute time stamp 
engine at the same time. Next, after the frequencies of the 
master clock and the slave clock are synchronized by using 
the relative delay time, the time of the master clock and the 
slave clock are then synchronized by using the time offset 
according to the enable indication after the frequency syn 
chronization is accomplished. Alternatively, the relative 
delay time may also be calculated first, and the time offset is 
then calculated to perform time synchronization on the mas 
ter clock and the slave clock a relatively long time after the 
frequencies of the master clock and the slave clock are syn 
chronized. In this way, the frequency synchronization and the 
time synchronization may be separately performed and do not 
interfere with each other, thus saving the bandwidth. 
0101 FIG. 7 is a schematic flow chart of a precise-clock 
synchronization method according to a fourth embodiment of 
the present invention. Referring to FIG. 7, the precise-clock 
synchronization method includes the following steps. 
0102. In step 701, a time stamp including an original time 
stamp, an absolute arrival time stamp, and a Delay Resp time 
stamp of a Sync packet transmitted by a master clock side, as 
well as a Delay Req time stamp transmitted by the slave 
clock side are obtained. 
0103) The master clock side transmits the Sync packet. 
The slave clock side transmits a Delay Req after receiving 
the transmitted Sync packet for a set period of time. The 
master clock side transmits a Delay Resp after receiving the 
Delay Req. The slave clock side receives the Delay Resp. 
Time stamps, i.e. the time stamps obtained in step 701 are 
stamped in the packets. 
0104. In step 702, a time offset is calculated according to 
the obtained original time stamp, absolute arrival time stamp, 
Delay Req time stamp, and Delay Resp time stamp. 
0105. In step 703, the clock time at the slave clock side is 
adjusted to become synchronous with the clock time at the 
master clock side by using the time offset. 
0106. In this embodiment, the time of the master clock and 
the slave clock may be synchronized independently by cal 
culating the obtained time stamps. 
0.107 Before the clock time at the slave clock side is 
adjusted by using the time offset in step 703, or before the 
slave clock side transmits the Delay Req, the method may 
further include receiving a time synchronization enable sig 
nal to enable the time synchronization process. The time that 
the time synchronization enable signal is received before the 
slave clock side transmits the Delay Req is a time of the 
arrival set time. The time synchronization enable signal may 
be a completion indication for the synchronization between 
the clock frequency at the slave clock side and the clock 
frequency at the master clock side. From the descriptions of 
the precise-clock synchronization method in the first, second, 
and third embodiments, the method of realizing frequency 
synchronization of the master clock and the slave clock may 
be used in this embodiment to be combined with the time 
synchronization. 
0.108 FIG. 8 is a schematic structural view of a precise 
clock frequency synchronization device according to an 
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embodiment of the present invention. Referring to FIG. 8, the 
precise-clock frequency synchronization device includes a 
relative time stamp engine 81, a first obtaining module 82, a 
judging module 83, and a frequency adjusting module 84. The 
relative time stamp engine 81 provides a relative arrival time 
stamp about the time when the slave clock side receives a 
Sync packet. The first obtaining module 82 obtains a time 
stamp, and the time stamp includes at least an original time 
stamp about the time when the master clock side transmits 
each Sync packet and a relative arrival time stamp about the 
time when the slave clock side receives each Sync packet. The 
judging module 83 judges whether the clock frequency at the 
slave clock side and the clock frequency at the master clock 
side are synchronous or not according to each original time 
stamp and its corresponding relative arrival time stamp. The 
frequency adjusting module 84 adjusts the clock frequency at 
the slave clock side to be synchronous with the clock fre 
quency at the master clock side if the clock frequency at the 
slave clock side and the clock frequency at the master clock 
side are asynchronous. A plurality of manners exists for the 
judging module 83 to judge whether the clock frequency at 
the slave clock side and the clock frequency at the master 
clock side are synchronous or not according to each original 
time stamp and its corresponding relative arrival time stamp. 
For example, the judgment may be formed through a chang 
ing trend of the relative delay, that is, a changing trend of a 
time difference between the original time stamp and the rela 
tive arrival time stamp. Alternatively, the judgment may be 
formed through the comparison between a time interval of the 
adjacent original time stamps and a time interval of similar 
corresponding adjacent relative arrival time stamps, and the 
like. 

