
IN 
US 20200059688A1 

( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No .: US 2020/0059688 A1 

SHIMOFURE et al . ( 43 ) Pub . Date : Feb. 20 , 2020 

Publication Classification ( 54 ) DECODING DEVICE , RECEPTION DEVICE , 
TRANSMISSION DEVICE , 
TRANSMISSION / RECEPTION SYSTEM , 
DECODING METHOD , AND STORAGE 
MEDIUM HAVING DECODING PROGRAM 
STORED THEREIN 

( 71 ) Applicant : NEC CORPORATION , Tokyo ( JP ) 

( 72 ) Inventors : Kensuke SHIMOFURE , Tokyo ( JP ) ; 
Yasuhisa NAKATA , Tokyo ( JP ) 

( 73 ) Assignee : NEC CORPORATION , Tokyo ( JP ) 

( 21 ) Appl . No .: 16 / 662,135 

( 51 ) Int . Cl . 
H04N 21/434 ( 2006.01 ) 
HO4N 5/44 ( 2006.01 ) 
H04N 21/643 ( 2006.01 ) 
H04N 21/61 ( 2006.01 ) 
H04N 21/43 ( 2006.01 ) 

( 52 ) U.S. CI . 
CPC H04N 21/4341 ( 2013.01 ) ; H04N 5/4401 

( 2013.01 ) ; H04N 21/64322 ( 2013.01 ) ; H04N 
21/43 ( 2013.01 ) ; H04N 21/4302 ( 2013.01 ) ; 

H04N 21/434 ( 2013.01 ) ; H04N 21/6112 
( 2013.01 ) 

( 57 ) ABSTRACT 
A method for receiving data , the method includes receiving 
a plurality of assets , each asset including a Media Processing 
Unit ( MPU ) ; receiving a packet identification for each asset 
among the plurality of assets via respective Moving Picture 
Experts Group ( MPEG ) Media Transport Protocol ( MMTP ) 
packets ; receiving a time stamp information referencing 
UTC ( Coordinated Universal Time ) in the MPU , the time 
stamp information representing a presentation time of a first 
access unit in presentation order in the MPU ; and receiving 
a leap second insertion flag indicating when a leap second 
will be inserted , and receiving a leap second deletion flag 
indicating when a leap second will be deleted , the leap 
second insertion flag and the leap second deletion flag 
indicating a presence of a leap second event , wherein the 
first access unit in the MPU is presented at the time signaled 
in reference to the time stamp information . 

( 22 ) Filed : Oct. 24 , 2019 

Related U.S. Application Data 
( 63 ) Continuation of application No. 16 / 031,736 , filed on 

Jul . 10 , 2018 , now Pat . No. 10,491,944 , which is a 
continuation of application No. 15 / 550,043 , filed on 
Aug. 10 , 2017 , now Pat . No. 10,194,196 , filed as 
application No. PCT / JP2016 / 000874 on Feb. 18 , 
2016 . 

( 30 ) Foreign Application Priority Data 

Mar. 2 , 2015 ( JP ) 2015-040456 

MULTIMEDIA 
INFORMATION 

300 

TRANSMITTER RECEPTION 
MULTIMEDIA 

220 
DECODING 

RECEIVER 



Patent Application Publication Feb. 20 , 2020 Sheet 1 of 12 US 2020/0059688 A1 

Fig . 1 oooooo 

600a 

INFORMATION 

500 
300 

TRANSMITTER RECEPTION 
MULTIMEDIA 
INFORMATION 

220 
********* 



Fig . 2 

Patent Application Publication 

AUDIO 

CAPTION 

IS - IWW 

TIME INFORMATION ( NTP ) 

HEVC 

AAC , ALS 

CODING 

DATA TRANSMISSION 
Feb. 20 , 2020 Sheet 2 of 12 

???? ???? ???? ???? ???? ???????????? 

44444444444 

BROADCASTING 

US 2020/0059688 A1 



Fig . 3 

Patent Application Publication 

CAPTION 

APP 

IS - IWN 

CONTENT DOWNLOAD 

AAC , ALS 

INFORMATION ( NTP ) 

MMT 

TRANSMISSION SCHEME 

Feb. 20 , 2020 Sheet 3 of 12 

UDP / IP , TCP / IP 

dl / dan 

COMMUNICATION 

US 2020/0059688 A1 



Fig . 4 

DECODED PICTURE 

Patent Application Publication 

DPB1 

COMMUNICATION 

HDD 

NAL UNIT 

ACCESS UNIT 

PACKET 
BROADCAST TRANS MISSION PATH . 

BUFFER 
MMIT 

MMTP Bn 

AUDIO 

IP PACKETS 

Feb. 20 , 2020 Sheet 4 of 12 

LATM / LOAS STREAM FORMAT 

202 

203 

FORMAT OR RAW DATA STREAM 

STREAM FORMAT 

INFORMATION 

MMTP BUFFER 

DECODING 
CONTROL MESSAGE 

US 2020/0059688 A1 

205 



Fig . 5 

Patent Application Publication 

3 

1 / B 

DECODING IRAP ORDER 

39 

dts_pts offset ( n ) 

Feb. 20 , 2020 Sheet 5 of 12 

HAL 

MPU decoding time_offset 

PRESENTATION ORDER 

32 

33 34 

35 

36 

37 

MPU_presentation time 

pts offset ( n ) 

US 2020/0059688 A1 



TRANSMITTER 

Fig . 6 

( ONE SECOND ADDED ) 

NIP TIME INFORMA TION ( + NINE HOURS ) 

8:59:57 . 
+ 0 + 0.999 

8:59:59 . 
+ 0 + 0.999 

8:59:59 . 
+ 0 + 0.999 

9:00:02 . 

9:00:00 . 
+ 0 + 0.999 

+ - + 0.999 

--- 0-0.999 
*** 

Patent Application Publication 

7,4 % . 

OM 

W wyn www 

TRANSMISSION ( MPU sequence number ) 

... 

8 : 59 : 59.5 

9 : 00 : 02.5 

MPU presentation time : 

9 : 00 : 01.5 

9 : 00 : 01.0 

Feb. 20 , 2020 Sheet 6 of 12 

NTP TRANSMISSION 

DODODOOOOOOOOOOOOODOODOODOO D0000ODOODOOOOOOOODOOOOOOOOOOOOOOOOOOO 
NTP leap indicator 

( 0 ) 

RECEIVER 

W KRW ** 

WWW 

VIDEO MPU 

Vrywa 

( 1 ) ( 2 ) 

DISPLAY 

( 5 ) 

cas ! 

US 2020/0059688 A1 

WAV W 

U wo 

Narodot 



LEAP SECOND ( ONE SECOND ADDED ) 

Fig . 7 

TRANSMITTER NTP TIME INFORMA TION ( + NINE HOURS ) 

8,59 : 57 0 paund 0.999 

8:59:58 . +0 -0.999 

8:59:59 .. 
njin Oradan 
-0.999 

- 0 comigo uf- 0.999 

** 0.999 

+ 0 + 0.999 

+00.999 
Patent Application Publication 

( 2 ) 

( 3 ) 

( 4 ) 

TRANSMISSION ( MPU sequence number ) 

??? 

MPU presentation time : 

8 : 59 : 59.5 

8 : 59 : 59.0 

9 : 00 : 00.0 

NTP TRANSMISSION 

00000000000L 

??????? 
?????????? 

000000000000000000000000000000000000000000000000C 
Feb. 20 , 2020 Sheet 7 of 12 

NTP leap indicator 

KA 

VIDEO MPU 

( 1 ) 

( 3 ) 

( 9 ) ( 10 ) 

* * 

* . ini 

Wwwww 

MPU presentation time : INSTRUCTED 

LEAP SECOND FLAG IS MONITORED BY RECEIVER AND DECODING 
OPERATION IS PERFORMED WITHOUT REFERRING TO MPU presentation time 

US 2020/0059688 A1 

www . 

( 1 ) ( 2 

( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 10 ) 

M. 

o'r'in 

o nj w 

21 20 72 m . 

12. W 

' W.VV 



Patent Application Publication Feb. 20 , 2020 Sheet 8 of 12 US 2020/0059688 A1 

Fig . 8 

LEAP SECOND INSERTION FLAG SET ? 

DOES TIMING OF INSERTING LEAP 

PREDETERMINED TIME ? 

9102 

DETERMINED AS SELE - RUNNNG MODE 

DETERMINE DECODE TIMINGS 

DECODE MMTP PACKETS ON THE 
BASIS OF SELF - RUNNING MODE 

PRESENT VIDEO AND AUDIO 

S106 

HAS PREDETERMINED TIME PASSED 

EXECUTE PROCESSING BASED ON 
MPU presentation time 

S108 



LEAP SECOND ( ONE SECOND ADDED ) 

Fig . 9 

TRANSMITTER 

8:59:57 . 

