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Data Multiplexing Method, Method and Device for Reproducing
Multiplexed Data, and Recording Medium Containing
the Data Multiplexed by said Method

Technical Field |

The present in{rention relates to a method of multiplexing data for
multiplexing and transmitting data such as d'igitaI picturee, audio, digital
data and the like, a method of decoding for reproducing the multiplexed data,
and a device for practicing these methods. More ':partieularly, the present

invention relates to a method of multiplexing data, which processes picture

data by each object, i.e., a picture is an aggregate' of plurality of objects, a

 method of reproducing the multiplexed data, and a device for practicing these

methods. These methods and the device contributes to reduce data quantity

and increase an efficiency of data processing.

Prior Art _

Recently, digital pictures and audio service are commercially used in
bro‘adcasts," CATVs and the like. thanks to.advancement of 'compression .
technique. Regarding .the transmission of digital pictures, audio and the like,
not enly the compression technique bu_t also a method of mu_ltiplexing data
must be senously discussed. |

The 1nternat10na1 standard method of multiplexing data, i.e., MPEG 2
(ISO/IEC_JTCI/SC29 N801, ISO/IEC CD 13818-1: Information technology-
Genei'ic coding of moving pictures and associated audio: Systems, 1994.11) is
described hereinafter high]ighting the multiplexing data method, and the
multiplexed data reproducmg apparatus with reference to the attached Figs.

Figs. 20 and 21 depict a conventional method of mult1p1exmg data of
MPEG 2 standard. Fig 22'is a block diagram deplctmg a mu1t1p1exed-data
reproducing apparatus that decodes the multiplexed-data through the
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multipléexing method of .MPEG 2 standard. In Fig. 22, a separator 161

comprises a buffer 1611 and a CPU 1612. A synchronizing controller 162, a
piCture decoder 163 and an audio decoder 164. are the elements of the
re;lroducing apparatus. Fig. 28 is a flowchart depicting an operation of the
CPU 1612 of the separator 161. |

An operation of the conventional method of multiplexing data and the

_multiplexed—data reproducing apparatus accor(ling to MPEG 2 standard is

hereinafter described.
| Picture data and audio data are'conlpressed into PES packet, namely, -
in the case o_f‘picttlre data, each"'frame" that is a certain number of samples is
compressed, then one fra_me or a plural frames bundled forms a ﬁacket called .
as "PES packet." In the case of audio data, a certain number of samples .(in

MPEG standard, _the sample of audio data is also called "frame"), for instance,

"1024" is compressed and then forms a PES packet same as the case of picture

data. |
Fig. 21 outlines a format of tl1e PES packet. The PES packet is headed
by a header, which includes the following information: |
Streem ID: identify whether the data area following the header
contains picture data,. audio data or other data;
| Time information for synchronized reproduction pictures with audio
data and the resultant date.; ' | .
- DTS (decoding time stamp, decode time information);

PTS (presentation t1me stamp, presentatmn time mformatmn)

" The PES packet is divided mto a plural TS packets (each TS packet compnses

188 bytes) before being transmitted. -

' Fig. 20 outlines a format of the TS packet. The TS packet is headed by
PID (packet identification) that is a proper number (packet No.) of each PES
packet. The same PES packet _has the same PID. The TS packet sends a

header followed by data as shown in Fig. 20(b). The PID of TS packet is sent
as a part of the header as shown in Fig. 20(c).
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In the data area of TS packet, PSI (program specific informatioﬁ) canbe -
sent in.addition to PES packet as shown in Fig. 20. PSI includes information
about selecting a program. . Fig. 20(d) depicts a structure of program
association table (PAT), WMch is one of PSI, and Fig. 20(e) aepicts a structure
of program map table (PMT). | o

The PAT is assigned PID—O where a PID of PMT that contains program

No. and its content is described. Respective PIDs of a program No. indicating

‘a program No. to be transmitted, picture data PES packet, audio data PES

packet and data PES packet are mcluded in PMT. This PMT is multlplexed
and transmitted. | |
Fig. 22 depicts an eXample.' of a convent;io_na_.l multiplexed-data
reproducing apparatus which receives and reproduces the data multiplexed
through the above method. | |
The multiplexed data recelved by the conventmnal apparatus is firstly |
stored in the buffer 1611. The CPU 1612 operates following the flowchart

 shown in Fig. 23. First, search a PAT_ of PID=0 in the transmitted data (step

171.) Thén, out of the PAT, search a PID of PMT of a desired program No. set
from outside (step 172.) Next, pick out a packet having the PMT's PID
obtained from the PAT out of the multiplexed data (step 173.)

After this pick-out, PIDs of picture data PES, aﬁdio’ data PES and data
PES packet are stored (step 174.) -Finally, pick out a necessary TS packet for
reproducmg the program by 1dent1fymg a TS packet's PID out of the received
data (steps 175 and 17 6) '

PID is not described in PAT, and the table of PAT does not éontain both

~ of a program No. and PID of PES, but the tables of PAT and PMT are used

because it is necessary to avoid a long size table when a multiple programs are
multiplexed. This structure éan deal with a'par_ti"al change of a program with
ease and flexible by altering a content of PMT.

The picture packet and audio packet out of TS packets are sent
respectively to the decoders 163 and 164. The synchronizing controller 162
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picks out time information such as multiplexed PTS, DTS and the like from
PES packet, and éOntrols a timing of synchronizing reproduction by the
decoder. - The decoders_ 163 and 164 reproduce pictures in step wifh
synchronizatioh with aﬁdi_o data, as well as display the resulted pictﬁfes,

The above sﬁrucfure, however, produces the following various problems.

-~ In pidture encoding, independent object is coded, i.e., each component that

constitutes a picture, e.g., a background, a person, and a moving body, is
individually coded. This object coding method now draws attention. Since.
the object coding encodes individual body, an editing such as replacing or

removing a specific body can be done with ease, also a sp'eciﬁc item can be

. searched easily.

The conventional multiplexing method, however, handles only a cdncept
of "frame”, and thus it cannot handle a pictﬁre with a concept of "object".
Another method to overcome this disadvantage can be discussed. That is to
say, the prior art is éxtended, and a picture is taken to be a group of objects
instead of a frame, and a PES packet is formed to an individual object. In
other words, a method that assigns other PIDs to each 'object can be studied.

