
US 20220353053A1 
IN 

( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No .: US 2022/0353053 A1 

NAKATA ( 43 ) Pub . Date : Nov. 3 , 2022 
) 

Publication Classification ( 54 ) COMMUNICATION DEVICE , METHOD FOR 
COMMUNICATION DEVICE , AND 
PROGRAM PRODUCT FOR 
COMMUNICATION DEVICE 

( 71 ) Applicant : DENSO CORPORATION , Kariya - city 
( JP ) 

( 72 ) Inventor : Tsuneo NAKATA , Kariya - city ( JP ) 

( 21 ) Appl . No .: 17 / 861,804 

( 51 ) Int . Ci . 
H04L 7/00 ( 2006.01 ) 
H04L 43/0864 ( 2006.01 ) 

( 52 ) U.S. CI . 
CPC H04L 770041 ( 2013.01 ) ; H04L 43/0864 

( 2013.01 ) 
( 57 ) ABSTRACT 
A communication device includes a first clock , a commu 
nication unit , a delay time acquiring unit , a selection unit , 
and a correction unit . The communication unit is configured 
to receive first packets from an outside communication 
device including a second clock and transmit second packets 
to the outside communication device . The delay time acquir 
ing unit is configured to a first delay time and a second delay 
time . The selection unit is configured to select one of the first 
packet and the second packet as a target packet . The cor 
rection unit is configured to calculate a correction value 
based on a first minimum delay time or a second minimum 
delay time , and correct the delay time of the target packet 
using the correction value . 

( 22 ) Filed : Jul . 11 , 2022 

a Related U.S. Application Data 
( 63 ) Continuation of application No. PCT / JP2020 / 

039283 , filed on Oct. 19 , 2020 . 

( 30 ) Foreign Application Priority Data 

Jan. 14 , 2020 ( JP ) 2020-003656 

1 20 
201 

CLOCK 

202 

COMMUNICATION UNIT 

30 : COMMUNICATION NETWORK 10m 
102 

COMMUNICATION UNIT 

CLOCK 1034 
DELAY TIME 
ACQUIRING 106 

MEMORY 

104 1054 
CORRECTION 

UNIT 

En 
SELECTION 

UNIT 



Patent Application Publication Nov. 3 , 2022 Sheet 1 of 10 US 2022/0353053 A1 

FIG . 1 

1 ????? 

2017 
CLOCK 

2024 
COMMUNICATION UNIT 

30 : COMMUNICATION NETWORK 10 
102 

COMMUNICATION UNIT 

CLOCK 1034 
DELAY TIME 
ACQUIRING 1064 

MEMORY 

104m 1057 
CORRECTION SELECTION 

UNIT 



Patent Application Publication Nov. 3 , 2022 Sheet 2 of 10 US 2022/0353053 A1 

FIG . 2A 

Td 
t010 ts10 COMMUNICATION 

DEVICE 10 
10 

XAV COMMUNICATION 
DEVICE 20 t020 t620 6570 

FIG . 2B 
Td . 

tono V10 COMMUNICATION 
DEVICE 10 

XXX COMMUNICATION 
DEVICE 20 

0207 to tS20 

FIG . 3 

Td Tds Tara 
t 10 S 10 tro tho COMMUNICATION 

DEVICE 10 
Mitrat in X 

* te 

COMMUNICATION 
DEVICE 20 to tS20 ts20 ts20 TARGET 

PACKET 20 



Patent Application Publication Nov. 3 , 2022 Sheet 3 of 10 US 2022/0353053 A1 

FIG . 4 

START 

S101 
RECEIVE PACKET 

S1024 
ACQUIRE RECEPTION TIME tr 

S103 
ACQUIRE 

TRANSMISSION TIME ts20 
S1047 

ACQUIRE DELAY TIME Td , 
( tr 0 - S20 ( 

$ 105 
STORE TO , 

END 



Patent Application Publication Nov. 3 , 2022 Sheet 4 of 10 US 2022/0353053 A1 

FIG . 5 

START 

S201 
TARGET PACKET SELECTED ? 

YES S202 
ACQUIRE DELAY TIME 
OF TARGET PACKET 

S203 
ACQUIRE MINIMUM DELAY TIME 

S204 . 
CALCULATE 

CORRECTION VALUE a 
BASED ON MINIMUM DELAY TIME 

S205 
CORRECT DELAY TIME OF 
TARGET PACKET USING 
CORRECTION VALUE a 



Patent Application Publication Nov. 3 , 2022 Sheet 5 of 10 US 2022/0353053 A1 

FIG . 6 

COMMUNICATION 
DEVICE 10 

444444444444 COMMUNICATION 
DEVICE 20 

ACTUAL 
DELAY TIME ACTUAL DELAY TIME 

Base 

FIG . 7 
Tds 

to ts 10 ? ( 510 t510 1510 COMMUNICATION 
DEVICE 10 

****** *** 
ott a Wew 

COMMUNICATION 
DEVICE 20 tri20 trzo TARGET 

PACKET 
0720 tr 

Tdsi Toy Tdsz 



Patent Application Publication Nov. 3 , 2022 Sheet 6 of 10 US 2022/0353053 A1 

FIG . 8 

START 

S101 
RECEIVE PACKET 

S102 
ACQUIRE RECEPTION TIME tr 10 

S103 
ACQUIRE 

TRANSMISSION TIME t820 
S104 

ACQUIRE DELAY TIME Td , 
( trto - ts20 ) 

S105 

STORE TO , 

S33 
ACQUIRE DELAY TIME Tds 

( tr20 - ts10 ) 
S302 

STORE Td , 



Patent Application Publication Nov. 3 , 2022 Sheet 7 of 10 US 2022/0353053 A1 

FIG . 9 

ERROR 

RTTBase / 2 
COMMUNICATION 

DEVICE 10 

RTTBase / 2 

COMMUNICATION 
DEVICE 20 
ACTUAL DELAY TIME ACTUAL DELAY TIME 

Base 

FIG . 10 
d RTTiimit d 

X 
COMMUNICATION 

DEVICE 10 
Anox 

the site this ved at se 

COMMUNICATION 
DEVICE 20 

ACTUAL DELAY TIME Te 



Patent Application Publication Nov. 3 , 2022 Sheet 8 of 10 US 2022/0353053 A1 

FIG . 11A 

RTT imit 
X 

COMMUNICATION 
DEVICE 10 

met wat echter 
COMMUNICATION 

DEVICE 20 
ERROR To 

Base 

ACTUAL 
DELAY TIME ACTUAL DELAY TIME 

FIG . 11B 
RTTimit dd 
X 1 - X 

COMMUNICATION 
DEVICE 10 

Mont 

COMMUNICATION 
DEVICE 20 

TE 

ERROR 977 Base 
ACTUAL DELAY TIME ACTUAL 

DELAY TIME 



Patent Application Publication Nov. 3 , 2022 Sheet 9 of 10 US 2022/0353053 A1 

FIG . 12 

2 204 
2014 

202 

COMMUNICATION UNIT 

31 : COMMUNICATION NETWORK 30 : COMMUNICATION NETWORK 
11 , 
1024 

COMMUNICATION UNIT 

1014 

CLOCK 103 
DELAY TIME 
ACQUIRING 

UNIT 

MEMORY 

1044 1051 

SELECTION CORRECTION 

? NETWORK 
DETERMINATION 

UNIT 



Patent Application Publication Nov. 3 , 2022 Sheet 10 of 10 US 2022/0353053 A1 

FIG . 13 

FREQUENCY 

???? ???? 
80 100 120 140 

DELAY TIME 
[ ms ] 20 



US 2022/0353053 Al Nov. 3 , 2022 
1 

COMMUNICATION DEVICE , METHOD FOR 
COMMUNICATION DEVICE , AND 

PROGRAM PRODUCT FOR 
COMMUNICATION DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] The present application is a continuation applica 
tion of International Patent Application No. PCT / JP2020 / 
039283 filed on Oct. 19 , 2020 , which designated the U.S. 
and claims the benefit of priority from Japanese Patent 
Application No. 2020-003656 filed on Jan. 14 , 2020. The 
entire disclosures of all of the above applications are incor 
porated herein by reference . 