NTP TIME INFORMA TION ( + NINE HOURS ) 

8:59:56 , 
+ 0 + 0.999 

8:59:58 , 
+ 0 + 0.999 

9:00:02 . 
* - * -0.999 

+ 0 + 0.999 

+0 -0.999 

Patent Application Publication 

9 . 

( 2 ) i ( 3 ) 

( 5 ) 

( 10 ) 

TRANSMISSION ( MPU sequence number ) 

min . 

LI 

8 : 59 : 58.5 

9 : 00 : 00.5 

9 : 00 : 03.5 

MPU presentation time : 

9 : 00 : 02.5 

19 : 00 : 02.0 

MTR TRANSMISSION 

DOOO00000000000 
0000000000OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODE 

Feb. 20 , 2020 Sheet 9 of 12 

NIP leap indicator RECEIVER 

( 2 ) 

RECEPTION 

a 

mu 

maison 

DISPLAY 

( 7 ) ( 8 ) ( 0 ) ( 10 ) 

US 2020/0059688 A1 

( 4 ) 



LEAD SECOND ( ONE SECOND ADDED ) 

Fig . 10 

TRANSMITTER NTP TIME INFORMA TION ( --- NINE HOURS ) 

9:00:00 

8:59:58 +00.999 

+ 0 + 0.999 

9:00:02 . 
+ 0 + 0.999 

9:00:03 . 
+ 0 + 0.999 

+ 0 + 0.999 

666 04-70 + 

Patent Application Publication 

Hy www 

( 5 ) 

( 6 ) ( 7 ) ( 8 ) 

TRANSMISSION ( MPU_sequence number ) 

( ** 11 

A AV 

MPU presentation time 

9 : 00 : 02.5 

9 : 00 : 02.0 

9 : 00 : 03.5 

9 : 00 : 03.0 

8 : 59 : 58.0 

9 : 00 : 00.0 

NTP TRANSMISSION 

00000000000000DDODO 
JODD0000000000000 
0001 

0000000 
0000000 

Feb. 20 , 2020 Sheet 10 of 12 

( 2 ) 

NTP leap indicator mmmmmmmm RECEIVER 

* 

CA * u KUMW.WW. 

VIDEO MPU 

23 

4 ) 

. W MPU presentation time : INSTRUCTED 

LEAP SECOND FLAG IS MONITORED BY RECEIVER AND DECODING 
OPERATION IS PERFORMED WITHOUT REFERRING TO MPU presentation time 

US 2020/0059688 A1 

****** MMM CCM *** WWW WW WW MWh for Mac mitindo hot 

VIDEO MPU 

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 8 ) ( 7 ) ( 8 ) 

Wh 

w UA mv 

W WM 



Patent Application Publication Feb. 20 , 2020 Sheet 11 of 12 US 2020/0059688 A1 

Fig . 11 
START 
T 

LEAP SECOND ELIMINATION FLAG 

SECOND FALL WITHIN 
PREDETERMINED TIME ? 

S202 

DETERMINED AS SELF RUNNNG MODE 

DETERMINE DECODE TIMINGS 

S204 

DECODE MMTP PACKETS ON THE 
BASIS OF SEL - RUNNING MODE 

S205 

PRESENT VIDEO AND AUDIO 

S206 
N 

HAS PREDETERMINED TIME PASSED 
FROM ELIMINATION OF LEAP SECOND ? 

EXECUTE PROCESSING BASED ON 
MPU presentation time 

S208 



Patent Application Publication Feb. 20 , 2020 Sheet 12 of 12 US 2020/0059688 A1 

Fig . 12 

21 

??? ???? ??? ?? DECODING UNIT 

TRANSMITTER 22 

DETERMINATION 

DECODING APPARATUS 



US 2020/0059688 A1 Feb. 20 , 2020 
1 

DECODING DEVICE , RECEPTION DEVICE , 
TRANSMISSION DEVICE , 

TRANSMISSION / RECEPTION SYSTEM , 
DECODING METHOD , AND STORAGE 

MEDIUM HAVING DECODING PROGRAM 
STORED THEREIN 

nesses , [ retrieved on Feb. 26 , 2015 ] , the Internet < URL : http://arib.or.jp/english/html/overview/doc/2-STD-B60v_1_ 
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SUMMARY OF INVENTION 

Technical Problem 
CROSS - REFERENCE TO RELATED 

APPLICATIONS 
[ 0001 ] This application is a continuation of U.S. applica 
tion Ser . No. 16 / 031,736 , filed Jul . 10 , 2018 , which is a 
continuation of U.S. application Ser . No. 15 / 550,043 , filed 
on Aug. 10 , 2017 , now U.S. Pat . No. 10,194,196 , issued Jan. 
29 , 2019 , which is a National Stage of International Appli 
cation No. PCT / JP2016 / 000874 , filed on Feb. 18 , 2016 , 
which claims priority from Japanese Patent Application No. 
2015-040456 , filed on Mar. 2 , 2015 , the contents of all of 
which are incorporated herein by reference in their entirety . 

TECHNICAL FIELD 

[ 0002 ] The present invention relates to a decoding appa 
ratus , a receiver , a transmitter , a transmission / reception 
system , a decoding method , and a storage medium storing a 
decoding program for transmission of encoded packets . 

BACKGROUND ART 

[ 0003 ] Digitization that changes signals transmitted / re 
ceived in television broadcasting from analog signals to 
digital signals has proceeded around the world . In Japan , 
terrestrial digital broadcasting based on the ISDB - T ( Inte 
grated Services Digital Broadcasting - Terrestrial ) scheme is 
performed 
[ 0004 ] In the terrestrial digital broadcasting based on the 
ISDB - T scheme , television program information including 
video information and audio information and data broadcast 
information ( hereinafter , referred to as television program 
information and the like ) are transmitted by radio waves to 
a large number of receivers . Further , also in satellite broad 
casting and cable television broadcasting , similar informa 
tion is transmitted . The receivers reproduce video and audio 
on the basis of the transmitted television program informa 
tion and the like . 
[ 0005 ] Further , for reasons of enhancing the quality of 
video and audio to be output to receivers , increasing the 
number of types , and the like , it has been investigated that 
a larger number of pieces of information are transmitted to 
receivers , and standardization of a new media transport 
scheme referred to as MMT ( MPEG ( Moving Picture 
Experts Group ) Media Transport ) has proceeded , as 
described in , for example , NPL 1 . 
[ 0006 ] In PTL 1 , a method for appropriately decoding 
coded data in MMT is described . 

[ 0009 ] However , even when television program informa 
tion and the like are transmitted by radio waves , it is difficult 
for a receiver to appropriately receive the television program 
information and the like in some cases due to changes in 
weather conditions or the like . 
[ 0010 ] Therefore , in MMT , via a plurality of transmission 
paths referred to as a communication line and radio waves , 
television program information and the like are transmitted / 
received , and when it has been difficult to appropriately 
receive television program information and the like trans 
mitted by radio waves , video and audio are reproduced on 
the basis of television program information and the like 
transmitted via a communication line . To perform reproduc 
tion in such a manner , it is necessary for the receiver to 
decode and reproduce the television program information 
and the like transmitted via the communication line and the 
television program information and the like transmitted by 
radio waves at appropriate timings . 
[ 0011 ] Here , a broadcaster generates time information so 
that a receiver can perform reproduction at appropriate 
timings on the basis of a time stamp of NTP ( Network Time 
Protocol ) and transmits the generated time information by 
being associated with television program information and 
the like . Now , the time stamp of NTP refers to information 
indicating a time based on NTP . The receiver reproduces 
video and audio based on the television program information 
and the like at appropriate timings on the basis of a sepa 
rately acquired time stamp of NTP and the time information 
associated with the television program information and the 
like . 
[ 0012 ] The time stamp of NTP is based on Coordinated 
Universal Time . Coordinated Universal Time is adjusted to 
be made close to Universal Time once in several years . The 
adjustment is performed by inserting a leap second or 
eliminating a leap second . Specifically , when a leap second 
is inserted , a time stamp indicating , for example , eight 
fifty - nine and fifty nine seconds ( hereinafter , referred to as 
" 8:59:59 " or the like ) is generated twice continuously . 
Further , when a leap second is eliminated , a time stamp 
indicating the next second of 8:59:58 is generated so as to 
indicate 9:00:00 . 
[ 0013 ] Then , in the method described in Patent Literature 
1 , when the adjustment is performed , it is difficult for a 
receiver to appropriately determine timings of reproducing 
video and audio based on transmitted television program 
information and the like . In Non Patent Literature 1 , any 
response to the case in which the adjustment is performed is 
not disclosed . 
[ 0014 ] Further , even when the adjustment is not per 
formed , it is difficult that a receiver having received televi 
sion program information and the like transmitted via a 
communication line and television program information and 
the like transmitted by radio waves reproduces video and 
audio by decoding these pieces of information at appropriate 
timings . 
[ 0015 ] Furthermore , even in the case of not performing the 
adjustment , when a receiver receives television program 