Hdweve‘r, when a large number of objects constituting a picture are required,

"this method must employ a complicated multiplexing apparatus that can deal

with increased kinds of packets. Further, when ‘an 'individual' object is

: ericoded, objects must be sometimes overlapped and displayed; however, the

. conventional method only has a synchroriizing function _using a time bésé, but

cannot assign a display location in a picture to a receiver side.

Disclosure of the Invention

The present invention addresses the above problems and aims to

provide a method of multiplexing data and a multiplexéd data i'eproducing'

- apparatus that overcome the above problems.

" A method of multiplexing data processes digital data on an individual

object base, and has a technique to set a hierarchical structure in the object.
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More specifically, the method multiplexes digital data "p1" and "d1" into a first
object data "o1". Further, make a digital data "p2" as a second object data
"02". The first and second object data_ "1 and "o2" are treated as an
individuei object, and these two data 'are further multiplexed, whereby an
upper class third cbject data. "03" is obtained. The data can‘be processed
using either this third object data 1n the upper class.olr the first and second
object data in the lower class. |

Another structure 18 ava11ab1e, le., mu1t1plex digital data "p1" and “d1"
to produce the first object data "ol1". This first object data "01" is packetized
into a first packet data "-cp_l"._ _The second digital data "d2" is made into the '

second object data "02", which is packetized into a second packet data "op2".

Then these packet data are further multiplexed to produce a third packet data
"op3". A packet No. that identifies each packet is given to the packet data

"opl" and "op2" respectively, whereby an individual object is assigned a packet
No. Data can be thus processed w1th ease on individual object base.
Further, the data can be processed as an upper class data that integrates the
first and second objects into the third packet data "op3".

The preSen_t invention treats a picture-és an aggregate of plural objects;
and processes as Well as multiplexes picture data on each object base into
multiplexed data, where a method proposed by the present inven_tion
comprises the steps of: (a)' dividing a picture into pIural master objects'
and identifying themselves as master objects;

() dividiug the identiﬁed master object into further small slave

objects and 1dent1fy1ng themselves as slave objects, thereby d1v1d1ng the

. master object into plural hierarchical classes, :

(c) packetizing the identified -master object and/or the slave object into
a packet and assigning a packet No. to each packet; and

(d) adding the data of h1erarch1ca1 classes as h1erarch1cal information
to the multiplexed data. | |

The present invention also provides a method of reproducing the data
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'multiplsxed through the above method, and a multiplexed data reproducing-

apparatus using the method thereof.

. Since a packet number is assigned to respective objects, data can be
processed on an fndividual object base with ease. Thérefofe, a target object
can be easily bickéd out, reproduced, or edited. At the same time, data
quantity can be reduced thanks to hierarchical division. A master objéct in

an upper class and a slave object in a lower class can be separately processed

“upon request.

Further, time data of starting a reproduction and location data where
the object is reproduced, are multiplexed in the data, whereby the object can
be reproduced based on the time data and location data. As a result,

processing efficiency can be improved.

Brief Description of the Drawings _
Fig. 1 is a block diagram of a data multiplexing apparatus used in a
first exemplary embodiment of the present invention.

Fig.2 is an explanatory chart of the data multiplexing apparatus used

-in the first exemplary embodiment of the present invention.

Fig. 3 is an explanatory chart depicting a structure of data multiplexed
in the first exemplary embodiment of the present invention. F1g 3(a) shows

a packet structure, and Fig. 3(b) shows a PAT structure and F1g 3(c) shows a

~ PMT structure.

Fig. 4is a ﬂowchart deplctmg an operatmn of a CPU 46 d1sposed ina
mu1t1p1exer 4 used in the ﬁrst exemplary embodiment of the present
invention.

Fig. 5 is a flowchart depictihg an operatioh of a CPU 14 disposed in a
multiplexer 1 used in the first exemplars; embodiment of- the present
invention. ' | | _

Fig. 6 is a flowchart depicting an operation of a CPU 38 disposed in a

multiplexer 6 used in the first exemplary embodiment of the present
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invention. | _ :

Fig_. 7 is an explanatory chart depicting dafa multiplexed in a second
exemplary embodiment of the present invention. Fig. 7(a) shows an output
nf a multiplexer, Fig. 7(b) shnws a packet structure colleeting the same PID,
F1g 7(c) shows a. PAT structure, Fig. 7(d) shows an 'example cof a PMT
structure and Fig. 7(e) shdw__s an example of PMT of a finer object. |

Fig. 8 is a flowchart depicting an operation of a CPU 14 disj)osed in a
multii)le_xer 1 used in the second exemplary embodiment of the present
invention. o

Fig. 9 is a flowchart depicting an operation of | a CPU 38 disposed in a

- multiplexer 6 used in the third exemplarjr embodiment of the present

invention. |

Fig. 10 is a block d_iagram_of a data reproducing apparatus used in a
third exemplary embodim_ent of the present invention.

Fig. 111is a flowchart depicting an operation of a CPU 1012 dispbsed in
a data inverse-multiplexing section 101 used in the third exemplary
embodiment of the present invention.

F1g 12(a) is a flowchart depicting an operation of a CPU 1041 of a

| controller 104 used in the third exemplary embodiment of the present

invention. Fig. 12(b) detaﬂs an error process section of this flowchart.
Fig. 13 is a flowchart depicting an operation of the CPU 1041 of the

. controller 104 used in a fourth exemplarjr' embodiment of the present

mventlon
Fig. 14 is a block dlagram of a data multlplexmg apparatus used in a
fifth exemplary embodiment of the present invention. '
Fig. 15 is an explé.natorj chart depicting a structure of data
multiplexed in the fifth exemplary embodiment of the present invention. Fig.
15(a) shows an output of an data multip_leXen Fig. 15(b) shows a packet
structure -

Fig. 16 is a flowchart depicting an operation of a CPU 26 d15posed ina -
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data mult1p1exer 2 used in the fifth exemplary embodiment of the present

. 1nvent1on

Fig. 17 is a flowchart dep1ct1ng an operation of a CPU 38 disposed in a
data multiplexer 3 used in the fifth exemplary embod1ment of the present
invention.