TECHNICAL FIELD 
a 

[ 0002 ] The present disclosure relates to a communication 
device configured to transmit and receive packets through a 
communication network . 

a BACKGROUND 

time indicated by the second clock , the first device reception 
time being a time indicated by the first clock , and a second 
delay time that is a time length from a first device trans 
mission time when the communication unit transmits the 
second packet to a second device reception time when the 
outside communication device receives the second packet , 
the first device transmission time being a time indicated by 
the first clock , the second device reception time being a time 
indicated by the second clock . The communication device 
includes a selection unit configure to select one of the first 
packet and the second packet as a target packet . The com 
munication device includes a correction unit configured to 
calculate a correction value as a time difference of the first 
clock and the second clock based on a first minimum delay 
time that is a minimum value among the first delay times 
acquired in a predetermined period or a second minimum 
delay time that is a minimum value among the second delay 
times acquired in the predetermined period , and correct the 
delay time of the target packet using the correction value . 
[ 0006 ] A second aspect of the present disclosure is a 
computer program product for a communication device to 
correct a delay time . The communication device includes a 
first clock and is configured to communicate with an outside 
communication device to transmit and receive packets 
through a communication network . The outside communi 
cation device includes a second clock . The computer pro 
gram product is stored on a non - transitory computer read 
able medium and comprising instruction configured to , 
when executed by at least one processor , cause the at least 
one processor to : receive first packets transmitted from the 
outside communication device ; transmit second packets to 
the outside communication device ; acquire a first delay time 
that is a time length from a second device transmission time 
when the first packet is transmitted from the outside com 
munication device to a first device reception time when the 
communication unit receives the first packet , the second 
device transmission time being a time indicated by the 
second clock , the first device reception time being a time 
indicated by the first clock , and a second delay time that is 
a time length from a first device transmission time when the 
communication unit transmits the second packet to a second 
device reception time when the outside communication 
device receives the second packet , the first device transmis 
sion time being a time indicated by the first clock , the second 
device reception time being a time indicated by the second 
clock ; select one of the first packet and the second packet as 
a target packet ; calculate a correction value as a time 
difference of the first clock and the second clock based on a 
first minimum delay time that is a minimum value among the 
first delay times acquired in a predetermined period or a 
second minimum delay time that is a minimum value among 
the second delay times acquired in the predetermined period , 
and correct the delay time of the target packet using the 
correction value . 
[ 0007 ] A third aspect of the present disclosure is a method 
of correcting a delay time for a communication device 
including a first clock and configured to communicate with 
an outside communication device to transmit and receive 
packets through a communication network . The outside 
communication device includes a second clock . The method 
includes receive first packets transmitted from the outside 
communication device ; transmit second packets to the out 
side communication device ; acquire a first delay time that is 
a time length from a second device transmission time when 

[ 0003 ] Conventionally , delay time has been used as one of 
indicators of communication quality in communication that 
requires real - time performance , such as voice communica 
tion and IoT ( Internet of Things ) . Such a delay time can be 
obtained by measuring the elapsed time from the time when 
the communication device transmits the packet to the time 
when another communication device receives the packet . 
However , in order to obtain an accurate delay time , it is 
necessary to accurately synchronize the times of the com 
munication devices on the transmitting side and the receiv 
ing side . 
[ 0004 ] As a method of obtaining the delay time without 
synchronizing the times of the communication devices on 
the transmitting side and the receiving side , there is a 
method using Ping , for example . In this method , Ping is used 
to measure the time it takes for a packet to make a round trip 
between two communication devices , and the value obtained 
by halving the measurement result is estimated to be the 
one - way delay time . However , the Ping value measured in 
this way includes the processing time required from the 
reception of the packet by one of the communication devices 
to the transmission of the packet by the communication 
device . Therefore , there may be a high possibility that there 
is a difference between the value obtained by halving the 
Ping value and the actual one - way delay time . 

a 

a 

a 

SUMMARY a 

a 
[ 0005 ] A first aspect of the present disclosure is a com 
munication device configured to communicate with an out 
side communication device to transmit and receive packets 
through a communication network . The outside communi 
cation device includes a second clock . The communication 
device includes a first clock and a communication unit 
configured to receive first packets transmitted from the 
outside communication device , and transmit second packets 
to the outside communication device . The communication 
device includes a delay time acquiring unit configured to 
acquire a first delay time that is a time length from a second 
device transmission time when the first packet is transmitted 
from the outside communication device to a first device 
reception time when the communication unit receives the 
first packet , the second device transmission time being a 
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EMBODIMENTS the first packet is transmitted from the outside communica 
tion device to a first device reception time when the com 
munication unit receives the first packet , the second device 
transmission time being a time indicated by the second 
clock , the first device reception time being a time indicated 
by the first clock , and a second delay time that is a time 
length from a first device transmission time when the 
communication unit transmits the second packet to a second 
device reception time when the outside communication 
device receives the second packet , the first device transmis 
sion time being a time indicated by the first clock , the second 
device reception time being a time indicated by the second 
clock ; select one of the first packet and the second packet as 
a target packet ; calculate a correction value as a time 
difference of the first clock and the second clock based on a 
first minimum delay time that is a minimum value among the 
first delay times acquired in a predetermined period or a 
second minimum delay time that is a minimum value among 
the second delay times acquired in the predetermined period , 
and correct the delay time of the target packet using the 
correction value . 

a 

BRIEF DESCRIPTION OF THE DRAWINGS 

a 

Comparative Example 
[ 0023 ] A comparative example is a communication device 
for estimating a delay time of a packet transmitted between 
two communication devices whose times are not synchro 
nized using ( i ) a one - way network delay reference time from 
a measurement server to an access point , ( ii ) a wireless delay 
reference time obtained by transmitting packets between the 
access point and a wireless communication device whose 
time is synchronized with the access point , and ( iii ) a 
round - trip time obtained by measuring a time when the 
packet makes a round trip between the communication 
devices . 
[ 0024 ] As a result of detailed consideration by the inven 
tor , the inventor found the following difficulty . Since the 
delay occurring in the communication network varies 
depending on the communication device , the delay time 
measured using a communication device or communication 
section different from the actual communication partner is 
not suitable to estimate the delay time in the communication 
with the communication partner . Further , when estimating 
the delay time between communication devices , it is not 
always possible to obtain the delay time between the access 
point and another communication device whose time is 
synchronized with the access point . 
[ 0025 ] Embodiments of the present disclosure will be 
described below with reference to the drawings . The present 
invention referred hereinafter indicates the invention 
described in the claims , and is not limited to the following 
embodiments . Further , at least words inside the double 
quotation means words and phrases described in the claims , 
and are not limited to the following embodiments . 
[ 0026 ] Configurations and methods descried in dependent 
claims should be interpreted as arbitrary configurations and 
arbitrary methods within descriptions in independent claim . 
Configurations and methods of following embodiments cor 
responding to configurations and methods described in 
dependent claims , and configurations and methods described 
only in the following embodiments without descriptions in 
claims should be interpreted as arbitrary configurations and 
arbitrary methods in this disclosure . In a case that the scope 
of claims is broader than descriptions of the embodiments , 
configurations and methods described in the following 
embodiments are just examples of configurations and meth 
ods of the present disclosure , which should be interpreted as 
arbitrary configurations and arbitrary methods in this dis 
closure . In any cases , essential configurations and methods 
of this disclosure should be interpreted based on indepen 
dent claims . 
[ 0027 ] Any effects described in the embodiments are 
effects obtained by a configuration of an embodiment as an 
example of this disclosure , and are not necessarily effects of 
this disclosure . 
[ 0028 ] When there are a plurality of embodiments , the 
configuration disclosed in each embodiment is not limited to 
each embodiment alone , and may be combined across the 
embodiments . For example , the configuration disclosed in 
one embodiment may be combined with another embodi 
ment . Further , the disclosed configurations may be collected 
and combined in each of the plurality of embodiments . 
[ 0029 ] The problem described in this disclosure is not a 
publicly known problem , but person including the inventor 
has independently found out , and is a fact that affirms the 

a 

[ 0008 ] FIG . 1 is a block diagram illustrating a communi 
cation device and a communication system including the 
communication device . 
[ 0009 ] FIG . 2A is a diagram for explaining times indicated 
by clocks of the communication devices . 
[ 0010 ] FIG . 2B is a diagram explaining times indicated by 
the clocks of the communication devices . 
[ 0011 ] FIG . 3 is a diagram for explaining packets trans 
mitted and received by communication devices according to 
first to fourth embodiments . 
[ 0012 ] FIG . 4 is a flowchart of an operation of the com 
munication device according to the first embodiment . 
[ 0013 ] FIG . 5 is a flowchart for explaining the operation of 
the communication devices according to the first to fourth 
embodiments . 
[ 0014 ] FIG . 6 is a diagram for explaining an error between 
a corrected delay time and an actual delay time according to 
the first and second embodiments . 
[ 0015 ] FIG . 7 is a diagram for explaining packets trans 
mitted and received by communication devices according to 
the second to fourth embodiments . 
[ 0016 ] FIG . 8 is a flowchart for explaining the operation of 
the communication devices according to the second to fourth 
embodiments . 
[ 0017 ] FIG.9 is a diagram for explaining an error between 
a corrected delay time and an actual delay time according to 
the third embodiment . 
[ 0018 ] FIG . 10 is a diagram illustrating a correction value 
calculation according to the fourth embodiment . 
[ 0019 ] FIG . 11A is a diagram for explaining an error 
between a corrected delay time and an actual delay time 
according to the fourth embodiment . 
[ 0020 ] FIG . 11B is a diagram for explaining an error 
between a corrected delay time and an actual delay time 
according to the fourth embodiment . 
[ 0021 ] FIG . 12 is a block diagram illustrating a commu 
nication device and a communication system including the 
communication device according to another embodiment . 
[ 0022 ] FIG . 13 is a diagram for explaining a delay time 
due to a communication network according to another 
embodiment . 

a 
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inventive step of the invention together with the configura 
tion and method of the present disclosure . 