CITATION LIST 

Patent Literature 

[ 0007 ] [ PTL 1 ] International Publication WO2014 / 196189 

Non Patent Literature 

[ 0008 ] [ NPL 1 ] “ MMT - Based Media Transport Scheme in 
Digital Broadcasting Systems , Version 1.1 " , [ online ] , 
December 2014 , Association of Radio Industries and Busi 
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information and the like in an order different from a trans 
mission order upon transmitting the television program 
information and the like via a communication line , it is 
difficult that the receiver decodes and reproduces these 
pieces of information at appropriate timings . 
[ 0016 ] Therefore , the present invention is intended to 
provide a decoding apparatus , a receiver , a transmitter , a 
transmission / reception system , a decoding method , and a 
storage medium storing a decoding program for decoding 
pieces of information sequentially transmitted at appropriate 
timings . 

decoding packets transmitted from a transmitter ; and decode 
time determination processing for determining timings of 
decoding the packets in the decoding processing on the basis 
of adjustment information in accordance with adjustment of 
times for causing Coordinated Universal Time to be close to 
Universal Time , the times being included in the packets , 
wherein the packets include processing interval information 
that indicates a processing interval of access units that are 
sets including own packets , and wherein the decode time 
determination processing determines to sequentially decode 
the packets configuring the respective access units at inter 
vals in accordance with the interval indicated by the pro 
cessing interval information when the adjustment informa 
tion indicates that the times are adjusted . 

Advantageous Effects of Invention 
[ 0023 ] According to the present invention , pieces of infor 
mation sequentially transmitted can be decoded at appropri 
ate timings . 

BRIEF DESCRIPTION OF DRAWINGS 

Solution to Problem 
[ 0017 ] A decoding apparatus according to an exemplary 
aspect of the present invention includes : a decoding unit for 
decoding packets transmitted from a transmitter , and a 
decode time determination unit for determining timings of 
decoding the packets by the decoding unit on the basis of 
adjustment information in accordance with adjustment of 
times for causing Coordinated Universal Time to be close to 
Universal Time , the times being included in the packets , 
wherein the packets include processing interval information 
that indicates a processing interval of access units that are 
sets including own packets , and the decode time determi 
nation unit determines to sequentially decode the packets 
configuring the respective access units at intervals in accor 
dance with the interval indicated by the processing interval 
information when the adjustment information indicates that 
the times are adjusted . 
[ 0018 ] A receiver according to an exemplary aspect of the 
present invention includes a decoding apparatus according 
to any one of aspects and a reception apparatus that receives 
packets . 
[ 0019 ] A transmitter according to an exemplary aspect of 
the present invention includes , on a reception side , a trans 
mission unit for transmitting packets including adjustment 
information in accordance with adjustment of times for 
causing Coordinated Universal Time to be close to Universal 
Time in order to decode packets in accordance with contents 
at predetermined timings and processing interval informa 
tion that indicates a processing interval of access units that 
are sets including own packets . 
[ 0020 ] A transmission / reception system according to an 
exemplary aspect of the present invention includes a 
receiver and a transmitter according to any one of aspects . 
[ 0021 ] A decoding method according to an exemplary 
aspect of the present invention includes : a decoding step of 
decoding packets transmitted from a transmitter ; and a 
decode time determination step of determining timings of 
decoding the packets in the decoding step on the basis of 
adjustment information in accordance with adjustment of 
times for causing Coordinated Universal Time to be close to 
Universal Time , the times being included in the packets , 
wherein the packets include processing interval information 
that indicates a processing interval of access units that are 
sets including own packets , and wherein the decode time 
determination step determining to sequentially decode the 
packets configuring the respective access units at intervals in 
accordance with the interval indicated by the processing 
interval information when the adjustment information indi 
cates that the times are adjusted . 
[ 0022 ] A storage medium according to an exemplary 
aspect of the present invention stores a decoding program 
that causes a computer to execute : decoding processing for 

[ 0024 ] FIG . 1 is a block diagram illustrating a configura 
tion example of a transmission / reception system of a first 
example embodiment of the present invention . 
[ 0025 ] FIG . 2 is a protocol stack diagram illustrating a 
protocol configuration of multimedia information transmit 
ted / received by radio waves . 
[ 0026 ] FIG . 3 is a protocol stack diagram illustrating a 
protocol configuration of multimedia information transmit 
ted / received via a communication line . 
[ 0027 ] FIG . 4 is a block diagram illustrating a configura 
tion example of a reception buffer in a receiver . 
[ 0028 ] FIG . 5 is an illustrative diagram illustrating an 
outline of access units in an MPU , and presentation times 
and decoding times thereof . 
[ 0029 ] FIG . 6 is an illustrative diagram illustrating an 
example of MPUs transmitted / received when a leap second 
is inserted . 
[ 0030 ] FIG . 7 is an illustrative diagram illustrating an 
example in which a receiver processes MPUs transmitted / 
received when a leap second is inserted . 
[ 0031 ] FIG . 8 is a flowchart illustrating an example in 
which a receiver processes MPUs transmitted / received 
when a leap second is inserted . 
[ 0032 ] FIG . 9 is an illustrative diagram illustrating an 
example of MPUs transmitted / received when a leap second 
is eliminated . 
[ 0033 ] FIG . 10 is an illustrative diagram illustrating an 
example in which a receiver processes MPUs transmitted / 
received when a leap second is eliminated . 
[ 0034 ] FIG . 11 is a flowchart illustrating an example in 
which a receiver processes MPUs transmitted / received 
when a leap second is eliminated . 
[ 0035 ] FIG . 12 is a block diagram illustrating a configu 
ration example of a decoding apparatus of a second example 
embodiment of the present invention . 

DESCRIPTION OF EMBODIMENTS 

A First Example Embodiment 
[ 0036 ] A transmission / reception system of a first example 
embodiment of the present invention will be described with 
reference to the accompanying drawings . FIG . 1 is a block 
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diagram illustrating a configuration example of the trans 
mission / reception system of the first example embodiment 
of the present invention . As illustrated in FIG . 1 , the 
transmission / reception system of the first example embodi 
ment of the present invention includes : a transmitter 100 that 
transmits information ; and a receiver 200 that receives 
information . Hereinafter , the transmitter 100 and the 
receiver 200 may be realized by , for example , a computer 
such as a CPU ( Central Processing Unit ) or the like mounted 
with a single circuit or a plurality of circuits , the computer 
executing processing in accordance with program control . 
Specifically , the transmitter 100 and the receiver 200 are 
mounted with , for example , software for realizing respective 
operations described below . Further , the transmitter 100 and 
the receiver 200 may be configured to realize the respective 
operations described below by executing processing in 
accordance with program control of the software . 
[ 0037 ] Hereinafter , description will be made , assuming 
that a leap second that is a time to be inserted or eliminated 
is one second , but the time may be shorter or longer than one 
second . 
[ 0038 ] The transmitter 100 is installed by , for example , a 
broadcaster and transmits television program information 
and the like . The receiver 200 is installed by , for example , 
a viewer who views video and audio based on television 
program information and the like and receives the television 
program information and the like transmitted by the trans 
mitter 100. Then , the receiver 200 presents ( referred to also 
as reproduces or outputs ) video and audio based on the 
received television program information and the like . Here , 
the video and audio presented in the receiver 200 include 
information of application software including a so - called 
app and various pieces of information such as captions , data , 
and the like . Now , an apparatus that receives information 
transmitted by the transmitter 100 and an apparatus that 
decodes the information received by the apparatus may be 
provided separately . Further , separately from the apparatus 
that decodes the information , an apparatus that presents 
video , audio , and the like based on the decoded information 
may be provided . In other words , means for realizing the 
respective operations described below may be apparatuses 
separate from each other . 
[ 0039 ] As illustrated in FIG . 1 , the transmitter 100 trans 
mits multimedia information 600a by radio waves via an 
antenna 300. Further , the transmitter 100 transmits multi 
media information 600b via a communication line ( which 
may be a communication network such as the Internet or the 
like ) 400. Here , the receiver 200 receives the multimedia 
information 600a via an antenna 500. Further , the receiver 
200 receives the multimedia information 600b via the com 
munication line 400. The pieces of multimedia information 
600a and 600b each are information including television 
program information and the like , and details thereof will be 
described later . 
[ 0040 ] Now , the receiver 200 includes , for example , a 
reception unit 210 that receives pieces of multimedia infor 
mation 600a and 600b and a decoding unit 220 that executes 
decoding processing to be described later . 
[ 0041 ] Pieces of multimedia information 600a and 6006 
transmitted / received between the transmitter 100 and the 
receiver 200 will be described below . 
( 0042 ] FIG . 2 is a protocol stack diagram illustrating a 
protocol configuration of multimedia information 600a 
transmitted / received by radio waves . As illustrated in FIG . 