F1g 18is a hlerarch.lcal table used in the fifth exemplary embodlment
of the present invention. | '

~ Fig. 19is a flowchart depicting an operation of a CPU 1012 disposed in
a data reproducing apparatus 101. '

- Fig. 201s explanatory charts of a conventmnal method of multiplexing
data according to MPEG 2 standard. Fig. 20(a) shows a structure of
multiplexed data, Fig. 20(b) shows a TS packet structure, Fig. 20(c) shows a
header structure, Fig. 20(d) shows a PAT structure and .Fig. 20(e) shows a
PMT structure. |

~_Fig. 21 depicts the conventional method‘of multiplexing data according
to MPEG 2 standard. F1g 21(a) shows a PES packet, and Fig. 21(b) shows a

header structure.

Fig. 22 1s a block d1agram of a conventional multiplexed-data

~ reproducing apparatus.

F1g 23 is a flowchart dep1ct1ng an operatxon of a CPU 1312 d1sposed in

the conventional multlplexed data reproducmg apparatus

Detailed Descnptmn of the Exemplary Embod.lments
(Exemplary Embodiment 1) _

‘A method of multiplexing data 1n ‘the ﬁrst exemplary embod_lment is
described heremafter w1th reference to the attached drawings.

Fig. 1 is a block diagram of a data multiplexing apparatus used in a
first exemplary embo_dlment of the present invention. In Fig. 1, a first data
multiplexer'l"comprises' buffers 11, 12, a selector -13 and a CPU 14 Second,

third and fourth data multiplexers 2, 3 and 4 comprise the same elements as
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the first data multiplexer 1. Fig. 2 depicts how to multiplek data.
Fig. 3 depicts a structure of multiplexed data. Fig. 4 is a flowchart depicting

~an opleration of a CPU 48 disposed in a multiplexer 4. Fig. 5 is a flowchart |

depicting an operation of a CPU 14.disposed in a mﬁltiplexer 1. Fig.6isa
flowchart depicting an operation of a CPU 38 disposed in a multiplexer 6.
The method of multiplexing data in the data multiplexing apparatus
constructed as above is now detailed with referehe’e to Figs. 1 t0.6. _
In an object coding niethod, an individ_ual object is coded as shown in
Fig. 2, which indicates a picture 225 one of a series of picture data coming
with audio data. _ _
" The picture 225 comprises a background 226, a moving body 227 that
moves in th_e background, audio data 228 of the background. Further, the
movirig body 227 ebmprises, a ﬁfst wheel 2271, a second wheel 2272, a body

2273, and audto data 2274. When a large mountain exists in the background

226, or a person in the picture 225, the mountain or the person, which are hot
shown in the Fig. 2, can Be designated as an object even they are not moving.
In other words, the way how to define an object'depends on a purpose of e
picture processing. |

When the picture taken apart into objects as above is compressed for

'coding, each minimum unit of the objects ie., 226, 2271, 2272, 2273, 2274,

and 228, is compressed. Next, each of the compressed obJects is multiplexed

by the data multiplexer showed in F1g 1. _
First, the objects 2271, 2272 and 2273 constituting the moving body 227

" are compressed. The compressed above objects are handled as Video 41,

Video 42 and Video 43 (PES step), and multiplexed by the multiplexer 4

following the flowchart shown in fig. 4. In other words, picture data are read -

into the buffers, _,atnd an "id" is added to each header of the .picture data for
easy recognition then the individual object is multiplexed and tapped off.

Second, an output from the multiplexer 4 and Audio 1 (corresponding to

‘the object 2274) are multlplexed by the multiplexer 1 followmg the flowchart
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shown in Fig. 5. When picture data and‘audio data are multiplexed, both the

- data must be eynchronized and reproduced. The time information such as

PTS, DTS, etc. necessary for synch_ronization and reproduction is thus added |
to ea_c_:h data. 'Further, headers_fer identifying audio or video are added, then
the data are rnnltiplexed. In this case, an output of the multiplexed pi_cture '
from the multiplexer 4, which comprises smaller objects, is treated as one
picture data. | _

Third, the persbn and other objects, as previously described not shown
in Fig. 2, are multiplexed by the multiplexer 2 same as the multiplexer 1 did.
The multiplexer 3 n;ultiplexes the outputs from the multiplexers 1, 2, video 31
that -corresponds to -the backgronnd (object 226), and Audio 32 that
corresponds to audio of the background (object 228), to form a packet, then
outputs the packet.

Fig. 6 shows an operation of the CPU 38 in the multiplexer 3. In F1g 6,
the outputs from the multiplexers 1 and 2 are fed into buffers on steps 61 and
64 to form packets. At the same time, drﬂ‘erent PIDs are added on steps 63
and 66. In other words, the object relative to the moving body 227 has a

d1fferent PID from that of the object relative to the person. .

PTS and DTS are added to Video 31 and Audio 32, each correspondmg
to the object relative to the background and the objéct relative to the
backgreund audio respectively, and then they are multiplexed, and formed

into packets. Then, PIDs different from the outputs of the multiplexers 1

" and 2 are added.

Next PAT and PMT that 1ndlcate relations between contents of packets

and PIDs are produced. The following packets are multiplexed every given

" time and the outndts of the multiplexer 3 are obtained: packets of PAT, PMT

and an output of the multiplexer 1, packets of the outputs of the multiplexer 2, |
and a packet of multlplexed Video 31 and Audio 32.
' As the above description proves, PIDs are provided to each phys1ca1

_ object such as a background, a moving body and a person, thereby saving
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multiple PIDs which should have been provided if multiple objects had existed

-in one article. In othér words, a PID is provided to each master object, and

updﬁ request, components (slave objects) constituting the article are provided
with PIDs as lower objects. As shown in Fig. 3(c), one picture comprising
objects is controlled by PAT and PMT, thereby identifying a PID of an object
based on the PAT and PMT; As a result a specific object in a multiplexed |
packet can be picked out or replaced easﬂy with other ob]ects by des1gnat1ng
the PID of one object.

(Exemplary Embodiment 2)
A method of multlplexmg data in the second exemplary embod1ment is
descnbed hereinafter with reference to the attached drawings.