Configurations Common to Each Embodiment 
[ 0030 ] FIG . 1 shows a communication system 1. The 
communication system i includes a “ communication 
device ” 10 , another “ communication device ” 20 , and a 
" communication network ” 30 for the communication 
between the communication devices 10 , 20 . 
[ 0031 ] The " communication device ” is configured to at 
least transmit or receive packets . For example , the commu 
nication device includes a receiver device , a receiver termi 
nal device , a transmitter device , a transmitter terminal 
device , and a server device , such as various server devices , 
workstations , personal computers . The communication 
device may be an electronic control device ( ECU ) , a semi 
conductor circuit element , a smartphone , a mobile phone , a 
communication repeater or the like . The “ communication 
network ” includes a wireless communication network and a 
wired communication network . 
[ 0032 ] In the description of the following embodiments , 
both communication devices 10 , 20 are communication 
device terminals . However , the communication devices 10 , 
20 may be server devices . For example , the communication 
device 10 may be a client device such as a personal 
computer , and the communication device 20 may be a server 
device . 
[ 0033 ] The communication network 30 may be any one of 
the wired communication network and the wireless commu 
nication network . The wired communication network is , for 
example , a telephone line or an internet . The wireless 
communication network is , for example IEEE802.11 ( WiFi : 
registered trademark ) , IEEE802.16 ( WiMAX : registered 
trademark ) , W - CDMA ( Wideband Code Division Multiple 
Access ) , HSPA ( High Speed Packet Access ) , LTE ( Long 
Term Evolution ) , LTE - A ( Long Term Evolution Advanced ) , 
4G , or 5G . 

communication network 30. Hereinafter , the packet trans 
mitted by the communication unit 102 is referred to a 
transmitted packet ( corresponding to a " second packet " ) . 
Unless otherwise specified in the following embodiments , 
the information contained in the transmitted packet is not 
limited . 
[ 0039 ] The delay time acquiring unit 103 is configured to 
" acquire ” a delay time which is the time length from the 
“ transmission time ” when the packet is transmitted to the 
“ reception time ” when the packet is received . When the 
transmission time of the packet is defined as ts and the 
reception time is defined as tr , the delay time from the 
transmission time ts to the reception time tr can be obtained 
by calculating tr - ts . Hereinafter , the time length between the 
transmission time ts and the reception time tr is referred to 
as the delay time Td of the packet . 
[ 0040 ] The term “ acquire ” may mean “ directly acquire the 
delay time by receiving information indicating the delay 
time ” or “ acquire the delay time by calculation ” . 
[ 0041 ] The " transmission time ” may be a time when 
processing related to the transmission of the packet is 
performed . The transmission time may be a time when a 
generated packet is output , or a time when a packet to be 
transmitted is generated , for example . The “ reception time ” 
may be a time when processing related to the reception of 
the packet . The reception time may be a time when the 
packet arrives at the communication device , or a time when 
the received packet is stored in the memory , for example . 
[ 0042 ] When the delay time acquiring unit 103 acquires 
the delay time of the received packet , the delay time 
acquiring unit 103 acquires , as the delay time ( correspond 
ing to a “ first delay time ” ) of the received packet , the time 
length between the transmission time ts 20 ( corresponding to 
a “ second device transmission time ” ) when the received 
packet is transmitted from the communication unit 20 and 
the reception time tr10 ( corresponding to a " device reception 
time ” ) when the communication unit 102 receives the recep 
tion packet . The transmission time of the received packet is 
the time based on the clock 201 , and the reception time of 
the received packet is the time based on the clock 101 . 
[ 0043 ] When the delay time acquiring unit 103 acquires 
the delay time of the transmitted packet , the delay time 
acquiring unit 103 acquires , as the delay time ( correspond 
ing to a “ second delay time ” ) of the transmitted packet , the 
time length between the transmission time ts10 ( correspond 
ing to a " device transmission time ” ) when the transmitted 
packet is transmitted from the communication unit 102 and 
the reception time tr20 ( corresponding to “ second device 
reception time ” ) when the communication device 20 
receives the transmitted packet . The transmission time of the 
transmitted packet is the time based on the clock 101 , and 
the reception time of the transmitted packet is the time based 
on the clock 201 . 
[ 0044 ] The method in which the delay time acquiring unit 
103 acquires the delay time of the transmitted packet is not 
limited . For example , the communication device 20 may 
calculate the delay time of the transmitted packet , and the 
delay time acquiring unit 103 may acquire the delay time 
calculated by the communication device 20. In this case , the 
transmitted packet transmitted from the communication unit 
102 to the communication device 20 contains information 
indicating the transmission time when the communication 
device 10 transmitted the transmitted packet . When the 
communication device 20 receives the transmitted packet , 

( 1 ) Configuration of Communication Device 10 

2 

[ 0034 ] The communication device 10 includes a clock 101 
( corresponding to a “ first clock ” ) , a communication unit 
102 , a delay time acquiring unit 103 , a selection unit 104 , a 
correction unit 105 , and a memory 106 . 
[ 0035 ] The clock 101 is a “ clock ” that is a reference for 
time information in the communication device 10. The time 
when the communication device 10 receives packets and the 
time when the communication device 10 transmits packets 
are given based on the time indicated by the clock 101 . 
[ 0036 ] The term “ clock ” includes not only those that 
measure absolute time , but also those that counts predeter 
mined intervals , such as counters and oscillators . 
[ 0037 ] The communication unit 102 is configured to 
receive packets transmitted from the communication unit 20 
( corresponding to an " outside communication device ” ) . 
Hereinafter , the packet received by the communication unit 
102 is referred to as a received packet ( corresponding to a 
" first packet ” ) . The received packet contains information 
indicating the time when the received packet is transmitted 
from the communication device 20. The time here is a 
transmission time based on a clock 201 of the communica 
tion device 20 described later . 
[ 0038 ] The communication unit 102 is configured to trans 
mit packets to the communication device 20 through the 
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the communication device 20 calculates the delay time from 
the transmission time contained in the transmitted packet to 
the reception time when the communication device 20 
received the transmitted packet . The communication device 
20 transmits a packet containing information about the 
calculated delay time to the communication device 10 . 
Accordingly , the packet received by the communication unit 
102 contains the delay time of the past transmitted packet . 
The delay time acquiring unit 103 acquires the delay time 
contained in the transmitted packet received by the commu 
nication unit 102 . 
[ 0045 ] The delay time acquiring unit 103 may acquire the 
delay time of the transmitted packet transmitted from the 
communication device 10 by calculating it . In this case , the 
received packet received by the communication unit 102 
contains information indicating the time when the past 
transmitted packet transmitted from the communication 
device 10 is received by the communication device 20. The 
delay time acquiring unit 103 acquires the delay time of the 
transmitted packet by calculating the delay time from the 
transmission time when the communication unit 102 trans 
mitted the transmitted packet to the reception time when the 
transmitted packet is received by the communication device 
20. The transmission time and the reception time of the 
transmitted packet may be associated with each other using 
notification information of the transmitted packet . 
[ 0046 ] Depending on the processing speed of the commu 
nication devices 10 , 20 , it takes a processing time from the 
reception of the packet to the time when the timestamp is 
added to the packet . Accordingly , the time when the com 
munication unit 102 receives the received packet may not be 
exactly the same as the time of the timestamp added to the 
received packet . However , since the error caused by such 
timestamp processing is extremely small as compared with 
the delay time described later , the time added to the received 
packet is regarded to be the same as the time when the 
communication unit 102 actually receives the packet . 
[ 0047 ] The selection unit 104 is configured to “ select " a 
packet from the received packets and the transmitted packets 
as a target packet whose delay time is corrected by the 
correction unit 105 . 
[ 0048 ] One packet may be “ selected ” from multiple pack 
ets as a target packet , and multiple packets may be 
" selected ” as target packets . 
[ 0049 ] The correction unit 105 is configured to correct an 
error in the delay time of the target packet selected by the 
selection unit 104 , which is caused by the time difference 
between the first clock 101 and the second clock 201 . 
Specifically , the correction unit 105 “ calculates ” a correction 
value a by estimating the correction value a which corre 
sponds to the time difference between the clocks 101 , 201 . 
The correction value a is calculated based on a minimum 
delay time Td , ( corresponding to a “ first minimum delay 
time ” ) having the smallest value among the received packets 
acquired by the delay time acquiring unit 103 within a 
“ predetermined ” period , or based on a minimum delay time 
Tdsmin ( corresponding to a “ second minimum delay time ” ) 
having the minimum value among the transmitted packets 
acquired within a “ predetermined ” period . Specific calcula 
tion methods of the correction value a will be described later . 
The correction unit 105 corrects the delay time of the target 
packet using the calculated correction value a . The delay 
time that was corrected using the correction value is referred 
to as a corrected delay time . 