2 , the multimedia information 600a includes an IP ( Internet 
Protocol ) packet of the TLV ( Type Length Value ) packet 
format and TMCC ( Transmission and Multiplexing Con 
figuration and Control ) that is a control signal . 
[ 0043 ] Further , the IP packet of the TLV format ( herein 
after , referred to also as the TLV packet ) includes time 
information based on NTP and television program informa 
tion and the like based on MMT . 
[ 0044 ] FIG . 3 is a protocol stack diagram illustrating a 
protocol configuration of multimedia information 6005 
transmitted / received via the communication line 400. As 
illustrated in FIG . 3 , the multimedia information 6006 
includes an IP packet in accordance with television program 
information and the like and time information based on NTP . 
Further , the IP packet includes television program informa 
tion and the like based on MMT . 
[ 0045 ] Video information and audio information of the 
television program information and the like included in the 
pieces of multimedia information 600a and 6005 are 
described below . Here , the video information refers to 
information based on video signals . Further , the audio 
information refers to information based on audio signals . 
Furthermore , the transmitter 100 encodes video signals and 
audio signals and stores the coded signals in an MFU ( Media 
Fragment Unit ) . Then , data for , for example , 1 GOP ( Group 
Of Picture ) based on a plurality of MFUs configures an MPU 
( Media Processing Unit ) , and the transmitter 100 stores 
MFUs in an MMTP ( MMT Protocol ) payload and transmits 
the MFUs as an IP packet by an MMTP packet . The video 
signals and the audio signals are converted into various 
types of formats by coding or packetization , but in the 
present example , information based on these video signals 
and information based on these audio signals to be changed 
to various types of formats will be collectively referred to as 
video information and audio information . Further , informa 
tion including video information and audio information to be 
presented to a viewer will be referred to also as content 
information . 
[ 0046 ] The MMTP packet includes a header portion 
referred to as an MMTP header and a payload portion 
referred to as an MMTP payload . The content information is 
included in the MMTP payload . The transmitter 100 gener 
ates an MMTP header including time stamp information that 
is information indicating a time based on an NTP counter . 
[ 0047 ] Further , the MMTP payload stores MPU_presen 
tation_time information that indicates a time ( hereinafter , 
referred to as a presentation time ) of causing the receiver 
200 to output video and audio based on content information 
included in an MMTP packet including own information . 
The receiver 200 executes processing so as to output the 
video and audio based on the content information at the 
presentation time indicated by the MPU_presentation_time 
information . Here , the presentation time is expressed in an 
NTP time stamp format in this example , but the presentation 
time may be expressed in other format which can express the 
time . 
[ 0048 ] The MMTP payload stores mpu_sequence_number 
information . The mpu_sequence_number information refers 
to information that indicates an mpu_sequence_number that 
is a sequence number assigned to identify each MPU from 
other MPUs for each same asset . 
[ 0049 ] Further , the MMTP payload stores packet ID infor 
mation . The packet ID information refers to information that 
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indicates a packet ID for identifying , for example , an MMTP 
packet configuring one asset from an MMTP packet con 
figuring another asset . 
[ 0050 ] Here , for the time information , a flag in accordance 
with adjustment for causing Coordinated Universal Time to 
be close to Universal Time is prepared . Specifically , when , 
for example , a leap second is inserted , for time information 
transmitted during a predetermined period of time prior to 
the timing of timing of inserting the leap second , a leap 
second insertion flag in accordance with insertion of a leap 
second is set . 
[ 0051 ] Further , when , for example , a leap second is elimi 
nated , for time information transmitted during a predeter 
mined period of time prior to the timing of eliminating the 
leap second , a leap second elimination flag in accordance 
with elimination of a leap second is set . Here , the predeter 
mined period of time is , for example , one month . Further , 
the leap second insertion flag and the leap second elimina 
tion flag are equivalent to adjustment information . Further 
more , a timing of setting a flag , a reset timing , and a type of 
a flag to be set are not limited thereto , and a flag in 
accordance with another timing or another type may be used . 
[ 0052 ] Next , a configuration of the receiver 200 will be 
described . FIG . 4 is a block diagram illustrating a configu 
ration example of a reception buffer in the receiver 200 . 
[ 0053 ] In the example illustrated in FIG . 4 , the reception 
buffer of the receiver 200 includes a TLV packet buffer 201 , 
an IP packet buffer 202 , an MMTP transport buffer 203 , 
MMTP buffer 204 , a predecoding buffer 205 , a decoder 206 , 
and a decoded picture buffer 207 . 
[ 0054 ] A TLV packet extracted from multimedia informa 
tion 600a transmitted by radio waves is input to the TLV 
packet buffer 201 and temporality stored therein . 
[ 0055 ] An IP packet based on the TLV packet temporarily 
stored in the TLV packet buffer 201 is input to the IP packet 
buffer 202 and temporarily stored therein . Further , an IP 
packet of multimedia information 600b transmitted from the 
transmitter 100 is input to the IP packet buffer 202 via the 
communication line 400 and temporarily stored therein . 
[ 0056 ] In the MMTP transport buffer 203 , the IP packet , 
being changed to MMTP , temporarily stored in the IP packet 
buffer 202 is classified with respect to each asset such as 
video , audio , and the like on the basis of packet ID infor 
mation included in an MMTP header . Then , the classified IP 
packets are input to the MMTP buffer 204 in accordance 
with the classification result . 
[ 0057 ] In the example illustrated in FIG . 4 , the MMTP 
buffer 204 includes MMTP B1 , MMTP Bn , and MMTP Bs . 
Further , an IP packet of an asset for video is input to MMTP 
B1 . Furthermore , an IP packet of an asset for audio is input 
to MMTP Bn . Moreover , an IP packet of an asset for a 
control message is input to MMTP Bs and temporarily 
stored therein . 
[ 0058 ] The IP packet of an asset for video input to MMTP 
B1 is restored to data of an NAL ( Network Abstraction 
Layer ) unit and temporarily stored in MMTP B1 . 
[ 0059 ] The IP packet of an asset for audio input to MMTP 
Bn is restored to data of the LATM ( Low - overhead MPEG - 4 
Audio Transport Multiplex ) / LOAS ( Low Overhead Audio 
Stream ) format and temporarily stored in MMTP Bn . 
Herein , description is made , assuming that the IP packet of 
an asset for audio is restored to data of the LATM / LOAS 
format as one example , but a configuration may be made so 
that restoration to data of another format is performed . 

[ 0060 ] Then , each piece of data and the control message 
temporarily stored in the MMTP buffer 204 are input to the 
predecoding buffer 205 . 
[ 0061 ] As illustrated in FIG . 4 , the predecoding buffer 205 
includes an elementary stream buffer EB1 for an elementary 
stream 1 , a main buffer Bn for an elementary stream n , and 
a main buffer Bs for system information . 
[ 0062 ] The data of the NAL unit temporarily stored in 
MMTP B1 is input to the elementary stream buffer EB1 . 
Here , the elementary stream buffer EB1 is , for example , a 
CPB ( Coded Picture Buffer ) . 
[ 0063 ] The data of the LATM / LOAS format temporarily 
stored in MMTP Bn is input to the main buffer Bn and 
temporarily stored therein . Here , data of the Raw Data 
Stream format may be input to the main buffer Bn and 
temporarily stored therein . 
[ 0064 ] The control message temporarily stored in MMTP 
Bs is input to the main buffer Bs and temporarily stored 
therein . Herein , description is made , assuming that data of 
the LATM / LOAS format as one example is restored to data 
of the Raw Data Stream format as one example , but a 
configuration may be made so that data of another format is 
restored to data of further another format . 
[ 0065 ] Each piece of data and the control message input to 
the predecoding buffer 205 are output to the decoder 206 and 
decoded at a timing in accordance with a DTS ( Decode Time 
Stamp ) , and temporarily stored . The DTS will be described 
later . 
[ 0066 ] As illustrated in FIG . 4 , the decoder 206 includes 
a video decoder D1 , an audio decoder Dn , and a system 
decoder Ds . 
[ 0067 ] The data output from the elementary stream buffer 
EB1 to the decoder 206 is decoded to video data by the video 
decoder D1 . Then , the decoded video data is input , as 
needed , to the decoded picture buffer 207 and temporarily 
stored therein . 
[ 0068 ] Further , the data output from the main buffer Bn to 
the decoder 206 is decoded to audio data by the audio 
decoder Dn . 
[ 0069 ] Further , the control message output from the main 
buffer Bs to the decoder 206 is decoded to control informa 
tion by the system decoder Ds . Furthermore , the control 
information is used to control each unit in the receiver 200 . 
[ 0070 ] The DTS ( referred to also as the decode time ) is 
described below . A presentation time and a decode time of 
video signals or audio signals are provided using an MPU 
time stamp descriptor and an MPU extended time stamp 
descriptor . 
[ 0071 ] FIG . 5 is an illustrative diagram illustrating an 
outline of access units in an MPU , and presentation times 
and decoding times thereof . FIG . 5 schematically illustrates 
bit streams configuring the MPU for respective access units 
that are units of the same presentation time . In the example 
illustrated in FIG . 5 , a bit stream configuring each access 
unit configures a B frame and an I frame or a B frame 
( hereinafter , described as an I / B frame ) . Here , In FIG . 5 , 
IRAP ( Intra Random Access Point ) refers to a bit stream at 
a timing when coding is started . Further , in the example 
illustrated in FIG . 5 , an I / B frame is disposed at intervals of 
seven frames , and frames therebetween are B frames . 
[ 0072 ] In the example illustrated in FIG . 5 , each access 
unit is previously assigned with a number in a presentation 
order . In FIG . 5 , using numbers assigned to “ B ” “ I / B , ” and 
“ IRAP , ” a presentation order of the respective access units 
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are 