0109. In this embodiment, the judging module 83 in the 
precise-clock frequency synchronization device specifically 
includes a first calculating module 831, a comparing/select 
ing module 832, a monitoring module 833, and a change 
judging module 834. The first calculating module 831 calcu 
lates a relative delay between the relative arrival time stamp 
and the original time stamp. The comparing/selecting module 
832 selects a minimum relative delay from a plurality of 
calculated relative delays within a first statistics period. The 
monitoring module 833 monitors changes of the plurality of 
minimum relative delays within a second statistics period. 
The change judging module 834 judges whether the clock 
frequency at the slave clock side and the clock frequency at 
the master clock side are synchronous or not according to a 
changing trend of the plurality of minimum relative delay. If 
values of two adjacent minimum relative delays gradually 
increase or decrease, it indicates that the clock frequency at 
the slave clock side and the clock frequency at the master 
clock side are asynchronous. If a value of the minimum rela 
tive delay is constant, it indicates that the clock frequency at 
the slave clock side and the clock frequency at the master 
clock side are synchronous. The monitoring module 833 fur 
ther has a function of filtering the selected minimum relative 
delays to filter high frequency components. 
0110. In this embodiment, the precise-clock frequency 
synchronization device further includes a timing module 85 
adapted to set the first statistics period and the second statis 
tics period. 
0111. The specific process that the precise-clock fre 
quency synchronization device provided in this embodiment 
performs frequency synchronization of the master clock and 
the slave clock is as described in the embodiments of the 
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methods, which may be separately applied in the situation not 
requiring the time synchronization of the master clock and the 
slave clock or having low requirement on the time synchro 
nization or having good time synchronization. As the use of 
the Sync packet may realize the frequency synchronization of 
the master clock and the slave clock, the bandwidth is greatly 
saved. Especially when the network is deteriorated and packet 
transmission frequency needs to be increased to ensure the 
clock quality, the advantage becomes more apparent. 
0112 FIG. 9 is a schematic structural view of a precise 
clock time synchronization device according to an embodi 
ment of the present invention. Referring to FIG. 9, the pre 
cise-clock time synchronization device includes an absolute 
time stamp engine 91, a second obtaining module 92, a sec 
ond calculating module 93, and a time adjusting module 94. 
The absolute time stamp engine 91 provides an absolute 
arrival time stamp about the time when a slave clock side 
receives a Sync packet and a Delay Req time stamp about the 
time when the slave clock side transmits a Delay Req. The 
second obtaining module 92 obtains a time stamp including 
an original time stamp and an absolute arrival time stamp of 
the Sync packet transmitted by the master clock side, a 
Delay Resp time stamp transmitted by the master clock side, 
and a Delay Req time stamp transmitted by the slave clock 
side. The second calculating module 93 calculates a time 
offset according to the obtained original time stamp, absolute 
arrival time stamp, Delay Req time stamp, and Delay Resp 
time stamp. The time adjusting module 94 adjusts the clock 
time at the slave clock side to be synchronous with the clock 
time at the master clock side by using the time offset. 
0113. In this embodiment, the precise-clock time synchro 
nization device further includes a receiving module 95 
adapted to receive a time synchronization enable signal. 
0114. The specific process that the precise-clock time syn 
chronization device provided in this embodiment performs 
time synchronization of the master clock and the slave clock 
is as described in the methods in the embodiments. The time 
of the master clock and the slave clock may be synchronized 
separately by calculating the obtained time stamps. 
0115 FIG. 10 is a schematic structural view of a precise 
clock synchronization system according to an embodiment of 
the present invention. Referring to FIG. 10, the precise-clock 
synchronization system includes a precise-clock frequency 
synchronization device 8 and a precise-clock time synchro 
nization device 9. The precise-clock frequency synchroniza 
tion device 8 adjusts a clock frequency at a slave clock side to 
be synchronous with a clock frequency at a master clock side 
according to an original time stamp about the time when the 
master clock side transmits a Sync packet and a relative 
arrival time stamp about the time when the slave clock side 
receives the Sync packet. The precise-clock time synchroni 
Zation device 9 calculates a time offset according to the origi 
nal time stamp of the Sync packet and an absolute arrival time 
stamp about the time when the slave clock side receives the 
Sync packet, as well as a Delay Req time stamp and a Delay 
Resp time stamp, and adjusts the clock time at the slave clock 
side to be synchronous with the clock time at the master clock 
side by using the time offset. Specific structures of the pre 
cise-clock frequency synchronization device 8 and the pre 
cise-clock time synchronization device 9 are described in the 
embodiment of the precise-clock frequency synchronization 
device shown in FIG. 8 and the embodiment of the precise 
clock time synchronization device shown in FIG. 9, and the 
descriptions of which are not repeated here. 
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0116. The specific process of the precise-clock synchro 
nization system provided in this embodiment performing fre 
quency synchronization, time synchronization and their com 
bination of the masterclock and the slave clock is as described 
in the embodiments of the methods. When the time and fre 
quency of the master clock and the slave clock need to be 
synchronized, the relative delay time may be calculated 
according to the relative arrival time stamp of the Sync packet 
provided by the relative time stamp engine and the time offset 
may be calculated according to the absolute arrival time 
stamp of the Sync packet provided by the absolute time stamp 
engine at the same time. Next, after the frequencies of the 
master clock and the slave clock are synchronized by using 
the relative delay time, the time of the master clock and the 
slave clock are then synchronized by using the time offset 
according to an enable indication after the frequency syn 
chronization is accomplished. Alternatively, the relative 
delay time may be calculated first, and the time offset is then 
calculated to perform time synchronization of the master 
clock and the slave clock, after accomplishing the frequency 
synchronization of the master clock and the slave clock for a 
long time. In this way, the frequency synchronization and the 
time synchronization may be separately processed and do not 
interfere with each other, thus saving the bandwidth. 
0117 Those of ordinary skill in the art should understand 
that all or a part of processes in the method according to the 
embodiments may be implemented by a computer program 
instructing relevant hardware. The program may be stored in 
a computer readable storage medium. When the program is 
executed, the processes of the methods according to the 
embodiments of the present invention are performed. The 
storage medium may be a magnetic disk, an optical disk, a 
read-only memory (ROM), a random access memory (RAM), 
or the like. 
0118 Finally, it should be noted that the above embodi 
ments are merely provided for describing the technical solu 
tions of the present invention, but not intended to limit the 
present invention. It should be understood by those of ordi 
nary skill in the art that although the present invention has 
been described in detail with reference to the foregoing 
embodiments, modifications can be made to the technical 
Solutions described in the foregoing embodiments, or equiva 
lent replacements can be made to some technical features in 
the technical solutions, and Such modifications or replace 
ments do not cause the essence of corresponding technical 
Solutions to depart from the spirit and scope of the present 
invention. 