[ 0050 ] The term " calculate ” may mean " calculate the 
correction value by performing an operation on the mini 
mum delay time ” or “ set the value of the minimum delay 
time as the correction value ” . Here , the term “ predeter 
mined ” may include “ always constant ” and “ uniquely deter 
mined according to conditions ” . 
[ 0051 ] For example , a period before the delay time of the 
target packet is acquired may be the predetermined period . 
In this case , the delay time of the target packet is corrected 
based on the minimum delay time having the smallest value 
among the delay times of the packets acquired before the 
target packet . Alternatively , the predetermined period may 
be the entire period for which the delay times of the packets 
are stored in the memory 106 . 
[ 0052 ] The corrected delay time is presented to , for 
example , users of the communication device 10. Alterna 
tively , the corrected delay time may be output to an appli 
cation related to communication that requires real - time 
performance , such as voice communication , IoT , and remote 
monitoring system , and may be used as an index of com 
munication quality . 
[ 0053 ] The memory 106 is a storage unit that stores the 
minimum delay time Td min , Tdsmin used by the correction 
unit 105. Although it is assumed that the memory is a 
random access memory , the RAM 107 may be a hard disk 
( HDD ) , a flash memory , or the like . In this case , when the 
power source of the communication device 10 is turned off , 
data is not deleted , and can be stored . 
[ 0054 ] The memory 106 may save the delay time imme 
diately after the delay time acquiring unit 103 acquires the 
delay time , or may save the delay time after the correction 
unit 105 completes processing . 
[ 0055 ] The memory 106 may be a storage unit that stores 
the transmission time and the reception time of the received 
packet and the transmitted packet . In this case , the delay 
time acquiring unit 103 read out the transmission time and 
the reception time of packets stored in the memory 106 to 
acquire the delay time . 
[ 0056 ] FIGS . 2A , 2B schematically show examples of a 
state in which packets are transmitted and received between 
the communication devices 10 , 20. The times t010 , tr10 , ts10 
are the times indicated by the clock 101 , and the times t020 , 
tr20 , ts20 are the times indicated by the clock 201. Further , 
t010 and t020 indicate the same time . In FIG . 2A , the clocks 
101 , 201 are synchronized , and accordingly the timing at 
which the clock 101 indicates the time t0 , is the same as the 
timing at which the clock 201 indicates the time t020 . 
Accordingly , the delay time Td ( = tr - ts ) acquired by the 
delay time acquiring unit 103 is equal to the delay time 
( hereinafter , referred to as an actual delay time ) between the 
time when one communication device transmits a packet and 
the time when the other communication device receives the 
packet . 
[ 0057 ] On the other hand , in FIG . 2B , the timing at which 
the clock 101 indicates the time t010 and the timing at which 
the clock 201 indicates time t020 are different , resulting in a 
time difference r between the times indicated by these 
clocks . When the clocks 101 , 201 are not synchronized as 
shown in FIG . 2B , the delay time Td Ar - ts ) acquired by the 
delay time acquiring unit 103 is different from the actual 
delay time . If the time difference r is a known value , the 
actual delay time of the transmitted packet can be obtained 
by calculating tr20- ( t $ 10 + r ) . However , the time difference r 
between the clocks 101 , 201 is unknown . The correction unit 

10 

a 
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105 estimates the actual delay time by correcting the delay 
time using the correction value an estimated to correspond 
to the time difference r . The following formula 1 is a formula 
for calculating the corrected delay time T , by correcting the 
delay time Td , of the transmitted packet using the correction 

S 

S 

value a . 
Ts = tr20- ( ts10 + a ) = Td , -a ( Formula 1 ) 

1 

[ 0058 ] The formula 1 is a formula for calculating the 
corrected delay time Ts of the transmitted packet . However , 
the corrected delay time T , of the received packet can be 
calculated by a similar formula . The following formula 2 is 
a formula for calculating the corrected delay time T , of the 
received packet . 

Tr = ( tr10 + a ) —ts 20 = Td , + a ( Formula 2 ) 

[ 0059 ] The information of the delay time acquired by the 
methods described in the following embodiments is required 
by the communication device that transmitted the packet . 
Accordingly , in the following embodiment , an example 
where the delay time of the transmitted packet is corrected 
as the target packet will be described . However , the follow 
ing embodiment can be applied to a case where the delay 
time of the received packet is corrected as the target packet . 

and received by the communication unit 102 may be 
selected as the target packets and the delay time of the target 
packets may be corrected . 
[ 0064 ] The delay time acquiring unit 103 of the present 
embodiment is configured to acquire the delay time of the 
transmitted packet that is selected as the target packet and 
transmitted by the communication unit 102. The delay time 
of the transmitted packet is the time length between the 
transmission time T 10 when the communication device 10 
transmits the transmitted packet and the reception time T , 20 
when the communication device 20 receives the transmitted 
packet 
[ 0065 ] In the present embodiment , the minimum delay 
time Tdmin of the received packet is estimated to correspond 
to the time difference r between the clocks 101 , 201. The 
correction unit 105 reads out the minimum delay time Td , 
stored in the memory 106. In the example shown in FIG . 3 , 
Td , i is the shortest in the delay times Td . , 1 - T0,3 , and accord 
ingly the delay time Td , is read out as the minimum delay 
time Tdmin . The correction unit 105 calculates the correction 
value a by setting the minimum delay time Tdmin as the 
correction value a . The correction unit 105 corrects the delay 
time Td of the target packet using the calculated correction 
value a ( = Tdmin = Td , 1 ) . By substituting the correction value 
a calculated by the present embodiment into the formula 1 , 
the corrected delay time T , of the target packet can be 
obtained using the following formula 3 . 

T = Tds - Tdmin ( Formula 3 ) 

rmin 

r3 
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a 

( 2 ) Configuration of Communication Device 20 

a 

[ 0060 ] The communication device 2 is configured to trans 
mit packets to the communication device 10. The commu 
nication device 20 includes the " clock ” 201 that is a refer 
ence for time in the communication device 20 , and the 
communication unit 202 configured to transmit and receive 
packets between the communication unit 10. Unless other 
wise noted in each of the following embodiments , the 
communication device 20 is a communication device con 
figured to at least transmit packets to the communication 
device 10 , and detailed description thereof will be omitted . 

First Embodiment 

[ 0061 ] In the first embodiment , a configuration , in which 
the correction value a is calculated based on the minimum 
delay time of the received packet to correct the delay time , 
will be described . 

10 

1. Correction Method for Delay Time 

( 2 ) Operation of Communication Device 10 
[ 0066 ] The operation of the communication device 10 of 
this embodiment will be described with reference to FIGS . 
4 , 5. FIG . 4 shows a process of acquiring the delay time of 
the received packet used for correcting the delay time of the 
target packet . In S101 , the communication unit 102 receives 
the received packet transmitted from the communication 
device 20. In S102 , the time when the received packet is 
received in S101 , i.e. the reception time tr10 , is acquired . In 
S103 , the transmission time ts20 when the received packet is 
transmitted from the communication device 20 , which is 
contained in the received packet , is acquired . In S104 , the 
time length between the transmission time ts20 and the 
reception time trio is acquired as the delay time Td . In S105 , 
the acquired delay time Td , is saved in the memory 106 . 
[ 0067 ] FIG . 5 shows a process of correcting the delay time 
of the target packet using the minimum delay time having 
the minimum value among the delay times acquired by the 
process shown in FIG . 4. In S201 , the selection unit 104 
selects the target packet whose delay time is to be corrected . 
In S202 , the delay time Td , of the target packet selected in 
S201 is acquired by reading out from the memory 106. In 
S203 , the minimum delay time Tdmin is read out from the 
memory 106. The minimum delay time Tdmin is the smallest 
value among the delay times of the received packets 
acquired by the process shown in FIG . 4. In S204 , the 
correction value a is calculated based on the minimum delay 
time Tdmin acquired in S203 . In the present embodiment , the 
minimum delay time Tdmin read out from the memory 106 
is used as the correction value a . In S205 , the delay time Td 
of the target packet is corrected using the correction value a . 
[ 0068 ] The operation of the communication device 10 
shown in FIGS . 4 , 5 shows not only a method of correcting 
the delay time in the communication device 10 , but also a 

[ 0062 ] When the packets are transmitted and received 
without any delay , the actual delay time of the packets is 
zero . In this case where the actual delay time is zero , the 
delay time acquired by the delay time acquiring unit 103 is 
equal to the time difference r between the clocks 101 , 201 . 
Accordingly , in the first embodiment , the actual delay time 
for the minimum delay time is estimated to be zero , and the 
delay time of the target packet is corrected assuming that the 
minimum delay time corresponds to the time difference r . 
[ 0063 ] FIG . 3 schematically shows a state in which pack 
ets are transmitted and received between the communication 
devices 10 , 20 of the present embodiment . In this case , an 
example where the delay time Td of the target packet , which 
is the transmitted packet , is corrected using the minimum 
delay time Tdrmin of the received packet will be described . 
In the following example , a configuration that corrects the 
delay time of only one target packet selected by the selection 
unit 104 will be described . However , all packets transmitted 

r 

a 
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processing procedure of the delay time correction program 
executed by the communication device 10. The order of the 
processes is not limited to the example shown in FIGS . 4 , 5 . 
That is , the order may be swapped as long as there is no 
restriction , such as a relationship where one step uses the 
result of the step before it . The same applies to the flow 
charts of the embodiments below . 