Fig. 7 is an explanatory chart depicting data multiplexed in a second

| e_Xemplary embodiment of the present invention. Fig. 8 is a flowchart

depicting an operation of a CPU 14 disposed in a multiplexe r 1 -Fig.91is a
flowchart dépicting an operation of a CPU 38 disposed in a multiplexer 6.

~ The multiplexer shown in Fig. 1 is utﬂized in the second exempléry
einbodiment; however, the method differs from that in the first exemplary

' embodi_méht. The operation of the multiplexer 4 is the same that used in the

first exemplary embodimeﬁt. A difference.between the first and the second -
embodiments is found in multiplexing packets of audio data and picture data.
In the first exemplary embodiment, they are inuitiplexed 1n a PES level, for
example, Audio 32 that is not in a packet form; however, in this second
exemplary embodiment, both are handled in packet fbrms.

First, as shown in Fig. 8, synchronizing time information PTS anci DTS
are added to the outputs (objects 2271, 227 2 and 2273) from the multiplexer 4,
then the resultant objects are packetized into packets;_ and PIDs are added.

These PIDs are not the PIDs of the outputs from the final multiplexer, but

they are sub-PIDs for identifying the objects. Audio 1 is formed into a packet
following the same procedure.. Further in the multiplexer 1, PAT and PMT
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are produced from the sub-PIDs which have béen added to the picture data
and aﬁdio data, and the packets are multiplexed before being tapped off.
Second, following the flowchart in Fig. 9, the .multiplexer 3 inputs the
output packets of the inultiplexers 1 and 2, then different PIDs ate added to
the outputs thercby identifyihg respective objects (step 91 - étep 913.) The
picture objects Video 31 and Audio 32 belonging to the background are
packetized into packets through the same method that used in the multiplexer

1; however, because their hierarchical classes rises one step up, PIDs instead

~ of Sub-PIDs are added (step 92 through step 934.) During the outputting of

multiplexers 1 and 2, the Sub-PIDs of each multiplexed PAT are rewritten

upon request so that no duplication in the multiplexers 1 and 2 occurs.

~ Further, these PATs are utilized to pi-oduce the output, ie., PAT and PMT,

from the multiplexer 3, and together with data, these outputs are packetized

into packets and tapped off.

Before the packets are multiplexed, each packet is given a priority
order in step 97 shown in Fig. 9. The respective priority ork_iers' are assigned
to the individual object. For example, the impci'tant object 1 is given a
higher priority order, and the background that may be lost is gixfen, a lqw_éfr
pi'iority order. In this exemplary embodiment, the multiplexer 1 is given the
highcst priority order, then the multiplexer 2 are given the second highest
order, Video 31 is the third and Audio 32 is the fourth priority order. This
prio_rity order system can identify which object must be protected firstly when
errors occur in the transmission line. | |

Flg T(a) is an output _exampl_e o‘f the multiplexer 3. Fig.- 7(b) is a
p'acket example when the packets with lthe" same PID 'a_re collected, which
example corresponds to the cutput status of the multiplex 3 from which the

packets of Video 31 and Audio 32 have been deducted. Fig. 7(c) is an. output

~ example PAT of the multlplexer 3.

_ What differs in F1g 7(d) from the prior art is that the PID of PMT of the
object 1 is included besides the PIDs of PES of picture and audio data. Fig.
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7(e) is an example of PMT of the ohject 1. When the object 1 is divided into

further smaller objets, PID of PMT of an object 11 are described as shown in
Fig. 7(e). In this second exemplary embodiment,.when PAT of the object 3
and PMTs of each object areenalyzed, PID and Sub-PID are identified, the
added PATs in the multiplexer 1 and 2 are thus not needed any more in the
multiplexer 3. ‘Those added PATs are therefore deleted. |

According to this second exemplary embodlment ‘the same effect as the

first exemplary embodiment can be expected, and further smaller objects can

 be formed into packets, which makes it easy to feed the data into the

transmission line. Because the PID is searched by a multlplex pomter of

~ PMT, one object is handled by the corresponding one PID, whereby the object-

oriented operation can be handled more easily.

In the above description, two hierarchical classes are employed, i.e., one

for PID and Sub-PID, and the other for objects; however, the present invention
. is not hmlted to th1s example, but multiple classes can be applied to, e.g., PID

Sub-PID, Sub-sub-PID <erse.., and whereby a multiplex can be practiced with

‘the same operation as this second exemplary embodiment.

In this embodiment, a PID of a PMT is descnbed in PAT, and further a -

PID of a PMT of other object is described in the PMT; however, the table

packet is not limited to this format only For instance, when PIDs of PMT of

“each object can be directly described into PAT, the same effect can be obtained

provided a number of objects is small.

(Exemplary Embodiment 3)

The third exemplary embodlment is described heremafter with
reference to the attached drawings. _

Fig. 10 is a 'blockl diagram of a data reproducing apparatus, which
reproduces multlplexed data, used in a third exemplary embodJment of the -

present invention. The apparatus comprises: a data inverse mult1plex1ng

‘section 101, a contro_ller 104, a picture decoder 105, and an audio decoder 106.
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Fig. 11 is a flowchart depicting an operation of a CPU 1012 disposed in
a data inverse-multiplexing section 101. Fig. 12 is a flowchart depicting an

operation of a CPU 1041 dispose& in the controller 104. The multiplexed

~ data used in the second exemplary embodiment is fed into the inverse

multiplexing section 101 via a storing media 102 or a transmission line 103.
The inverse multiplexing section 101, first, detects PAT and PMT, and
determines a PID of a desirable program. When a PMT includes a PID of a
PMT 6f another object, the section 101 detects the PMT again, and determines
necessary PID from the detected PMT. This process (step 111 through sfép
114) is repeated to determine the PIDs of picture, audio and data necessary for
reproduciﬁg the i)rogram. |

- When the PMT includes a PID of a PMT of anofhe‘r object, a specific -

PMT of another object must be detected from the packet, therefore, it requires

some time to determine a PID of a packet necessary for reprodixci_ng. In
order to minimize this time, it is one of ideas that the multiplexers
sequentially send out the PMTs of relative objects. Throﬁgh the above
procedurg (steps 115 and 116), the PID is determined, aﬁd each packet is
picked out from respective streams. Then, the data is transmitted to the

controller 104, also the picture and audio are transmitted into respective

- decoders 105 and 106 (step 117.) )

" The controller 104 opex;ates as follows [refer to Fig. 12(a)]. 'First, input

headers.of each object, at the same time, iniput error flags produced during the

© transmission or storing. 'An error ﬂag reminds the receiver of an error, then

the recelver starts with the error process (step 123) in Fig. 12(b).