is illustrated . Further , the example illustrated in the upper 
side of FIG . 5 illustrates that the respective access units have 
been decoded in an order different from the presentation 
order . 
[ 0073 ] As described above , the MMTP payload stores 
MPU_presentation_time information . Using the MPU_pre 
sentation_time information , a presentation time of an access 
unit to be presented first in the MPU is indicated in the NTP 
time stamp format . Therefore , in FIG . 5 , video based on a B 
frame of a 25th access unit is presented at a time indicated 
by the MPU_presentation_time information . Here , the 
MPU_presentation_time information is equivalent to pre 
sentation time information . 
[ 0074 ] Further , a DTS of an nth access unit in an MPU is 
calculated by the following equation . 

DTS ( n ) = MPU_Presentation_time - MPU_decoding_ 
time_offset / timescale + Epts_offset ( k ) / timescale ( 1 ) 

[ 0075 ] wherein MPU_Presentation_time represents a time 
indicated in the NTP time stamp format by MPU_presenta 
tion_time information , MPU_decoding_time offset repre 
sents a difference value between a decode time of an access 
unit decoded first and a presentation time of an access unit 
presented first , pts_offset represents a difference value 
between a presentation time of an immediately prior access 
unit and a presentation time of the current access unit in a 
presentation order in the same MPU , timescale represents a 
value indicating a unit of these times , and k represents a 
number of access units in the MPU . The pts_offset is 
equivalent to processing interval information . 
[ 0076 ] Here , a PTS ( Presentation Time Stamp ) that is a 
presentation time of an nth access unit in an MPU is 
calculated by the following equation . 

PTS ( n ) = DTS ( n ) + dts_pts_offset ( n ) / timescale ( 2 ) 

[ 0077 ] wherein dts_pts_offset ( n ) represents a difference 
value between a decode time and a presentation time of an 
nth access unit in an MPU . 
[ 0078 ] The transmitter 100 transmits each piece of infor 
mation so as to be received by the receiver 200 before a start 
of decoding of an MPU in the receiver 200 so that the 
receiver 200 can calculate a DTS and a PTS using equation 
( 1 ) and equation ( 2 ) . 
[ 0079 ] Next , operations of the transmitter 100 and the 
receiver 200 in the example embodiment of the present 
invention will be described . Initially , operations of the 
transmitter 100 and the receiver 200 upon inserting a leap 
second in order to cause Coordinated Universal Time to be 
close to Universal Time are described below . 
[ 0080 ] FIG . 6 is an illustrative diagram illustrating an 
example of MPUs transmitted / received when a leap second 
is inserted . 
[ 0081 ] In the present example , it is assumed that the 
respective MPUs are sequentially transmitted at intervals of 
0.5 seconds . Then , in the example illustrated in FIG . 6 , at 
8:59:57 . O , respective MMTP packets of an MPU in which 
a value indicated by mpu_sequence_number information 
( indicated as MPU sequence_number in FIG . 6 ) is “ l ” are 
transmitted . Further , at 8:59:57 . 5 , respective MMTP pack 
ets of an MPU in which a value indicated by mpu_sequence_ 
number information is “ 2 ” are transmitted . At 8:59:58 . O , 
respective MMTP packets of an MPU in which a value 
indicated by mpu_sequence_number information is “ 3 ” are 
transmitted . Further , at 8:59:58 . 5 , respective MMTP pack 
ets of an MPU in which a value indicated by mpu_sequence_ 

number information is “ 4 ” are transmitted . At 8:59:59 . O of 
a first time , respective MMTP packets of an MPU in which 
a value indicated by mpu_sequence_number information is 
“ 5 ” are transmitted . Further , at 8:59:59 . 5 of a first time , 
respective MMTP packets of an MPU in which a value 
indicated by mpu_sequence_number information is “ 6 ” ar 
transmitted . At 8:59:59 . O of a second time , respective 
MMTP packets of an MPU in which a value indicated by 
mpu_sequence_number information is “ 7 ” are transmitted . 
Further , at 8:59:59 . 5 of a second time , respective MMTP 
packets of an MPU in which a value indicated by mpu_ 
sequence_number information is “ ” are transmitted . At 
9:00:00 . O , respective MMTP packets of an MPU in which 
a value indicated by mpu_sequence_number information is 
“ O ” are transmitted . Further , at 9 : 00 : 00.5 , respective MMTP 
packets of an MPU in which a value indicated by mpu_ 
sequence_number information is “ 10 ” are transmitted . 
[ 0082 ] Here , it is assumed that a value in accordance with 
a presentation time indicated by MPU_presentation_time 
information indicates a value in accordance with a time after 
two seconds from a transmission time . 
[ 0083 ] Then , in the example illustrated in FIG . 6 , a pre 
sentation time in accordance with a value indicated by 
MPU_presentation_time information of MMTP packets of 
an MPU in which a value indicated by mpu_sequence_ 
number information is “ 1 ” is 8:59:59 . O. Further , a presen 
tation time in accordance with a value indicated by MPU_ 
presentation_time information of MMTP packets of an MPU 
in which a value indicated by mpu_sequence_number infor 
mation is “ 2 ” is 8:59:59 . 5. A presentation time in accor 
dance with a value indicated by MPU_presentation_time 
information of MMTP packets of an MPU in which a value 
indicated by mpu_sequence_number information is “ 3 ” is 
9:00:00 . O. Further , a presentation time in accordance with 
a value indicated by MPU_presentation_time information of 
MMTP packets of an MPU in which a value indicated by 
mpu_sequence_number information is “ 4 ” is 9:00:00 . 5. A 
presentation time in accordance with a value indicated by 
MPU_presentation_time information of MMTP packets of 
an MPU in which a value indicated by mpu_sequence_ 
number information is “ 5 ” is 9:00:01 . O. Further , a presen 
tation time in accordance with a value indicated by MPU_ 
presentation_time information of MMTP packets of an MPU 
in which a value indicated by mpu_sequence_number infor 
mation is “ 6 ” is 9:00:01 . 5. A presentation time in accor 
dance with a value indicated by MPU_presentation_time 
information of MMTP packets of an MPU in which a value 
indicated by mpu_sequence_number information is “ 7 ” is 
9:00:01 . 0. Further , a presentation time in accordance with 
a value indicated by MPU_presentation_time information of 
MMTP packets of an MPU in which a value indicated by 
mpu_sequence_number information is “ 8 ” is 9:00:01 . 5. A 
presentation time in accordance with a value indicated by 
MPU_presentation_time information of MMTP packets of 
an MPU in which a value indicated by mpu_sequence_ 
number information is “ 9 ” is 9:00:02 . 0. Further , a presen 
tation time in accordance with a value indicated by MPU_ 
presentation_time information of MMTP packets of an MPU 
in which a value indicated by mpu_sequence_number infor 
mation is “ 10 ” is 9:00:02 . 5 . 
[ 0084 ] Therefore , with respect to the MMTP packets of 
the MPU in which a value indicated by mpu_sequence_ 
number information is “ 5 ” and the MMTP packets of the 
MPU in which a value indicated by mpu_sequence_number 
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information is “ 7 , ” each of the presentation times in accor 
dance with a value indicated by MPU_presentation_time 
information is 9:00:01 . 0. Therefore , there are two MPUs in 
which a presentation time in accordance with a value 
indicated by MPU_presentation_time information is 9:00 : 
01. 0 . 
[ 0085 ] Further , with respect to the MMTP packets of the 
MPU in which a value indicated by mpu_sequence_number 
information is “ 6 ” and the MMTP packets of the MPU in 
which a value indicated by mpu_sequence_number infor 
mation is “ 8 , ” each of the presentation times in accordance 
with a value indicated by MPU_presentation_time informa 
tion is 9:00:01 . 5. Therefore , there are two MPUs in which 
a presentation time in accordance with a value indicated by 
MPU_presentation_time information is 9:00:01 . 5 . 
[ 0086 ] In contrast , due to insertion of 8:59:59 as a leap 
second , while processing from 8 : 59 : 59.0 to 8 : 59 : 59.999 has 
been repeated twice , there are only two MPUs in which a 
presentation time in accordance with a value indicated by 
MPU_presentation_time information is a time between 
8:59:59 . O and 8 : 59 : 59.999 . Then , there is no MPU used for 
presentation between 8:59:59 . O and 8:59:59 . 999 of a 
second time . 
[ 0087 ] In other words , when processing timings of MPUS 
used for presentation are determined on the basis of set 
MPU_presentation_time information , a problem may occur 
upon inserting a leap second , and it is not possible for the 
invention described in Patent Literature 1 to solve such a 
problem . 
[ 0088 ] FIG . 7 is an illustrative diagram illustrating an 
example in which the receiver 200 processes MPUs trans 
mitted / received when a leap second is inserted . FIG . 8 is a 
flowchart illustrating an example in which the receiver 200 
processes MPUs transmitted / received when a leap second is 
inserted . 
[ 0089 ] In the example illustrated in FIG . 7 , MMTP packets 
of MPUs in which values indicated by mpu_sequence_ 
number information are 1 to 10 are transmitted . When a leap 
second insertion flag is set for time information included in 
the MMTP packets ( Y of step S101 ) and a timing of 
inserting a leap second falls within a predetermined time ( Y 
of step S102 ) , the receiver 200 moves to processing of step 
S103 , and when the above case is not realized ( N of step 
S101 or N of step S102 ) , the receiver 200 moves to 
processing of step S108 . In the processing of step S108 , the 
receiver 200 executes normal processing that processes 
MMTP packets used for presentation at timings based on 
MPU_presentation_time information ( step S108 ) . 
[ 0090 ] Specifically , in the processing of step S108 , the 
receiver 200 decodes and presents the respective MMTP 
packets at timings based on calculation results using equa 
tion ( 1 ) and equation ( 2 ) described above on the basis of the 
MPU_presentation_time information . 
[ 0091 ] Further , the receiver 200 determines to execute 
processing such as decoding and the like on the basis of 
timings determined in a self - running mode in processing of 
step S103 ( step S103 ) . 
[ 0092 ] Here , the leap second insertion flag is indicated as 
NTP leap indicator in FIGS . 6 and 7 and it is reset at 9:00:00 . 
0. Specifically , for example , a leap second insertion flag is 
set for time information included in MMTP packets trans 
mitted before 9 : 00 : 00.0 , but no leap second insertion flag is 
set for time information included in MMTP packets trans 
mitted after 9:00:00 . O. 