3. Error Between Corrected Delay Time and Actual Delay 
Time 2 

the delay time , and accordingly the correction process for 
the target packet by the communication device 10 can be 
easily performed 
[ 0076 ] In the first embodiment , it is assumed that the 
communication devices 10 , 20 communicate with each other 
through the constant communication path . However , the 
packets transmitted and received between the communica 
tion devices 10 , 20 may not be always forwarded over the 
same path . When the communication paths between the 
communication devices 10 , 20 are different , the delay times 
of the packets may be different for each communication 
path . 
[ 0077 ] When the communication devices 10 , 20 commu 
nicate with each other through different communication 
paths , the delay time acquiring unit 103 acquires the delay 
time of the packet received through the first communication 
path and the delay time of the packet received through the 
second communication path . The correction unit 105 reads 
out , from the memory 106 as the minimum delay time , the 
delay time having the smallest value among the delay times 
of the received packets transmitted from the communication 
device 20 through the first communication path and the 
delay times of the received packet transmitted from the 
communication device 20 through the second communica 
tion path . The correction unit 105 calculates the correction 
value a based on the read minimum delay time . 
[ 0078 ] By calculating the correction value using the 
shorter delay time to correct the delay time , the error 
between the corrected delay time and the actual delay time 
can be smaller . Accordingly , when the communication 
devices 10 , 20 communicate through multiple communica 
tion paths , the correction value is calculated based on the 
minimum delay time among the delay times of the received 
packets transmitted through all of the communication paths . 
[ 0079 ] When the communication devices 10 , 20 commu 
nicate using different protocols , the delay times of the 
packets may be different . Accordingly , it is preferable that 
the correction value is calculated based on the minimum 
delay time among the delay times of the received packets 
transmitted using any one of the protocols even when the 
protocols used for the communication are different . 
[ 0080 ] The configuration in which the communication 
between the communication devices 10 , 20 is performed 
through multiple communication paths can be applied to 
second and fifth embodiments described later . 

RTT Base min ta 

* smin 

min 

" 

[ 0069 ] The error of the corrected delay time acquired in 
the present embodiment is unknown . However , when the 
value of the minimum delay time of the transmitted packet 
is known , maximum error of the corrected delay time of the 
present embodiment can be calculated . 
[ 0070 ] FIG . 6 is a diagram illustrating the maximum error 
between the corrected delay time T and the actual delay time 
according to the method of the present embodiment . The 
dashed arrow shown in FIG . 6 indicates a state where the 
actual delay time for the minimum delay time Tdmin of the 
received packet is estimated to be zero . The solid lines 
indicate the actual delay times of the received packet and the 
transmitted packet . 
[ 0071 ] When the RTT ( Round Trip time ) Base is defined 
as the sum of the actual delay time for the minimum delay 
time Tdrmin of the received packet and the actual delay time 
for the minimum delay time of the transmitted packet , the 
RTT Base is expressed as the following formula 4 . 

= { ( tr10 t $ 20 min } + { tr20 min- ( t $ 10 
min + a ) } = Tdrmint + Tds ( Formula 4 ) 

[ 0072 ] Here , tr 10 is the reception time of the received 
packet having the minimum delay time Tdrmin , ts 20 min is the 
transmission time of the received packet having the mini 
mum delay time Td min , tr20 min is the reception time of the 
transmitted packet having the minimum delay time Tdsm 

is the transmission time of the transmitted packet 
having the minimum delay time Tdmin 
[ 0073 ] As expressed in the formula 4 , the sum of the actual 
delay times of the received packet and the transmitted packet 
is equal to the sum of the delay times of the received packet 
and the transmitted packet acquired by the delay time 
acquiring unit 103 . 
[ 0074 ] In the present embodiment , the correction value a 
is calculated based on the assumption that the actual delay 
time for the minimum delay time Tdmin of the received 
packet is zero , as indicated by the dashed arrow in FIG . 6 . 
However , the actual delay time for the minimum delay time 
Td min may not be zero as indicated by the solid lines in FIG . 
6. When the actual delay time of the received packet is the 
value of the RTT , that is , when the actual delay time of 
the transmitted packet is zero , the difference between the 
estimated delay time of the received packet and the actual 
delay time of the received packet is the largest ( RTTBase ) . 
Accordingly , the maximum error between the delay time of 
the target packet and the actual delay time is the RTT 
[ 0075 ] According to the present embodiment , the delay 
time of the packet communicated between the communica 
tion devices whose times are not synchronized can be 
estimated . Further , according to the present embodiment , the 
delay time of the target packet can be corrected by infor 
mation of the delay time of the received packet which is 
accumulated in the communication device 10 that corrects 

smin ' 

and ts 10 min 

Second Embodiment 

Bases 

[ 0081 ] In the first embodiment , a configuration , in which 
the delay time of the target packet is corrected based on the 
minimum delay time of the received packet received by the 
communication device 10 , is described . In the second 
embodiment , a configuration , in which the correction value 
a is calculated based on the minimum delay time that is the 
smallest value among the delay times of the received packets 
and the transmitted packets to correct the delay time of the 
target packet , will be described . 

Base 

1. Correction Method for Delay Time 
[ 0082 ] FIG . 7 schematically shows a state in which pack 
ets are transmitted and received between the communication 
devices 10 , 20 of the present embodiment . The delay time 
acquiring unit 103 of the present embodiment acquires the 
delay times Td 1 - Tds of the transmitted packets shown in s1 
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Third Embodiment r3 

[ 0090 ] In the present embodiment , a configuration , in 
which the correction value is calculated based on the mini 
mum delay time that is the smallest value among the delay 
times of the received packets and the transmitted packets , 
will be described . 

1. Correction Method for Delay Time 

FIG . 7 in addition to the delay times Td - 1 - T0,3 of the 
received packets shown in FIG . 3 . 
[ 0083 ] The correction unit 105 reads out the minimum 
delay time from the memory 106 and estimates that the 
minimum delay time corresponds to the time difference r as 
in the first embodiment . However , unlike the first embodi 
ment , the minimum delay time in the present embodiment is 
a delay time having the smallest value among the delay 
times of the received packets and the delay times of the 
transmitted packets . 
[ 0084 ] In the cases shown in FIGS . 3 , 7 , the minimum 
delay time is the delay time Tds of the transmitted packet . 
The correction unit 105 reads out , as the minimum delay 
time Tdmin , the delay time Td 2 stored in the memory 106 . 
The correction unit 105 calculates the correction value a by 
setting the minimum delay time Tdmin as the correction 
value a . The correction unit 105 corrects the delay time Tds 
of the target packet using the calculated correction value a 
( = Tdmin = Td , 2 ) . In the examples shown in FIGS . 3 , 7 , the 
corrected delay time T , can be obtained by the formula 4 . 

s2 

rmin 

a 
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rl 

[ 0091 ] In the third embodiment , the actual delay time for 
the minimum delay time of the received packet is regarded 
to be equal to the actual delay time for the minimum delay 
time of the transmitted packet to correct the delay time of the 
target packet . 
[ 0092 ] The correction unit 105 reads out , from the 
memory 106 , the minimum delay time Td , ( correspond 
ing to a “ first minimum delay time ” ) that is the smallest 
value among the delay times ( corresponding to a “ first delay 
time ” ) which is the time length from the transmission time 
to the reception time of the received packet . In the cases 
shown in FIG . 3 , the minimum delay time Tormin of the 
received packet is the delay time Td , 1 · 
[ 0093 ] The correction unit 105 reads out , from the 
memory 106 , the minimum delay time Tdsmin ( correspond 
ing to a " second minimum delay time ” ) that is the smallest 
value among the delay times ( corresponding to a “ second 
delay time ” ) which is the time length from the transmission 
time to the reception time of the transmitted packet . In the 
case shown in FIG . 7 , the minimum delay time Tdsmin of the 
transmitted packet is the delay time Td 2 . 
[ 0094 ] When the actual delay time corresponding to the 
minimum delay time Tdmin of the received packet is 
regarded to be equal to the actual delay time corresponding 
to the minimum delay time Tdsmin of the transmitted packet , 
the following formula 5 holds . 

( tr10 minta ) + $ 20 min = tr20 min- ( t $ 10 minta ) 

( 2 ) Operation of Communication Device 10 
[ 0085 ] The process performed by the communication 
device 10 of the present embodiment for acquiring the delay 
time of the received packet and the transmitted packet will 
be described with reference to FIG . 8. The same steps as 
those in FIG . 4 are designated by the same reference 
numerals , and the description thereof will be omitted . 
[ 0086 ] In S301 , the delay time Td , of the transmitted 
packet transmitted by the communication device 10 is 
acquired . As described above , the delay time of the trans 
mitted packet can be acquired by acquiring information 
indicating the delay time of the past transmitted packet . 
Alternatively , the delay time of the transmitted packet can be 
acquired from the information indicating the reception time 
when the communication device 20 received the transmitted 
packet and contained in the received packet . In S302 , the 
delay time Td , of the transmitted packet acquired in S301 is 
stored in the memory . 
[ 0087 ] The delay time of the target packet can be corrected 
using the processing flow shown in FIG . 5 . 

S 

Tdrminta = Tdsmin - a ( Formula 5 ) 

: 

: 

[ 0095 ] Here , tr10 min is the reception time of the received 
packet having the minimum delay time Tdrmin , ts20 min is the 
transmission time of the received packet having the mini 
mum delay time Tdrmin , tr20 min is the reception time of the 
transmitted packet having the minimum delay time Tdsmin , 

is the transmission time of the transmitted packet 
having the minimum delay time Tdsmin 
[ 0096 ] By decomposing the formula 5 , the correction 
value a is expressed as the following formula 6 . 

a = ( Tdsmin - Tdmin ) / 2 ( Formula 6 ) 

3. Error Between Corrected Delay Time and Actual Delay 
Time 

and ts 10 min 

Base 

[ 0097 ] The correction value a can be expressed as in the 
formula 7 using the RTT described in the formula 4 . Base 

RTTBase / 2 = Tdrmin ta = Td smina ' 

a = Tdsmin - RTT . Base / 2 = RTTBase / 2 – Tdrmin ( Formula 7 ) 

[ 0088 ] The maximum error between the corrected delay 
time T and the actual delay time according to the method of 
the present embodiment is the RTT , as in the first 
embodiment . 
[ 0089 ] In general , it is known that the delay in the down 
link direction , such as communication from the server 
device to the client device , is shorter than the delay in the 
uplink direction , such as communication from the client 
device to the server device . Therefore , when the communi 
cation device 10 is a server device and the communication 
device 20 is a client device , the delay time of the packet 
transmitted by the communication device 10 in the downlink 
direction is likely to be shorter than the delay time of the 
packet received by the communication device 10 in the 
uplink direction . Therefore , by calculating the correction 
value using the smallest value of the delay time of both 
packets sent by the communication device 10 in addition to 
packets received by the communication device 10 , it is 
possible to calculate a more accurate correction value . 