What is claimed is: 
1. A precise-clock synchronization method, comprising: 
obtaining a time stamp, wherein the time stamp comprises 

at least an original time stamp about the time when a 
master clock side transmits a Sync packet and a relative 
arrival time stamp about the time when a slave clock side 
receives the Sync packet; 

determining whether a clock frequency at the slave clock 
side is synchronous with a clock frequency at the master 
clock side or not according to the original time stamp 
and its corresponding relative arrival time stamp; 

synchronizing the clock frequency at the slave clock side 
with the clock frequency at the master clock side, if the 
clock frequency at the slave clock side and the clock 
frequency at the master clock side are asynchronous. 
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2. The precise-clock synchronization method according to 
claim 1, wherein the Synchronizing the clock frequency at the 
slave clock side with the clock frequency at the master clock 
side comprises: 

calculating a relative delay between the relative arrival time 
stamp and the original time stamp; 

setting a first statistics period having a minimum relative 
delay selected from a plurality of calculated relative 
delays; 

setting a second statistics period, and monitoring a chang 
ing trend of the minimum relative delay within the sec 
ond statistics period; 

determining whether the clock frequency at the slave clock 
side and the clock frequency at the master clock side are 
synchronous or not according to the changing trend of 
the minimum relative delay. 

3. The precise-clock synchronization method according to 
claim 2, wherein if the clock frequency at the slave clock side 
and the clock frequency at the masterclock side are asynchro 
nous, the method comprises: 

determining that the clock frequency at the slave clock side 
and the clock frequency at the master clock side are not 
synchronous, if the values of two adjacent minimum 
relative delays are not substantially the same. 

4. The precise-clock synchronization method according to 
claim 2, wherein the calculating a relative delay between the 
relative arrival time stamp and the original time stamp com 
prises: 

getting the relative delay through calculating the absolute 
value of the difference between the relative arrival time 
stamp and the original time stamp. 