The error process in F1g 12(b), in pnnc1p1e, is to replace an error in the
object with another object given by the decode_r. For instance, a picture object
is impbss_ible to reproduce due to an error, the picture object can be replaced
with a same pattern as the background or a transparent article. | In the case
of an.audio object, it can be replaced with a given background music.

The error process can be interpolated instead of being replaced. For a
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uniform picture such as a background, ‘an interpolation’ within the
background (the same object) can conceal the error with little distinction.

When no error exists, the first step should be restored to "input" of an

_object header and continue the eperation pf'ovided no new object exists as

shown in step 124. When a new object exists, display location or time

information of reproduction, which is d_escribéd in the headér of this new

" object, _'is read out, and this information is set in the respective decoders 105

for picture and 106 for audio as shown in Fig. 10.

Because the upper tht layer such as the background is a reference for |
display and reproduction, the reference display location as well as reference
reproduction time of the upper most layer is set first. Ohjects of lower layers
are decoded, reproduced and displayed utilizing the information of display
and reprod'uction. of the ubper layer, such as a picture size, a sampling
frequency, a frame rate, a color space, hnd the like. As such, the'lowel_' layer
succeeds to the information of 'the upper layer for reproduction, whereby a
consistent picture can be reproduced even with different objects. _

Regarding how to send a start time of reproduction, a timing of
reproduction—stari: or an off-set from réproduction-start of the reference

picture can be sent, because each object has its own PTS and DTS referenced

to respective objects.

In the above description, a reproduction-start time is detailed; however,
when a picture comprises plural objects display locations of the objects must

be sent. This display location can be sent as an off-set to the upper layer or

an absolute location to the background.

The above description proves that the data stream mu1t1p1exed through

the method in the second exemplary embodiment can be correctly decoded,

reproduced and _displayed.

This third exemplary embodiment proves that the data stream

“multiplexed by the method detailed in the second ex,émplary embodiment.

The decoding method of this third exemplary embodiment also can decode the |
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data stream multiplexed by the method detailed in the first exemplary

‘embodiment with'mi.nor changes in the flowcharts in Figs. 11 and 12.

~ In this third exemplary embod1ment the data is reproduced and
d1splayed by referencing to the display start time and display location of the

upper layer. However, as described in the .second exemplary embodlment,

‘the upper layer is sometimes transmitted lowering its priority order, thus the

upp'eif layer would lose the data. In such a case, data is reproduced and
displayed referencing to the display start time and display position of an
ob]ect located in the upper most layer where the obJect constitutes the data

(Exemplary Embodiment 4) _
| A method of reproducing data in the fourth exemplary embodiment is
now descnbed hereinafter by rreferring to the attached drawings.

Fig. 18 is a flowchart depicting an operation of the CPU 1041 of the

~coh‘troller 104. The method of this fourth exemplary embodime_nt differs

. from that of the third embodiment in the following point: scenario data,

which describes when and where an object should be reproduced in a series of
pictures, are multiplexed and sent beforehand, and a reproduction apparatus -
reproduces the object based on the scenario data

This fourth exemplary. embodiment can produce the same effect as the

'third embodiment does, further, this fourth exemplary embodiment can

combines various objects and display them with ease, e.g., a picture produced
by computer graphics and a natural picture.are ¢ombined and displayed. In

this case, the multiplexer must know the contents of all the pictures.

- (Exemplary Embodiment 5)

A method of multiplexing data, ueed in the fifth exemplary embodiment
is hereinafter described with reference to the attached drawings.

Fig. 14 is a block diagram of a data mhltiplexing apparatus used in a
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fifth exemplary embodiment of the present invention. In Fig. 14, a block 2 is
the same as the second niultiplexer used in the first exemplary embodiment

and shown in Fig. 1. A block 3 is approximately the' same as the third

. multiplexer used in the first exemplary embodiment and shown in Fig. 1.

Fig. 15 is an explanatory chart depicting a structure of data multiplexed. Fig.

16 is a flowchart depicting an operation of a CPU 26 disposed in a data
“multiplexer 2. Fig. 17 is a flowchart depicting an operation of a CPU 38 |

disposed in a data multiplexer 3. F1g 18 is a hierarchical table depicting
relations between layers of the objects.
The data mu1t1plex1ng method used in the data multlplexmg apparatus

constructed as above is detailed with reference to the Figs. 14 to7.

As shown in Fig. 14, a multiplexing Operation is basically the same that
used in the first exemplary embcdi,ment with the following exceptions. (1) In
the multiplexer 2, Video 21 and Video 22 instead of Video and Audio are
indexed and _multiplexed, 2 Video 381 and 'Vide.o. 32. are fed into the
multiplexer 3. | |

In this exemplary embodiment, the multiplexer 2 is attached to a

‘coding apparatus, and the multiplexed data produced therein is supposed to

be sent out by a network adapter, i.e.', the multiplexer 3. When digital data.
access the Internet via Ethernet through protocol, both of the multipie’:':ed &
data and the data not to be muitiplexed are mapped as they are in a protocol
packet of the Internet. |

Fig. 15(a) depicts an output from the data mu1t1p1exer 3, where a
packet of ID=k and a packet of ID=m are not necessary contmued, and

another packet is not always between both these packets; however, both these

- packets are supplied to the same transmission line, e.g., Ethernet. When the

Internet protocci "ip" is used, packets are trahsmitte,d through the same port

or through different ports. In this-case, regardless continuous packets-

discontinuous packets and a number of ports, the packets are supplied to the

" same transmission hne which can be cons1dered that the packets are
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multlplexed
- Fig. 15(b) details the content of the packet shown in Fig. 15. In this

 embodiment, Video 21 and Video 22 with indexes of k1 and k2 respectlvely are

mu'ltiplexed, as shown in Fig. 16. Then; before the .multiplexed data is

-supplied to the transmission line, ID=k is added to the packet in the data

mult1p1exer 3. ,

On the other hand Video 31 and Video 32 are not multiplexed but
indexes are attached thereto, and Video 31 and Video 32 are formed mto a
packet, then the packet is supplied to the transmission line. The TS packet
used in the first exemplary eﬁbodiment is 'not required in this embodiment,
and yet data comprises plural objects can be transmltted by using a network
such as Ethernet. .