[ 0098 ] Then , by substituting the formula 6 ( or the formula 
7 ) into the formula 1 , the corrected delay time T , of the target 
packet can be calculated using the formula 8 below . 

To = Tds - ( Tdsmin – Tdrmin ) / 2 = ( Formula 8 ) 

Td , - ( Tdsmin – RTTBase / 2 ) = Tds – ( RTTBase / 2 – Tdrmin ) = 
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( 2 ) Operation of Communication Device 10 
[ 0099 ] The communication device 10 of the present 
embodiment performs the similar operation shown in FIGS . 
5 , 8 . 
[ 0100 ] However , in the present embodiment , in S204 of 
FIG . 5 , the correction value a is calculated based on the 
minimum delay time Tdsmin of the transmitted packet and the 
minimum delay time Tdmin of the received packet . Specifi 
cally , the correction value a is calculated by calculating the 
formula 6 or the formula 7. Regardless of which one of the 
formulas 6 , 7 is used , the correction value a of the present 
embodiment is the same as the value obtained by halving the 
difference between the minimum delay time Tdsmin of the 
transmission packet and the minimum delay time Td min of 
the received packet . Accordingly , in S204 , the correction 
value can be calculated using any one of the formulas 6 , 7 . 

rmin a 

3. Error Between Corrected Delay Time and Actual Delay 
Time 

[ 0101 ] FIG . 9 is a diagram illustrating the error between 
the corrected delay time and the actual delay time according 
to the present embodiment . The dashed line in FIG . 9 
indicates a state where the actual delay time for the mini 
mum delay time Td min of the received packet is regarded to 
be equal to the actual delay time for the minimum delay time 
Tdsmin of the transmitted packet . On the other hand , the solid 
line indicates the actual delay time . 
[ 0102 ] The error between the estimated delay time and the 
actual delay time in the present embodiment is the difference 
between the RTT , / 2 and the actual delay time , and this 
error is the RTT Base / 2 at the maximum . 
[ 0103 ] According to the present embodiment , the delay 
time of the packet communicated between the communica 
tion devices whose times are not synchronized can be 
estimated with an error of RTT Base / 2 at the maximum . 

and communication network . When the round - trip delay 
time lower limit and the delay time proportion are known 
values , the lower limits of the delay times of the received 
packet and the transmitted packet can be calculated from 
these values . 
[ 0106 ] In the present embodiment , the correction value a 
is calculated by estimating that the difference between the 
lower limit of the delay time of the received packet and the 
actual delay time for the minimum delay time Td , is equal 
to the difference between the lower limit of the delay time 
of the transmitted packet and the actual delay time for the 
minimum delay time Tdsmin 
[ 0107 ] The “ known value ” may be a case where a prede 
termined value is set in advance or a case where the 
communication device sets the value based on past data . 
[ 0108 ] The correction unit 105 reads out , from the 
memory 106 , the round - trip delay time lower limit and the 
delay time proportion , which are the known values , in 
addition to the minimum delay time Tdmin of the received 
packet . The correction unit 105 calculates the correction 
value a based on these values . 
[ 0109 ] FIG . 10 is a diagram describing the present 
embodiment . The dash - dotted line in FIG . 10 indicates the 
packet having the round - trip delay time lower limit . The 
dashed line indicates a state where the difference between 
the lower limit of the delay time of the received packet and 
the actual delay time for the minimum delay time Td min is 
regarded to be equal to the difference between the lower 
limit of the delay time of the transmitted packet and the 
actual delay time for the minimum delay time Tdsmin . In 
FIG . 10 , the round - trip delay time lower limit is the 
TRRlimit , the delay time proportion is ( x : 1 - x ) ( x < 1 - x ) , and . 
the sum of the actual delay time for the minimum delay time 
Tdymin of the received packet and the actual delay time for 
the minimum delay time Tdsmin of the transmitted packet is 
the RTT The difference d between the lower limit of the 
delay time of the received packet and the actual delay time 
for the minimum delay time Tdmin , and the difference d 
between the lower limit of the delay time of the transmitted 
packet and the actual delay time for the minimum delay time 
Tdsmin are expressed as the following formula 9 . 

d = ( RTT Base - RTT limit ) / 2 ( Formula 9 ) 

[ 0110 ] When the actual delay time for the minimum delay 
time Td , of the received packet is Te , the value of the 
actual delay time can be calculated by the following formula 
10 . 

Base ' 

' 

Base : 

Fourth Embodiment 

[ 0104 ] In the present embodiment , a configuration , in 
which the delay time of the target packet is corrected using 
highly accurate correction value when the lower limit of the 
round - trip time of the packet through the communication 
network 30 and the proportion of the delay times in the 
lower limit of the round - trip time are known , will be 
described . 

rmin 

1. Correction Method for Delay Time 
[ 0105 ] In some cases , the following values are “ known 
values " ( corresponding to a " delay time proportion " ) : a 
lower limit ( hereinafter , referred to as a “ round - trip delay 
time lower limit ” ) of the sum of ( i ) the time length from the 
time when the communication device 20 transmits the 
received packet to the time when the communication device 
10 receives the received packet ( corresponding to a “ first 
actual delay time ” ) and ( ii ) the time length from the time 
when the communication device 10 transmits the transmitted 
packet to the time when the communication device 20 
receives the transmitted packet ( corresponding to a “ second 
actual delay time ” ) ; and the proportion of the actual delay 
time of the received packet and the actual delay time of the 
transmitted packet in the round - trip delay time lower limit 
( corresponding to a " delay time proportion " ) . For example , 
these values may be preset for each communication device 

Te = d + xxRTT limit ( Formula 10 ) 

[ 0111 ] Here , by substituting the actual delay time Te for 
the corrected delay time T , of the received packet in the 
formula 2 and substituting the minimum delay time Tdmin 
of the received packet for the delay time Td ,, the correction 
value a is calculated using the following equation . 

a = Te - Tdrmin ( Formula 11 ) 

( 0112 ] Then , by substituting the formula 11 into the for 
mula 1 , the corrected delay time of the target packet can be 
calculated using the formula 12 below . 

T = Tds- ( Te - Tdrmin ) ( Formula 12 ) 

( 2 ) Operation of Communication Device 10 
[ 0113 ] The communication device 10 of the present 
embodiment performs the similar operation shown in FIGS . 
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5 , 8. However , in the present embodiment , in S204 of FIG . 
5 , the correction value a is calculated based on the round - trip 
delay time lower limit and the delay time proportion which 
are known values and the minimum delay time Td min of the 
received packet . Specifically , the correction value a is cal 
culated by calculating the formula 11 . 
[ 0114 ] The formula 12 is a formula used when the mini 
mum delay time Td min of the received packet is used . 
However , when the delay time proportion is ( 1 - x : x ) ( x < 1 
x ) , the corrected delay time T is expressed using Tdsmin 
instead of the Td , min . 

* 

3. Error Between Corrected Delay Time and Actual Delay 
Time 

[ 0115 ] FIG . 11 is a diagram illustrating the error between 
the corrected delay time and the actual delay time according 
to the present embodiment . As in FIG . 10 , the dash - dotted 
lines in FIGS . 11A , 11B indicates packets having the round 
trip delay time lower limit , and the dashed lines indicate a 
state where the difference between the lower limit of the 
delay time of the received packet and the actual delay time 
for the minimum delay time Tdmin is regarded to be equal 
to the difference between the lower limit of the delay time 
of the transmitted packet and the actual delay time for the 
minimum delay time Tdsmin . The solid line indicates the 
actual delay time . 
[ 0116 ] FIG . 11A shows a case where the actual delay time 
of the received packet is larger than the delay time Te 
calculated by the formula 10 , and the maximum error in this 
case is d . FIG . 11B shows a case where the actual delay time 
of the received packet is smaller than the delay time Te 
calculated by the formula 10 , and the maximum error in this 
case is d . That is , an error of td may occur in the correction 
value a obtained by the present embodiment . As a result , the 
maximum error of the delay time of the target packet 
corrected by using the correction value a is d . 
[ 0117 ] According to the present embodiment , the delay 
time of the packet communicated between the communica 
tion devices whose times are not synchronized can be 
estimated with an error d ( RTT Base e - RTTximit ) / 2 ) at the 
maximum . 