5. The precise-clock synchronization method according to 
claim 2, wherein before setting the second statistics period, 
the method further comprises: 

filtering the selected minimum relative delay. 
6. The precise-clock synchronization method according to 

claim 1, wherein the determining whether a clock frequency 
at the slave clock side is synchronous with a clock frequency 
at the master clock side or not according to the original time 
stamp and its corresponding relative arrival time stamp com 
prises: 

comparing a time interval of adjacent original time stamps 
with a time interval of similar corresponding adjacent 
relative arrival time stamps; 

determining whethera clock frequency at a slave clock side 
and a clock frequency at the master clock side are syn 
chronous or not according to a comparison result. 

7. The precise-clock synchronization method according to 
claim 6, wherein if the clock frequency at the slave clock side 
and the clock frequency at the masterclock side are asynchro 
nous, the method comprises: 

determining that the clock frequency at the slave clock side 
and the clock frequency at the master clock side are 
asynchronous, if the time interval of original time 
stamps is different from the time interval of relative 
arrival time stamps. 

8. The precise-clock synchronization method according to 
claim 1, wherein obtaining a time stamp comprises: 

receiving the Sync packet transmitted by a master clock 
side; 

transmitting a Delay Req packet, and receiving a Delay 
Resp packet returned by the master clock side after it 
receives the Delay Req packet; 
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obtaining the time stamp including the original time stamp, 
the relative arrival time stamp and an absolute arrival 
time stamp of the Sync packet, a Delay Resp time 
stamp, and a Delay Req time stamp; and 

calculating a time offset according to the original time 
stamp, the absolute arrival time stamp, the Delay Resp 
time stamp, and the Delay Req time stamp. 

9. The precise-clock synchronization method according to 
claim 8, wherein the method further comprises: 

receiving a time synchronization enable signal after the 
synchronization between the clock frequency at the 
slave clock side and the clock frequency at the master 
clock; 

synchronizing the clock time at the slave clock side with 
the clock time at the master clock side by using the time 
offset. 

10. The precise-clock synchronization method according 
to claim 1, wherein the method further comprises: 

receiving a time synchronization enable signal after the 
synchronization between the clock frequency at the 
slave clock side and the clock frequency at the master 
clock side; 

transmitting a Delay Req at the time when the time syn 
chronization enable signal is received, and receiving a 
Delay Resp returned by the master clock side after it 
receives the Delay Req; 

obtaining the time stamp including the original time stamp, 
and an absolute arrival time stamp of the Sync packet, a 
Delay Resp time stamp, and a Delay Req time stamp; 

calculating a time offset according to the original time 
stamp, the absolute arrival time stamp, the Delay Resp 
time stamp, and the Delay Req time stamp; and 

synchronizing the clock time at the slave clock side with 
the clock time at the master clock side by using the time 
offset. 

11. A precise-clock frequency synchronization device, 
comprising: 

a relative time stamp engine, adapted to provide a relative 
arrival time stamp about the time when the slave clock 
side receives a Sync packet; 

a first obtaining module, adapted to obtain a time stamp, 
wherein the time stamp comprises at least an original 
time stamp about the time when the master clock side 
transmits each Sync packet and the relative arrival time 
stamp about the time when the slave clock side receives 
the Sync packet; 

a judging module, adapted to judge whether the clock 
frequency at the slave clock side and the clock frequency 
at the master clock side are synchronous or not accord 
ing to the each original time stamp and its corresponding 
relative arrival time stamp; 

a frequency adjusting module, adapted to synchronize the 
clock frequency at the slave clock side with the clock 
frequency at the masterclock side, if the clock frequency 
at the slave clock side and the clock frequency at the 
master clock side are asynchronous. 

12. The precise-clock frequency synchronization device 
according to claim 11, wherein the judging module com 
prises: 

a first calculating module, adapted to calculate a relative 
delay between the relative arrival time stamp and the 
original time stamp; 
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a comparing/selecting module, adapted to select a mini 
mum relative delay from a plurality of calculated relative 
delays within a first statistics period; 

a monitoring module, adapted to monitor changes of the 
plurality of minimum relative delays within a second 
statistics period; 

a change judging module, adapted to judge whether the 
clock frequency at the slave clock side and the clock 
frequency at the master clock side are synchronous or 
not according to a changing trend of the plurality of 
minimum relative delay. 

13. The precise-clock frequency synchronization device 
according to claim 12, wherein the precise-clock frequency 
synchronization device further comprises a timing module 
adapted to set the first statistics period and the second statis 
tics period. 