When data quantity of objects are small, the data multiplexer 2

multiplexes the data before they are transmitted to a network. Therefore, an

overhead including a header can be avoided, as a result, an efficiency
transmission can be expected

The hierarchical clas31ﬁcat10n is now descnbed hereinafter with

- reference to the picture in Flg. 2. Fig.181is a hierarchical table depicting

hierarchical relations between respective digital data, and lists an example
table that is transmitted together with a packet by the third multiplexer 3.
The details of the table in Fig. 18 are approximately the same what PAT, PMT

- showed in the seeond exe'mp'la;r_y embodiment; however, they are described in -

different ways. When a signal is transmitted using the TS packet, PAT and

| PMT can be wused; ho'wever, PAT and PMT are not available in this

embodiment, therefore, unless the hierarchical information of the objects is

transmitted, the decoding apparatus cannot pick out a specific object or
decode an object selectively.

The table in Flg 18 shows mapping data of hierarchical relatiohs
between digital data streams and indexes as well as digital data streams and

packets. Each digital datum is attached with a stream "id", and this table
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identiﬁes which stream is transmitted by which packet. When the audio
object shown in Fig. 2, a stream "id" is firstly added to the audio object in this

example described now. The stream "id's are assigned to ‘each object as

~ follows:

Stream "id=1" to the background 226 in Fig. '2,
"id=2" to the moving body 227,
"id=3" to the background audio 228,
"id=4" to a part 2271 of the moving body,
"id=5" to a part 2272 of the moving body,
"d=6" to a part 2273 qf the moving body,
| "id=7" to audio 2274 coming with the mouing l)ody.

The multiplexer 2 multiplexes the streams corresponding to the meving
body and its parts? ie., id=2,4,5, and 6 (n Fig. 14, they are not listed as
inputs.) The multiplexer 3 multiplexes the streams corresponding to the
background and its audio, i.e., 1d=1,317, aud the reeultant multiplexed i)aeket
from the multiplexer'2. |

‘Since indexes, in general, are given together with censecutive numbers
starting from "1" to each packet, the packets of "id=1", "id=3" and the packet
multiplexed by the multiplexer 2 have the same iudex. (In Fig. 18, the

streams 1, 2, and 3 are assigned the respective packet Nos. 1, 2, and 3, and

assigned the same index "1".) Stream Nd=T" is assigned to the audio

“accompanying the moving body, and thus belongs to the object 227.

Therefore, the indexes are assigned consecutive numbers of the stream
"id=2,4,5, and 6" (In Fig. 18, they have the same packet No. 2., and the
indexes are assigned the consecut1ve numbers 1 2,3 and 4.)

The packet "id" is assigned to the respectwe packets mu1t1plexed by the
m’ult1plexer 3. Accordingly, the stream "id=1,2, and 3" are assigned packet
"id" independently of_the 'packet No. 1,2, and 3. Because the stream "1d=4,5
and 6" are multiplexed to the same packet having the stream "id=2", they

have the same packet "idf'—2".
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Fig. 18 shows parent in’dekes, child indexes, ‘parent packet "id" and_'
child. packet "id". The parenf means a high hierarchical clgss and the child
means a low class. In Fig. 18, fhe mt_)ving body assigned.packet NQ. 2 is a
parénf packet, thus its stream "id=2" is assigned packet No. 2, while its parts
and accompanyihg audio are child packets, thus _.their stream "id=4,5,6 and 7"
are assigned packet Nos. 2,2,2, and 4 respectively. In order to show the |

parent-child relation, respective packet Nos. are put in the columns of parent

packet "id" and child packet "id".

~ Fig. 19 is a flowchart depicting' an operafion of CPU 1012 disposed in

the data reproducing;apparatus shown in Fig. 10 that reproduces the data

multiplexed in this embodiment. The hierarchical table shown m Fig. 18 is
sypposed to be transmitted together with picture data .and audio data.

In Fig. 19, firstly, the hieré.rchical rélation and packet IDs of the objects

are. reproduced from the hierarchical table shown in Fig. 18._ Secondly,

~ packet IDs corresponding to the necessary objects are judged based on user's

instruction, and the resultant IDs are picked out from the stream. Based on
the .objec_i':s in Fig. 17, the hierarchical table shown in Fig. 18 can tell which .
packet must be picked out in order to reproduce a certain object. For
instance, Whén an object having a stream "id=2" (corresponding to the moving

body per se) is reproduced, "id=2_, 4" can be judged based on the packet "id=2"

“and child packet "id". Then the pack.ets'_of "id=2, 4" are picke_d out from the

stream, and they are sent to the decoder. In other words, object's can be
selectively decoded. | o - )

| In Fig. 18, the stream "id", both ihdexes and packet IDs of parent and
chi_ld are transmitted in the form of table; however, this is only for an
explanatory purpose and the transmission is not l_imifed to this method only.
Necessary items to be transmitted must tell at least the hierai'chical reiétion.
Some of the above items, e.g., indexes of parent and child, or packet IDs of
parent aﬁd child can be thus omitted depending on transmission capacity as

well as necessity.



10

15

20

25

30

21

The transmission mode of the hierarchical table is' to be multiplexed
onto the packet; however, there are various method as’ follows. The

transmission mode is tra_nemitted as a part of header of digital data, or, the

 hierarchical table is treated as independent digital data and transmitted

either as another packet or by another transmission means.