[ 0093 ] Hereinafter , the self - running mode is described . 
The self - running mode refers to a mode in which the 
receiver 200 determines timings of decoding MMTP packets 
of each MPU without referring to MPU_presentation_time 
information . 
[ 0094 ] The receiver 200 determines timings of decoding 
the MMTP packets by the following processing in the 
self - running mode ( step S104 ) . Specifically , the receiver 200 
sequentially determines , at intervals in accordance with a 
value of pts_offset used in the calculation of equation ( 1 ) in 
the processing of step S108 of an immediately prior stage , 
timings of decoding subsequent access units . More specifi 
cally , timings of decoding respective MMTP packets con 
figuring the access units are determined so as to decode 
MMPT packets configuring the access units at time intervals 
of a value of pts_offset , for example . 
[ 0095 ] Then , the receiver 200 decodes the respective 
MMTP packets configuring the access units on the basis of 
the timings determined in the processing of step S104 ( step 
S105 ) . The unit of decoding may be an access unit or another 
unit . 
[ 0096 ] The receiver 200 presents video and audio based on 
the MMTP packets decoded in the processing of step S105 
( step S106 ) . Specifically , at intervals in accordance with the 
value of pts_offset used in the calculation of equation ( 1 ) in 
the processing of step S108 of an immediately prior stage , 
timings of presenting video and audio in accordance with 
subsequent access units are sequentially determined . More 
specifically , timings of presenting video and audio in accor 
dance with respective MMTP packets configuring the access 
units are determined so as to present video and audio in 
accordance with MMTP packets configuring the access units 
at time intervals of a value of pts_offset , for example . Then , 
the receiver 200 presents the video and audio at the deter 
mined timings . 
[ 0097 ] When a predetermined time has not passed from 
insertion of a leap second ( N of step S107 ) , the receiver 200 
moves to the processing of step S104 . 
[ 0098 ] Then , by repeating the processing of steps S104 to 
S106 , the MMTP packets configuring the respective access 
units are decoded at timings in accordance with the value of 
pts_offset in an order of sequence numbers indicated by 
mpu_sequence_number information , as illustrated in the 
lower side of FIG . 7. Then , video and the like based on the 
respective MMTP packets are sequentially presented . 
[ 0099 ] It should be noted that in general , in a series of 
MPUs , a value of pts_offset is not changed . Therefore , when 
on the basis of a calculation result in processing of step S108 
of the last time and a value of pts_offset used in the 
calculation , MMTP packets of access units from the next 
time are used to determine decode timings , it is possible that 
the respective MMTP packets are decoded at appropriate 
timings and video and the like based on the MMTP packets 
are sequentially presented . 
[ 0100 ] When the predetermined time has passed from 
insertion of the leap second ( Y of step S 107 ) , the receiver 
200 moves to normal processing for determining timings of 
MMTP packets used for presentation on the basis of MPU_ 
presentation_time information ( step S108 ) . 
[ 0101 ] The determination in the processing of step S107 
may be performed on the basis of whether a predetermined 
time has passed from a time of setting no leap second 
insertion flag . 
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[ 0102 ] Here , “ the predetermined time ” in the processing 
of steps S102 and S107 is , for example , three seconds . 
Therefore , the processing of steps S104 to $ 106 is repeated 
over three seconds each before and after a timing of inserting 
a leap second . Specifically , the processing of steps $ 104 to 
S106 is repeated , for example , from 8:59:57 that is three 
seconds before 9:00:00 when a leap second is inserted to 
9:00:03 that is three seconds after 9:00:00 when the leap 
second has been inserted . 
[ 0103 ] Therefore , in the present example , the receiver 200 
executes processing based on the self - running mode over 
three seconds before and after a timing of inserting a leap 
second and executes normal processing of step S108 for a 
period other than the above . It should be noted that the time 
and the number of seconds used for the description in the 
present example are illustrative , and another time and 
another number of seconds may be used . 
[ 0104 ] Next , operations of the transmitter 100 and the 
receiver 200 upon eliminating a leap second to cause Coor 
dinated Universal Time to be close to Universal Time will be 
described . FIG . 9 is an illustrative diagram illustrating an 
example of MPUs transmitted / received when a leap second 
is eliminated . 
[ 0105 ] In the example illustrated in FIG . 9 , it is assumed 
that respective MPUs are sequentially transmitted at inter 
vals of 0.5 seconds . Then , in the example illustrated in FIG . 
9 , at 8:59:56 . O , respective MMTP packets of an MPU in 
which a value indicated by mpu_sequence_number infor 
mation is “ 1 ” are transmitted . Further , at 8:59:56 . 5 , respec 
tive MMTP packets of an MPU in which a value indicated 
by mpu_sequence_number information is “ 2 ” are transmit 
ted . At 8:59:57 . O , respective MMTP packets of an MPU in 
which a value indicated by mpu_sequence_number infor 
mation is “ 3 ” are transmitted . Further , at 8:59:57 . 5 , respec 
tive MMTP packets of an MPU in which a value indicated 
by mpu_sequence_number information is “ 4 ” are transmit 
ted . At 8:59:58 . O , respective MMTP packets of an MPU in 
which a value indicated by mpu_sequence_number infor 
mation is “ 5 ” are transmitted . Further , at 8:59:58 . 5 , respec 
tive MMTP packets of an MPU in which a value indicated 
by mpu_sequence_number information is “ 6 ” are transmit 
ted . At 9:00:00 . O , respective MMTP packets of an MPU in 
which a value indicated by mpu_sequence_number infor 
mation is “ 7 ” are transmitted . Further , at 9:00:00 . 5 , respec 
tive MMTP packets of an MPU in which a value indicated 
by mpu_sequence_number information is “ ” are transmit 
ted . At 9:00:01 . O , respective MMTP packets of an MPU in 
which a value indicated by mpu_sequence_number infor 
mation is “ 9 ” are transmitted . Further , at 9:00:01 . 5 , respec 
tive MMTP packets of an MPU in which a value indicated 
by mpu_sequence_number information is “ 10 ” are transmit 
ted . 
[ 0106 ] It is assumed that a value in accordance with a 
presentation time indicated by MPU_presentation_time 
information indicates a value in accordance with a time after 
two seconds from a transmission time . 
[ 0107 ] Then , in the example illustrated in FIG . 9 , a pre 
sentation time in accordance with a value indicated by 
MPU_presentation_time information of MMTP packets of 
an MPU in which a value indicated by mpu_sequence_ 
number information is “ 1 ” is 8:59:58 . O. Further , a presen 
tation time in accordance with a value indicated by MPU_ 
presentation_time information of MMTP packets of an MPU 
in which a value indicated by mpu_sequence_number infor 