acquired by the delay time acquiring unit 103 between a first 
timing and a second timing . Here , the correction value a of 
the present embodiment may be calculated using any of the 
first to fourth embodiments . 
[ 0121 ] The first timing and the second timing are set such 
that the difference between a " first time difference " and a 
“ second time difference ” is at or below a predetermined 
threshold value . The first time difference is a difference 
between the time indicated by the clock 101 and the time 
indicated by the clock 201 at the first timing . The second 
time difference is a difference between the time indicated by 
the clock 101 and the time indicated by the clock 201 at the 
second timing . That is , the first timing and the second timing 
are set such that a change amount of the time difference r is 
at or below a predetermined threshold value . The threshold 
value is an acceptable range for the error , and the round - trip 
delay time lower limit RTTiimit described in the fourth 
embodiment may be used as the threshold value . The 
minimum value or the average value of Ping values mea 
sured in the past may be used as the threshold value . 
[ 0122 ] That is , the first timing and the second timing may 
be set such that a change amount of the time difference r is 
lower than a predetermined threshold value . 
[ 0123 ] The change amount of the time difference r can be 
calculated from the change amount of the time difference r 
per unit time . The change amount of the time difference r per 
unit time can be obtained from the difference between the 
absolute times of the clocks 101 , 201 , or be obtained as a 
function of a crystal oscillator . 
[ 0124 ] According to the present embodiment , it is possible 
to suppress a decrease in the accuracy of the correction value 
that may occur due to a change in the time difference 
between the clocks of the communication devices over time , 
and accordingly the delay time can be estimated with higher 
accuracy . 

a 

Other Embodiments 

: 

Fifth Embodiment 

r 

[ 0125 ] Hereinafter , a configuration using the correction 
delay time obtained by using the above - described embodi 
ments will be described . 
[ 0126 ] In each of the above - described embodiments , the 
case where the communication device 10 and the commu 
nication device 20 communicate with each other via one 
communication network 30 has been described . However , 
when the communication device 10 and the communication 
device 20 can support a plurality of communication net 
works , it is assumed that packets are transmitted and 
received via the plurality of communication networks . 
Therefore , in this embodiment , a configuration will be 
described in which the corrected delay time is used when the 
communication device 10 can communicate with the com 
munication device 20 via a plurality of communication 
networks . 
[ 0127 ] FIG . 12 illustrates a communication system 2 of 
the present embodiment . The communication device 11 
includes a network determination unit 111 in addition to the 
configuration shown in FIG . 1. Further , in the communica 
tion system 2 shown in FIG . 12 , the communication device 
11 is configured to communicate with the communication 
device 20 through the communication network 31 ( corre 
sponding to a " second communication network ” ) instead of 
the communication network 30 ( corresponding to a “ first 
communication network ” ) . 

[ 0118 ] In the first to fourth embodiments , the correction 
value is calculated using the minimum delay time that is the 
smallest value among the delay times acquired within the 
predetermined period . However , if there is a discrepancy 
between the interval at which the clock 101 counts the time 
and the interval at which the clock 201 counts the time , the 
time difference r between the clock 101 and the clock 201 
may change with the passage of time . In such a case , the 
accuracy of the correction value corresponding to the time 
difference r calculated using the first to fourth embodiments 
may decrease . 
[ 0119 ] Therefore , in the present embodiment , in order to 
suppress the decrease of the accuracy of the correction 
value , a predetermined period is set according to the change 
over time of the time difference r , and the correction value 
is calculated using the minimum value of the delay times 
acquired within the predetermined period . 
[ 0120 ] The correction unit 105 of the present embodiment 
calculates the correction value a based on the minimum 
delay time that is the smallest value among the delay times 

r 
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work consists of 3G and the Internet , the delay time gener 
ated due to the Internet usually has little effect , and the 
corrected delay time of the target packet tends to be the same 
as the delay time of 3G . Thus , even if a communication 
network consists of multiple networks , a network with a 
large delay time value can be identified when the commu 
nication network consists of a network with a tendency to 
have a large delay time value and a network with a tendency 
to have a small delay time value . 
[ 0135 ] When the communication device 11 is a device 
such as a router and a repeater , the communication device 11 
may not have detailed information about the communication 
network in use . According to the present embodiment , even 
when the communication network in use is unknown , it is 
possible to identify the communication network by using the 
delay time as a reference for the communication network . 
[ 0136 ] As another example , the network determination 
unit 111 may predict and determine the delay when a 
predetermined load is applied to the first or second commu 
nication network by using the reference delay time deter 
mined by the method described above and the line speed of 
the first or second communication network 30 , 31 . 
[ 0137 ] For example , the following formula 13 is used to 
predict the delay time T ; that occurs when transmitting and 
receiving packets . 

i 

T ; = Dp + X ' ( DatainQ \ / s ( Formula 13 ) = 

N 

[ 0128 ] The correction unit 105 of the present embodiment 
corrects the delay time of the target packet by using any of 
the methods described in the first to fifth embodiments . The 
correction unit 105 of the present embodiment saves , in the 
memory 106 as a reference delay time ( hereinafter , referred 
to as a first reference delay time ) in the first communication 
network 30 , the smallest corrected delay time that is the 
smallest in the corrected delay times of the packets trans 
mitted or received via the first communication network 30 . 
Here , the first reference delay time is estimated to be a delay 
time in a state where the first communication network 30 is 
not loaded , that is , in a no - load state . 
[ 0129 ] The correction unit 105 saves , in the memory 106 
as a reference delay time ( hereinafter , referred to as a second 
reference delay time ) in the second communication network 
31 , the smallest corrected delay time that is the smallest in 
the corrected delay times of the packets transmitted or 
received via the second communication network 31. Similar 
to the first reference delay time , the second reference delay 
time is estimated to be the delay time when the second 
communication network 31 is in a no - load state . 
[ 0130 ] When the communication network used by the 
communication device 11 is unknown , the network deter 
mination unit 111 compares the corrected delay time of the 
packet transmitted and received using the unknown com 
munication network with the reference delay time stored in 
the memory 106 . 
[ 0131 ] When the corrected delay time is close to the first 
reference delay time , the network determination unit 111 
determines that the unknown communication network is the 
first communication network 30. In contrast , when the 
corrected delay time is close to the second reference delay 
time , the network determination unit 111 determines that the 
unknown communication network is the second communi 
cation network 31. The method for determining which 
reference delay time is closer to the corrected delay time is , 
for example , a method such as an absolute value of the 
difference between the delay time and the reference delay 
times , past statistical results , and the like . 
[ 0132 ] FIG . 13 schematically shows the delay time that 
may occur in communication networks and the occurrence 
rate thereof . As shown in FIG . 13 , different communication 
networks tend to have different communication delay times 
that can occur . Therefore , the communication network in use 
can be determined by comparing the value of the corrected 
delay time with the communication delay time for each 
communication network . FIG . 13 illustrates the difference in 
the delay time of different communication networks , and 
WiFi , LTE , and 3G communication networks do not neces 

ily show the delay time shown in FIG . 13 . 
[ 0133 ] The case in which the communication device 10 
and the communication device 20 can communicate via two 
communication networks 30 , 31 is described as an example , 
but of course , communication devices may communicate via 
any number of communication networks . 
[ 0134 ] The communication networks 30 , 31 used to trans 
mit and receive packets may each consist of multiple net 
works . For example , the communication network may con 
sist of 3G and the Internet . Although not shown in FIG . 13 , 
it is known that the delay time of the Internet is usually 
extremely short compared to LTE , 3G , etc. , except when the 
transmission distance is extremely long , the transmission 
path includes wireless sections , or there is congestion on the 
transmission path . Therefore , when the communication net 

i 

[ 0138 ] DatainQ is the amount of data in the queue waiting 
for packets to be transmitted from the communication unit 
102 , Dyis the reference delay time , and S is the line speed . 
[ 0139 ] When the reference delay time DN and the value of 
line speed S are known for each of the communication 
networks 30 , 31 , the delay time T , that could occur when the 
amount of data pushed to the queue waiting for transmission 
is adjusted can be calculated using the formula 13 . 
[ 0140 ] In the above description , the network determina 
tion unit 111 is configured to identify the communication 
network using the corrected delay time acquired by the 
method described in the first to fifth embodiments . However , 
the network determination unit 111 may identify the com 
munication network using the delay time of the packet 
transmitted between two communication devices whose 
times are synchronized . 
[ 0141 ] The communication device according to this 
embodiment is as follows . 
[ 0142 ] A communication device ( 11 ) configured to trans 
mit and receive packets from an outside communication 
device through a first communication network ( 30 ) or a 
second communication network ( 31 ) , the communication 
device comprising : a communication unit ( 102 ) configured 
to receive first packets transmitted from the outside com 
munication device , and transmit second packets to the 
outside communication device ; a delay time acquiring unit 
( 103 ) configured to acquire a first delay time that is a time 
length from a second device transmission time when the first 
packet is transmitted from the outside communication 
device to a first device reception time when the communi 
cation unit receives the first packet , and a second delay time 
that is a time length from a first device transmission time 
when the communication unit transmits the second packet to 
a second device reception time when the outside communi 
cation device receives the second packet ; a memory ( 106 ) 
configured to store a minimum value among the delay times 
of the packets transmitted through the first communication 

a 
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network as a first reference delay time , and a minimum value 
among the delay times of the packets transmitted through the 
second communication network as a second reference delay 
time ; a selection unit ( 104 ) configured to select one of the 
first packet and the second packet as a target packet ; and a 
network determination unit ( 111 ) configured to determine 
the first communication network or the second communica 
tion network through which the target packet is transmitted 
by comparing the delay time of the target packet with the 
first reference delay time and the second reference delay 
time . 