In -th_is'ﬁfth exempiary embodir_hent, indexes are added to digital data
when the digital data are multiplexed. These indexes can be omitted when
another method that can identify a border between packets or a kind of packet
can be employed. For example, a quantity of data Iis transmitted as another
data, or markers are inserted between different data, etc. ‘

Further, in the above embodiments ihcludihg’ j)re'vious ones, a display
time and a reproduction time .alre added to digital data for synchropization
and reproduction. When the synchronization and feproduction are not -
needed, or when each packet is synchronized, they are not added. |

In these embodimente, video and audio are multiplexed; however, this
is not the only combination to be multiplexed, but any digital data such as

video and video, or video and other data, can be multiplexed.

Industﬁal Applicability

A hierarchical structure of objects is maintained, while each object is’ |

" assigned a packet No. and multiplexed, whereby respective 6_bjects can be

.easily replaced and edited without substantial increase of data quantity.

This invention is realized by the method of multiplexing data, the method of

-data reproducing, and the multiplexed data reproducing'apparatus usiﬁg the

method, and the medium that records the methods. _
When ﬁackets are multiplexed, each object is assigned different priority
order, thereby reducing a frequency of missing an important object. Further,
when the.iject is rej)roduced, a relation betWeen objects are teught, whereby
an interpolation within the object can be operated. 'When picture data ere

synchronized with audio data, each object having its own time information is
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multiplexed, whereby an individual object can be synchronized. Also, the
reproducing apparatus reproduces objects by matching times among objects, -
whereby a picture comprising multiple objects can be synchronized and

reproduced.
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‘ What‘is claimed is:

1. Amethod of multiplexing data comprising the steps of: | |
(a) multlplexmg digital data "pl" and digital data "d1"

-produce a ﬁ.rst object data "ol1";

(b) making a d1g1_tal data "p2" as a second object data "o2"; and
(© further multiplexing the first object data "ol" and the sé_cOnd
object data "o2" to produce a third object data "o3".

2. The method of multiplexing data as defined in Claim 1,
wherein one of the object data "ol1" and the object data "02" includes picture

data that comprises a physical object.
3. The method - of mult1p1ex1ng data as defined in Claim 1,
wherem the d1g1ta1 data "p2" is p1cture data thatisa background of the ob]ect

data "ol" d1sp1ayed on the background

4. The method of multiplexing data as defined in Claim 1,

wherein information indicating relation between the object data "o1" and the

_object data "02" is also multiplexed when the object data "03" is produced. _

- .5..- A’I-method of multiplexing data comprising the steps of:
| '(a)= multiplexing digital data "pl" and digital data "d1" ‘to
produce a first object data "o1"; | | '
(b) multlplexmg digital data "p2" and d1g1ta1 data "d2" to

produce a_sécond object data "o2"; and

(c) further multiplexing the first object data "o1"-and the second -

_ object data "02" to form a third object data "03".

6. _Arn'ethod of multiplexing data comprising the steps of:
(2) multiplexing digital data "pl" and digital data "d1" to

* [ L M S *
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produce a first obJect data "ol";

(b) packetlzmg the obJect data "ol" into a packet to produce a
ﬁrst packet data "op1"; _ '
(o) packet1z1ng d1g1tal data "p2" into a packet to produce a -
second packet data "op2"; and
(d further multiplexing the first packet data "opl" and the
second packet data "op2" to produce a third packet data "op3", _
wherein a packet number identifyin'g- the packet is assigned to

the first packet 'dat_a' '_'opi" and the second packet data "op2" respectively.

7. A method_ of multiplexing data comprising"the steps of:
(a) multiplexing digital data "pl" and digital data "d1" to
produce a first obJect data "ol"; | .
(b) packetizing the object data "ol" into a packet to produce a
ﬁrst packet data "op 1" ' '
{© multlplexmg digital data "p2" and d1g1ta1 data "d2" to
produce a second object data "o2"; o
(d) packetizing the second obJect data "o2" 1nto a packet to
produce a second packet data "op2"; and ' .
(e) furthe"r'multiplexing the first packet data "opl" and the
second packet data "op2" to produce a th1rd packet data "op3"
‘wherein a packet number identifying the packet is assigned to the.
first packet data "op1" and the second packet data "op2" respectively.

8. A method of multiplexing data comprlsmg the steps of:
(a) mult1plex1ng digital data "pl" and d1g1ta1 data "d1" to
produce a first object data "o1"; ' '

(b) packet1z1ng the object data "ol1" into a packet to produce a
first packet data "op 1"

(© mu1t1plex1ng d1g1ta1 data "p2" and d1g1ta1 data "d2" to

N N R
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produce a second object data "o2";
. | - (d) packetizing the second object data "o2" into a packet to
produce a second packet data "op2"; and

(e) further multlplexmg the first packet data "opl" and the

. second packet data "op2" to produce a third packet data "op3",

wherein a first packet number is assigned to the third packet data
"0p3" and different packet'numbers, i.e., a second and a third packet numbers

different from the first packet number are ass1gned to the packet data "op1"

| and "op2" '

_ ‘9. Amethod of multiplexing data comprising the steps of:
(a) multiplexing digital data "pl" and digital data "d1" to

' produce a first object data "01"

(b) packet1z1ng ‘the first object data "opl" 'mto a packet to
produce a first packet data "op1";

(c) multiplexing a first table packet that indicates details and a

packet number of the first packet data "op1" onto the first packet data "op1";

(d) multiplexing d1g1ta1 data "p2" and digital data "d2" t0'

produce a second object data "o2";

() packetizing the second ob]ect data "o2" into a packet to

produce a second packet data "op2";

(0 multiplexing a second ta‘ble packet that mdlcates details and

a packet number of the second packet data "op2" onto the second packet data

"op2"; and

second packet data "op2" to _prodnce a third packet data "op3";
wherein the third packet data ';op 3" is further multiplexed with a

third table packet that indicates details and a packet n'umber.' of the thrid '.

packet data "op3", and packet numbers of the first and second table packets
are descrlbed in the third table packet

- (@) further multiplexing the first packet data "opl" and the

) OO 1 1
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10. A method of mul_tiple'xin'g data comprising the steps. of:
(a) m'ultipl'exing“ digital data "pl" and digital data "d1" to
produce a first object data "01" _
(b) 1dent1fy1ng d.1g1ta1 data “p2" as a second ob]ect data "o2"; and '
(c) further multlplexmg the first object data "ol1" and the second
object data "o2" to form athird object data "03";

‘wherein the first object data "ol" is multiplexed data including
ﬁ:cst time information neceésary for synchronized reproduction of the digital
data "p1" and the d1g1ta1 data "d1", and

wherein the third obJect data "d3" to be multiplexed includes
second time information necessary. for synchronized reproduction of the third

object data "d3".