mation is “ 2 ” is 8:59:58 . 5. A presentation time in accor 
dance with a value indicated by MPU_presentation_time 
information of MMTP packets of an MPU in which a value 
indicated by mpu_sequence_number information is “ 3 ” is 
8:59:59 . O. Further , a presentation time in accordance with 
a value indicated by MPU_presentation_time information of 
MMTP packets of an MPU in which a value indicated by 
mpu_sequence_number information is “ 4 ” is 8:59:59 . 5. A 
presentation time in accordance with a value indicated by 
MPU_presentation_time information of MMTP packets of 
an MPU in which a value indicated by mpu_sequence_ 
number information is “ 5 ” is 9:00:00 . O. Further , a presen 
tation time in accordance with a value indicated by MPU_ 
presentation_time information of MMTP packets of an MPU 
in which a value indicated by mpu_sequence_number infor 
mation is “ 6 ” is 9:00:00 . 5. A presentation time in accor 
dance with a value indicated by MPU_presentation_time 
information of MMTP packets of an MPU in which a value 
indicated by mpu_sequence_number information is “ 7 ” is 
9:00:02 . 0. Further , a presentation time in accordance with 
a value indicated by MPU_presentation_time information of 
MMTP packets of an MPU in which a value indicated by 
mpu_sequence_number information is “ 8 ” is 9:00:02 . 5. A 
presentation time in accordance with a value indicated by 
MPU_presentation_time information of MMTP packets of 
an MPU in which a value indicated by mpu_sequence_ 
number information is “ 9 ” is 9:00:03 . 0. Further , a presen 
tation time in accordance with a value indicated by MPU_ 
presentation_time information of MMTP packets of an MPU 
in which a value indicated by mpu_sequence_number infor 
mation is “ 10 ” is 9:00:03 . 5 . 
[ 0108 ] Therefore , there is not either 8:59:59 . O that is a 
presentation time in accordance with the value indicated by 
the MPU_presentation_time information of the MMTP 
packets of the MPU in which a value indicated by mpu_ 
sequence_number information is “ 3 ” or 8:59:59 . 5 that is a 
presentation time in accordance with the value indicated by 
the MPU_presentation_time information of the MMTP 
packets of the MPU in which a value indicated by mpu_ 
sequence_number information is “ 4. " In other words , there 
is not presented either video and the like in accordance with 
the MMTP packets of the MPU in which a value indicated 
by mpu_sequence_number information is “ 3 ” or video and 
the like in accordance with the MMTP packets of the MPU 
in which a value indicated by mpu_sequence_number infor 
mation is “ 4. " 

[ 0109 ] Further , there is not either an MPU in which a 
presentation time in accordance with a value indicated by 
MPU_presentation_time information is 9:00:01 . 0 or an 
MPU in which a presentation time in accordance with a 
value indicated by MPU_presentation_time information is 
9:00:01 . 5 . 

[ 0110 ] In other words , when processing timings of MPUs 
used for presentation are determined on the basis of set 
MPU_presentation_time information , a problem may occur 
upon eliminating a leap second . It is difficult for the inven 
tion described in Patent Literature 1 to solve such a problem . 
[ 0111 ] FIG . 10 is an illustrative diagram illustrating an 
example in which the receiver 200 processes MPUs trans 
mitted / received when a leap second is eliminated . FIG . 11 is 
a flowchart illustrating an example in which the receiver 200 
processes MPUs transmitted / received when a leap second is 
eliminated . 
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[ 0112 ] In the example illustrated in FIG . 10 , at the same 
timings as in the example illustrated in FIG . 9 , MMTP 
packets of MPUs in which values indicated by mpu_sequen 
ce_number information are 1 to 10 are transmitted . Then , 
when a leap second elimination flag is set for time infor 
mation included in the MMTP packets ( Y of step S201 ) and 
a timing of eliminating a leap second falls within a prede 
termined time ( Y of step S202 ) , the receiver 200 moves to 
processing of step S203 , and when the above case is not 
realized ( N of step S201 or N of step S202 ) , the receiver 200 
moves to processing of step S208 . In the processing of step 
S208 , the receiver 200 executes normal processing that 
processes MMTP packets used for presentation at timings 
based on MPU presentation time information ( step S208 ) . 
[ 0113 ] Specifically , in the processing of step S208 , the 
receiver 200 decodes and presents the respective MMTP 
packets at timings based on calculating results using equa 
tion ( 1 ) and equation ( 2 ) described above , on the basis of the 
MPU_presentatation_time information . 
[ 0114 ] Further , the receiver 200 determines to execute 
processing such as decoding and the like on the basis of 
timings determined in the self - running mode in processing 
of step S203 ( step S203 ) . 
[ 0115 ] Here , the leap second elimination flag is indicated 
as NTP leap_indicator in FIGS . 9 and 10 and it is reset at 
9:00:00 . O. Specifically , for example , a leap second elimi 
nation flag is set for time information included in MMTP 
packets transmitted before 9:00:00 . O , but no leap second 
elimination flag is set for time information included in 
MMTP packets transmitted after 9:00:00 . O. 
[ 0116 ] Then , the receiver 200 determines timings of 
decoding MMTP packets by the following processing in the 
self - running mode ( step S204 ) . In other words , the receiver 
200 sequentially determines , at intervals in accordance with 
the value of pts_offset used in the calculation of equation ( 1 ) 
in processing of step S208 of an immediately prior stage , 
timings of decoding subsequent access units . More specifi 
cally , timings of decoding respective MMTP packets con 
figuring the access units are determined so as to decode 
MMPT packets configuring the access units at time intervals 
of a value of pts_offset , for example . 
[ 0117 ] Then , the receiver 200 decodes the MMTP packets 
configuring the respective access units on the basis of the 
timings determined in the processing of step S204 ( step 
S205 ) . 
[ 0118 ] The receiver 200 presents video and audio based on 
the MMTP packets decoded in the processing of step S205 
( step S206 ) . Specifically , at intervals in accordance with the 
value of pts_offset used in the calculation of equation ( 1 ) in 
the processing of step S208 of an immediately prior stage , 
timings of presenting video and audio in accordance with 
subsequent access units are sequentially determined . More 
specifically , timings of presenting video and audio in accor 
dance with the respective MMTP packets configuring the 
access units are determined so as to present video and audio 
in accordance with MMTP packets configuring the access 
units at time intervals of a value of pts_offset , for example . 
The receiver 200 presents the video and audio at the deter 
mined timings . 
[ 0119 ] When a predetermined time has not passed from 
elimination of a leap second ( N of step S207 ) , the receiver 
200 moves to the processing of step S204 . 
[ 0120 ] Then , by repeating the processing of steps S204 to 
S206 , the MMTP packets configuring the respective access 