14. A precise-clock time synchronization device, compris 
ing: 

an absolute time stamp engine, adapted to provide an abso 
lute arrival time stamp about the time when a slave clock 
side receives a Sync packet and a Delay Req time stamp 
about the time when the slave clock side transmits a 
Delay Req; 

a second obtaining module, adapted to obtain an original 
time stamp and an absolute arrival time stamp of the 
Sync packet transmitted by the master clock side, a 
Delay Resp time stamp transmitted by the master clock 
side, and a Delay Req time stamp transmitted by the 
slave clock side; 

a second calculating module, adapted to calculate a time 
offset according to the obtained original time stamp, the 
absolute arrival time stamp, the Delay Req time stamp, 
and the Delay Resp time stamp; 

a time adjusting module, adapted to synchronize the clock 
time at the slave clock side with the clock time at the 
master clock side by using the time offset. 

15. The precise-clock time synchronization device accord 
ing to claim 14, wherein the precise-clock time synchroniza 
tion device further comprises a receiving module adapted to 
receive a time synchronization enable signal. 

16. A precise-clock synchronization system, comprising: 
a precise-clock frequency synchronization device, adapted 

to synchronize a clock frequency at a slave clock side 
with a clock frequency at a master clock side, according 
to an original time stamp about a time when the master 
clock side transmits a Sync packet and a relative arrival 
time stamp about a time when the slave clock side 
receives the Sync packet; 

a precise-clock time synchronization device, adapted to 
calculate a time offset according to the original time 
stamp of the Sync packet and an absolute arrival time 
stamp about the time when the slave clock side receives 
the Sync packet, as well as a Delay Req time stamp and 
a Delay Resp time stamp, and adjust the clock time at 
the slave clock side to be synchronous with the clock 
time at the master clock side by using the time offset. 

17. The precise-clock synchronization system according to 
claim 16, wherein the precise-clock frequency synchroniza 
tion device comprises: 

a relative time stamp engine, adapted to provide a relative 
arrival time stamp about the time when the slave clock 
side receives the Sync packet; 

a first obtaining module, adapted to obtain a time stamp, 
wherein the time stamp comprises at least the original 
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time stamp about the time when the master clock side 
transmits the Sync packet and the relative arrival time 
stamp about the time when the slave clock side receives 
the Sync packet; 

a judging module, adapted to determine whether the clock 
frequency at the slave clock side and the clock frequency 
at the master clock side are synchronous or not accord 
ing to the original time stamp and its corresponding 
relative arrival time stamp; 

a frequency adjusting module, adapted to synchronize the 
clock frequency at the slave clock side with the clock 
frequency at the masterclock side, if the clock frequency 
at the slave clock side and the clock frequency at the 
master clock side are asynchronous. 

18. The precise-clock synchronization system according to 
claim 16, the precise-clock time synchronization device com 
prises: 

an absolute time stamp engine, adapted to provide an abso 
lute arrival time stamp about the time when the slave 
clock side receives the Sync packet and the Delay Req 
time stamp about the time when the slave clock side 
transmits a Delay Req; 

a second obtaining module, adapted to obtain an original 
time stamp and an absolute arrival time stamp of the 
Sync packet transmitted by the master clock side, a 
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Delay Resp time stamp transmitted by the master clock 
side, and a Delay Req time stamp transmitted by the 
slave clock side; 

a second calculating module, adapted to calculate a time 
offset according to the obtained original time stamp, the 
absolute arrival time stamp, the Delay Req time stamp, 
and the Delay Resp time stamp; 

a time adjusting module, adapted to synchronize the clock 
time at the slave clock side with the clock time at the 
master clock side by using the time offset. 

19. A computer readable media, comprising logic encoded 
in the computer readable media, the logic when executed by 
a processor, instructing the processor to: 

obtain a time stamp, wherein the time stamp comprises at 
least an original time stamp about a time when a master 
clock side transmits each Sync packet and a relative 
arrival time stamp about a time when a slave clock side 
receives each Sync packet; 

judge whether a clock frequency at the slave clock side is 
synchronous with a clock frequency at the master clock 
side or not according to the original time stamp and its 
corresponding relative arrival time stamp; and 

synchronizing the clock frequency at the slave clock side 
with the clock frequency at the master clock side, if the 
clock frequency at the slave clock side and the clock 
frequency at the master clock side are asynchronous. 

c c c c c 