CONCLUSION 
[ 0143 ] The features of the communication devices accord 
ing to each embodiment of the present disclosure are 
described above . 
[ 0144 ] Terms used in the description of each embodiment 
are examples and may be replaced with synonymous terms 
or terms having a synonymous function . 
[ 0145 ] The block diagram used in the description of each 
embodiment is a diagram in which the configurations of 
devices and the like are classified and organized by function . 
An individual function of the functional blocks may be 
implemented by ( 1 ) hardware alone ( i.e. , by using hardware 
circuitry including digital and / or analog circuits without 
CPU ) , or ( ii ) software alone ( i.e. , by using CPU along with 
memory storing program instructions ) , or ( iii ) any combi 
nation of the hardware and the software . Further , since the 
block diagram illustrates the functions , the block diagram 
can be understood as disclosure of the method and the 
program that implements the method . 
[ 0146 ] Order of functional blocks that can be grasped as 
processing , a sequence , and a method described in relation 
to each embodiment may be changed unless some restriction 
is imposed , for example , a result from one step is utilized at 
another step . 
[ 0147 ] The terms first , second , and N - th ( N is an integer ) 
used in each embodiment and the claims are used to distin 
guish two or more configurations of the same type and two 
or more methods of the same type and do not limit the order 
and superiority and inferiority . 
[ 0148 ] Further , examples of the communication device 
described in the present disclosure include the following . 
Examples of the security management device according to 
the present disclosure include a semiconductor device , an 
electronic circuit , a module , and a microcontroller . 
Examples of a form of a semifinished product include an 
electronic control device ( electronic control unit ( ECU ) ) and 
a system board . Example of the security management device 
according to the present disclosure include a mobile phone , 
a smartphone , a tablet , a personal computer ( PC ) , a work 
station , a server , and a router . Further , the security manage 
ment device may be a device having a communication 
function such as a video camera , a still camera , a car 
navigation system . 
[ 0149 ] The present disclosure is implemented not only by 
dedicated hardware having a configuration and a function 
described in relation to each embodiment . The present 
disclosure can also be implemented as a combination of a 
program for implementing the present disclosure , recorded 
on such a recording medium as memory and a hard disk and 
general - purpose hardware including dedicated or general 
purpose CPU , memory , or the like , capable of executing the 
program . 

[ 0150 ] A program may be stored in a non - transitory tan 
gible storage medium including ( i ) an external storage ( e.g. , 
hard disk , USB memory , CD / BD ) , or ( ii ) an internal storage 
( e.g. , RAM , ROM ) in a special - purpose or general - purpose 
hardware ( e.g. , computer ) . Such a program may be down 
loaded to the storage medium in the hardware via a com 
munication link from a server . As a result , it is possible to 
provide a latest function by updating the program . 
What is claimed is : 
1. A communication device configured to communicate 

with an outside communication device to transmit and 
receive packets through a communication network , the out 
side communication device including a second clock , the 
communication device comprising : 

a first clock ; 
a communication unit configured to 

receive first packets transmitted from the outside com 
munication device , and 

transmit second packets to the outside communication 
device ; 

a delay time acquiring unit configured to acquire 
a first delay time that is a time length from a second 

device transmission time when the first packet is 
transmitted from the outside communication device 
to a first device reception time when the communi 
cation unit receives the first packet , the second 
device transmission time being a time indicated by 
the second clock , the first device reception time 
being a time indicated by the first clock , and 

a second delay time that is a time length from a first 
device transmission time when the communication 
unit transmits the second packet to a second device 
reception time when the outside communication 
device receives the second packet , the first device 
transmission time being a time indicated by the first 
clock , the second device reception time being a time 
indicated by the second clock ; 

a selection unit configure to select one of the first packet 
and the second packet as a target packet ; and 

a correction unit configured to 
calculate a correction value as a time difference of the 

first clock and the second clock based on a first 
minimum delay time that is a minimum value among 
the first delay times acquired in a predetermined 
period or a second minimum delay time that is a 
minimum value among the second delay times 
acquired in the predetermined period , and 

correct the delay time of the target packet using the 
correction value . 

2. The communication device according to claim 1 , 
wherein 

the second packet contains the first device transmission 
time , 

the first packet contains the second delay time , and 
the delay time acquiring unit is configured to acquire the 

second delay time contained in the first packet . 
3. The communication device according to claim 1 , 

wherein 
the first packet contains the second device reception time , 

and 
the delay time acquiring unit is configured to acquire , as 

the second delay time , a time length from the first 
device transmission time to the second device reception 
time contained in the first packet . 

a 



US 2022/0353053 A1 Nov. 3 , 2022 
12 

a 

a 

4. The communication device according to claim 1 , 
wherein 

the target packet is the second packet , and 
the correction unit is configured to calculate the first 
minimum delay time as the correction value . 

5. The communication device according to claim 1 , 
wherein 

the correction unit is configured to calculate , as the 
correction value , a smaller one of the first minimum 
delay time and the second minimum delay time . 

6. The communication device according to claim 1 , 
wherein 

the correction unit is configured to calculate , as the 
correction value , a half of a difference between the first 
minimum delay time and the second minimum delay 
time . 

7. The communication device according to claim 1 
wherein 
when ( i ) a round - trip delay time lower limit that is a lower 

limit of a sum of a first actual delay time that is an 
actual time length from a time when the other commu 
nication device transmits the first packet to a time when 
the communication device receives the first packet and 
a second actual delay time that is an actual time length 
from a time when the communication device transmits 
the second packet to a time when the other communi 
cation device receives the second packet and ( ii ) a 
delay time proportion that is a proportion of the first 
actual delay time and the second actual delay time are 
known , the correction unit calculates the correction 
value based on the round - trip delay time lower limit 
and the delay time proportion in addition to the first 
minimum delay time or the second minimum delay 
time . 

8. The communication device according to claim 1 , 
wherein 

the predetermined period is a period from a first timing to 
a second timing , and 

a difference between ( i ) a first time difference between a 
time indicated by the first clock at the first timing and 
a time indicated by the second clock at the first timing 
and ( ii ) a second time difference between a time indi 
cated by the first clock at the second timing and a time 
indicated by the second clock at the second timing is at 
or below a threshold value . 

9. The communication device according to claim 1 , the 
communication device being configured to communicate 
with the other communication device through a first com 
munication path and a second communication path , wherein 

the first minimum delay time is a minimum value among 
the first delay times of the first packets transmitted 
through the first communication path and the first delay 
times of the first packets transmitted through the second 
communication path , and 

the second minimum delay time is a minimum value 
among the second delay times of the second packets 
transmitted through the first communication path and 
the second delay times of the second packets transmit 
ted through the second communication path . 

10. A computer program product for a communication 
device to correct a delay time , the communication device 
including a first clock and being configured to communicate 
with an outside communication device to transmit and 
receive packets through a communication network , the out 

side communication device including a second clock , the 
computer program product stored on a non - transitory com 
puter readable medium and comprising instruction config 
ured to , when executed by at least one processor , cause the 
at least one processor to : 

receive first packets transmitted from the outside com 
munication device ; 

transmit second packets to the outside communication 
device ; 

acquire 
a first delay time that is a time length from a second 

device transmission time when the first packet is 
transmitted from the outside communication device 
to a first device reception time when the communi 
cation unit receives the first packet , the second 
device transmission time being a time indicated by 
the second clock , the first device reception time 
being a time indicated by the first clock , and 

a second delay time that is a time length from a first 
device transmission time when the communication 
unit transmits the second packet to a second device 
reception time when the outside communication 
device receives the second packet , the first device 
transmission time being a time indicated by the first 
clock , the second device reception time being a time 
indicated by the second clock ; 

select one of the first packet and the second packet as a 
target packet ; 

calculate a correction value as a time difference of the first 
clock and the second clock based on a first minimum 
delay time that is a minimum value among the first 
delay times acquired in a predetermined period or a 
second minimum delay time that is a minimum value 
among the second delay times acquired in the prede 
termined period , and 

correct the delay time of the target packet using the 
correction value . 

11. A method of correcting a delay time for a communi 
cation device including a first clock and configured to 
communicate with an outside communication device to 
transmit and receive packets through a communication net 
work , the outside communication device including a second 
clock , the method comprising : 

receive first packets transmitted from the outside com 
munication device ; 

transmit second packets to the outside communication 
device ; 

acquire 
a first delay time that is a time length from a second 

device transmission time when the first packet is 
transmitted from the outside communication device 
to a first device reception time when the communi 
cation unit receives the first packet , the second 
device transmission time being a time indicated by 
the second clock , the first device reception time 
being a time indicated by the first clock , and 

a second delay time that is a time length from a first 
device transmission time when the communication 
unit transmits the second packet to a second device 
reception time when the outside communication 
device receives the second packet , the first device 
transmission time being a time indicated by the first 
clock , the second device reception time being a time 
indicated by the second clock ; 
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select one of the first packet and the second packet as a 
target packet ; 

calculate a correction value as a time difference of the first 
clock and the second clock based on a first minimum 
delay time that is a minimum value among the first 
delay times acquired in a predetermined period or a 
second minimum delay time that is a minimum value 
among the second delay times acquired in the prede 
termined period , and 

correct the delay time of the target packet using the 
correction value . 
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