units are decoded at timings in accordance with the value of 
pts_offset in an order of sequence numbers indicated by 
mpu_sequence_number information , as illustrated in the 
lower side of FIG . 10. Then , video and the like based on the 
respective MMTP packets are sequentially presented . 
[ 0121 ] It should be noted that as described above , in 
general , in a series of MPUs , a value of pts_offset is not 
changed . Therefore , when on the basis of a calculation result 
in processing of step S208 of the last time and a value of 
pts_offset used in the calculation , MMTP packets of access 
units from the next time are used to determine decode 
timings , it is possible that the respective MMTP packets are 
decoded at appropriate timings and video and the like based 
on the MMTP packets are sequentially presented . 
[ 0122 ] When the predetermined time has passed from 
elimination of the leap second ( Y of step S207 ) , the receiver 
200 moves to normal processing for determining timings of 
MMTP packets used for presentation on the basis of MPU_ 
presentation_time information ( step S208 ) . 
[ 0123 ] The determination in the processing of step S207 
may be performed on the basis of whether a predetermined 
time has passed from a time of setting no leap second 
elimination flag . 
[ 0124 ] Here , “ the predetermined time ” in the processing 
of steps S202 and S207 is , for example , three seconds . 
Therefore , the processing of steps S204 to $ 206 is repeated 
over three seconds each before and after a timing of elimi 
nating a leap second . Specifically , the processing of steps 
S204 to S206 is repeated , for example , from 8:59:56 that is 
three seconds before 8:59:59 that is eliminated as a leap 
second to 9:00:03 that is three seconds after 8:59:59 that has 
been eliminated as the leap second . 
[ 0125 ] Therefore , in the present example , the receiver 200 
executes processing based on the self - running mode over 
three seconds before and after a timing of eliminating a leap 
second and executes normal processing of step S208 for a 
period other than the above . It should be noted that the time 
and the number of seconds used for the description in the 
present example are illustrative , and another time and 
another number of seconds may be used . 
[ 0126 ] According to the present example embodiment , the 
receiver 200 processes MMTP packets in the self - running 
mode for a period in accordance with a timing of inserting 
a leap second and for a period in accordance with a timing 
of eliminating a leap second . Therefore , a problem caused 
due to insertion or elimination of a leap second can be 
prevented from occurring . 
[ 0127 ] Specifically , when a calculation result in calcula 
tion processing of the last time using equation ( 1 ) and 
equation ( 2 ) and a value of pts_offset used in the calculation 
is used to determine timings of processing from the next 
time for a period in accordance with a timing of inserting a 
leap second and for a period in accordance with a timing of 
eliminating a leap second , it is possible that respective 
MMTP packets are decoded at appropriate timings and video 
and the like based on the MMTP packets are sequentially 
presented . Respective MMTP packets are decoded at appro 
priate timings and video and the like based on the MMTP 
packets are sequentially presented , and therefore it is pos 
sible that respective MMTP packets are decoded in an 
appropriate order and video and the like based on the MMTP 
packets are sequentially presented . 
[ 0128 ] Further , even when the receiver 200 has received 
packets in accordance with television program information 
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and the like transmitted via a communication line and 
packets in accordance with television program information 
and the like transmitted by radio waves , decoding can be 
performed in an appropriate order and at appropriate timings 
in accordance with a presentation order of the television 
program information and the like . 
[ 0129 ] Furthermore , even when the receiver 200 has 
received packets in accordance with television program 
information and the like transmitted via a communication 
line in an order different from an order of a transmission 
order , decoding can be performed in an appropriate order 
and at appropriate timings in accordance with a presentation 
order of the television program information and the like . 

A Second Example Embodiment 
[ 0130 ] Next , a decoding apparatus 20 of a second example 
embodiment of the present invention will be described with 
reference to the accompanying drawings . FIG . 12 is a block 
diagram illustrating a configuration example of the decoding 
apparatus 20 of the second example embodiment of the 
present invention . As illustrated in FIG . 12 , the decoding 
apparatus 20 of the second example embodiment of the 
present invention includes a decoding unit 21 and a decode 
time determination unit 22 . 
[ 0131 ] The decoding unit 21 decodes packets transmitted 
from a transmitter 10 ( equivalent to the transmitter 100 in 
the first example embodiment illustrated in FIG . 1 ) . 
[ 0132 ] The decode time determination unit 22 determines 
timings of decoding the packets by the decoding unit 21 on 
the basis of adjustment information in accordance with 
adjustment of times for causing Coordinated Universal Time 
to be close to Universal Time , the times being included in the 
packets . 
[ 0133 ] The packets include processing interval informa 
tion that indicates a processing interval of access units that 
are sets including own packets , and the decode time deter 
mination unit 22 determines to sequentially decode the 
packets configuring the respective access units at intervals in 
accordance with the interval indicated by the processing 
interval information when the adjustment information indi 
cates that the times are adjusted . 
[ 0134 ] According to the present example embodiment , 
pieces of information sequentially transmitted can be 
decoded and reproduced at appropriate timings . 
[ 0135 ] While the invention has been particularly shown 
and described with reference to example embodiments 
thereof , the invention is not limited to these embodiments . It 
will be understood by those of ordinary skill in the art that 
various changes in form and details may be made therein 
without departing from the spirit and scope of the present 
invention as defined by the claims . 
[ 0136 ] This application is based upon and claims the 
benefit of priority from Japanese patent application No. 
2015-040456 , filed on Mar. 2 , 2015 , the disclosure of which 
is incorporated herein in its entirety by reference . 

[ 0143 ] 400 communication line 
[ 0144 ] 600a , 600b multimedia information 
What is claimed is : 
1. A method for receiving data , the method comprising : 
receiving a packet identification of a Moving Picture 

Experts Group ( MPEG ) Media Transport Protocol 
( MMTP ) packet , the packet identification identifying 
the MMTP packet , the MMTP packet including at least 
a part of a Media Processing Unit ( MPU ) ; 

receiving a sequence number information , the sequence 
number information identifying the MPU ; 

receiving a time stamp information , the time stamp infor 
mation referencing UTC ( Coordinated Universal 
Time ) ; 

receiving a leap second event information , the leap sec 
ond event information indicating a leap second event ; 

wherein 
the MPU includes a video asset and / or an audio asset , 
a timing of presenting video and audio is based on the 

leap second event information , 
the video asset and the audio asset are delivered on a 

plurality of transmission paths , 
the plurality of transmission paths include a commu 

nication line and radio waves . 
2. The method of claim 1 , wherein the video asset is 

delivered to a first buffer based on the packet identification 
of the video asset , the audio asset is delivered to a second 
buffer based on the packet identification of the audio asset , 
and a control message is delivered to a third buffer . 

3. The method of claim 2 , wherein the control message 
comprises information used to control the receiving . 

4. A receiving device for receiving data , the receiving 
device comprising : 

a receiver configured to : 
receive a packet identification of a Moving Picture 

Experts Group ( MPEG ) Media Transport Protocol 
( MMTP ) packet , the packet identification identifying 
the MMTP packet , the MMTP packet including at 
least a part of a Media Processing Unit ( MPU ) ; 

receive a sequence number information , the sequence 
number information identifying the MPU ; 

receive a time stamp information , the time stamp 
information referencing UTC ( Coordinated Univer 
sal Time ) ; 

receive a leap second event information , the leap sec 
ond event information indicating a leap second 
event ; 

wherein 
the MPU includes a video asset and / or an audio asset , 
a timing of presenting video and audio is based on the 

leap second event information , 
the video asset and the audio asset are delivered on a 

plurality of transmission paths , 
the plurality of transmission paths include a commu 

nication line and radio waves . 
5. The receiving device of claim 4 , wherein the video 

asset is delivered to a first buffer based on the packet 
identification of the video asset , the audio asset is delivered 
to a second buffer based on the packet identification of the 
audio asset , and a control message is delivered to a third 
buffer . 

6. The receiving device of claim 5 , wherein the control 
message comprises information used to control the receiv 
ing 

REFERENCE SIGNS LIST 

[ 0137 ] 10 , 100 transmitter 
[ 0138 ] 20 decoding apparatus 
[ 0139 ] 21 decoding unit 
[ 0140 ] 22 decode time determination unit 
[ 0141 ] 200 receiver 
[ 0142 ] 300 , 500 antenna 
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7. A non - transitory computer readable medium storing a 
program which , when executed , causes a computer to 
execute : 

receiving a packet identification of a Moving Picture 
Experts Group ( MPEG ) Media Transport Protocol 
( MMTP ) packet , the packet identification identifying 
the MMTP packet , the MMTP packet including at least 
a part of a Media Processing Unit ( MPU ) ; 

receiving a sequence number information , the sequence 
number information identifying the MPU ; 

receiving a time stamp information , the time stamp infor 
mation referencing UTC ( Coordinated Universal 
Time ) ; 

receiving a leap second event information , the leap sec 
ond event information indicating a leap second event ; 

wherein 
the MPU includes a video asset and / or an audio asset , 
a timing of presenting video and audio is based on the 

leap second event information , 
the video asset and the audio asset are delivered on a 

plurality of transmission paths , 
the plurality of transmission paths include a commu 

nication line and radio waves . 
8. The non - transitory computer readable medium of claim 

7 , wherein the video asset is delivered to a first buffer based 
on the packet identification of the video asset , the audio asset 
is delivered to a second buffer based on the packet identi 
fication of the audio asset , and a control message is delivered 
to a third buffer . 

9. The non - transitory computer readable medium of claim 
8 , wherein the control message comprises information used 
to control the receiving . 