11. Amethod '6f mu'ltiplexing data comprising the steps of:
(a) mu1t1p1exmg digital data "p1" and d1g1ta1 data "d1" to

- produce a ﬁrst obJect data "o1";

(b) packetlzmg the obJect data "ol" into a packet to produce a

first packet data "op1";

© 1dent1fymg a digital data "p2" as a second obJect data “02"
(d packetlzmg the second obJect data "02" into a packet to
produce a second packet data "op2";

(e) further multiplexing the first packet data "opl" and the

. second packet data "op2" to prdduée a third packet .data "op3"; and

(f) assigning different priority orders to the first, second and

‘third packet data "op1", "op2" and "op3" respectively.

12. The method of multiplexing data of Claim 1, wherein the third
object data “03" is mu1t1p1exed by scenario data havmg both reproductlon t1me
and reproductmn location of one of the object data "ol", "0o2" and "03".

- ——
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13. The method of multiplexing data of Claim 12, wherein the

multiplexed data is reproduced based on the scenario data describing the

~ reproduction time and location.

14. A method of mnltiplexing data, wherein a picture is treated as

an aggi'egate.' ofa plurality of objects, and the picture data are processed on an

_object-oriented baSis, then the proeessed data is multiplexed; said method

' eompnsmg the steps of:

(a) dividing the picture into a plurality of master objects, and

iden_tifyin_g themselves as the master ob]ects;

| () dividing the identified master object into smaller slave

objecte when necessary, and identifying themselves as the slave objects,
whereby a hierarchy is formed;

| (c) packetizing one of the identiﬁed master object, the identified

master and slave objects, and the identified slave obJect into.a packet then

ass:gmng a packet number to the packet, and

(d) addmg the h1erarchlcal details as hierarchical mformatmn to -

the mu1t1p1exed data.

15. The method of multiplexing data as defined in Claim 14,

‘wherein said object is identified independently at least a picture background
Ve . . .

and a moving body.

16. The method of multiplexing data as defined in C1a1m 14,
wherem said object is 1dent1ﬁed by des1gnat1ng a target obJect

17. The method of multiplexing data as defined in Claim 14,
wherein said object is identified independently at least picture data, audio

data and additional _informaﬁon.

R 0 o

_
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18. The methed of multiplexing data as defined in Claim 14,

REPLACED |

Whereln sa1d luerarchy compnsmg
an upper class compnsmg a parent body in the obJect and

a lower class comprising a child body that is an element of the

- parent body.

19. A reproducmg method of data multiplexed through the
method descnbed in ClaJm 14, said reproducmg method compnsmg the steps

of:
'.(_a) 'separating the multiplexed data into hierarchical classes

- based on hierarchical infofmation when the hierarchical information_ is

attached to the mu1t1p1exed data;

() picking out a packet number of a slave object, which is
mu1t1p1exed on the multlplexed data, respectively from the class;

(c) p1ck.mg out a packet number of a master object, Wh1ch is
multiplexed on the multlplexed data, respectively from the class; and

(D '. reprOducing the multiplexed data based on the packet
numbers picked eut through the above proceeses as defined in (b) and ©).

| 20. A multiplexed data reproducing appafatus that reproduces
the data multi-plexed through the method described in Claim 14, said

- réproducing apparatus comprising:

| (a) hlerarchy separatmg means for separatmg the multlplexed
data into hierarchical classes based on hierarchical mformatmn when the
multiplexed data is attached w1th the h1erarchlca1 information;

“(b) ﬁrst picking out means for picking out a packet number of a |
slave object, which i is multiplexed on the multiplexed data, respectively from
the class; | | : . | |

| © se_eon'd picking out means for picking out a packet number of

a master object, which is multiplexed on the multiplexed data, respectively -

THIS SHEET HAS BEey
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from the class; and

(d) data reproducmg means for reproducing the multlplexed

data based on the packet numbers picked out through the above means as

| defined in (b) and (c).

21. A-'rep_rodueing. method of data multiplei;ed through the
method as 'deseri_bed in Claim 1, wherein time data telling when a'
reproductiori -starts and location data tel]ing where the reprdduction .is located
are multlplexed in the multiplexed data, and the multlplexed data is

reproduced based on said t1me data and location data.

22. A reproducing ‘method of data multiplexed through the
method as described in Claim 1, wherein the multiplexed data is reproduced. |
based on one of time 1nformat10n among a plurality of time information

havmg dlfferent time bases

23. A reproducing method of data multiplexed through the
method as described in Claim 4, ‘wherein information related to relations
between objects is picked out from object data "03", and one of object data "o1",

"02" and "03" is selected before being reproduced.

24. A reproducing  method of data multlplexed ‘through the
method as described in Claim 1 Wherem object data "02" corresponding to a

background of a picture is used for reproducing object data "o1".
- 25. A data reproducing apparatus that receives data multiplexed
through one of the methods as described in Claim 1 to 14, wherein digital data

including one of picture data, audio data or other data is reproduced.

26. Adata repro.dueing apparatus that reproduces data multiplexed

)
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~ through one of the methods as described in Claim 1 to 14, wherein one of a o

picture, audio and data predetefrﬁinéd by the reproducing apparatus replaces

one of a coi'responding picture, aﬁd_io_ ahd data when one of theses is unable to

be reproduced. -

27. A data reproducing apparatus that decodes data multiplexed

through one of the methods as described in Claim 1 to 14; wherein one of a

-picture object, an audio obj'ect and a data object each of which is owned by a

decoder interpolates, completeé and reproduces one of a picture object, an
audio object, ‘and a data object when one of these objects are unable to be

reproduced.

28.A recordmg med1um on which the data mult1p1exed through one

of the methods descnbed in Cla:lm 1 to 14 are recorded.

29. A trénsmitti_ng medium through which the data multiplexed
through one of the methods described in Claim 1 to 14.

(T



