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(1) Field of the Invention

The present invention relates to an optical disc which
stores information signals recorded and to a reproduction
apparatus for reproducing such optical discs, more spe;ifically
to an optical disc which stores multimedia data including
digital moving picture data, audio data, and sub-picture data
and to an optical disc féﬁroduction apparatus for reproducing
such optical discs.
(2) Description of the Prior Art

Interactive software titles of various genres, such as
aerobics, education and cooking, have been becoming
increasingly noticeable of late in the market of music and
movie software titles. Such interactive software titles
include a plurality of branches during the reproduction of an
optical disc, with the user being able to select the branch-
to addresses. Interactive software +titles with simple
mechanisms have already been achieved for conwventional video
CD applications.

The first basic technique for the achievement of
interactive software is distributed recording. This refers,

for example, to the division of a one-hour-long movie into,



optical disc, with the user being able to select the branch- 20 to

addr esses. Interactive software titles wth sinple mechani sns
have al ready been achi eved for conventional video CD applications.
The first basic technique for the achievenent of i nteractive
software is distributed recording. This refers, 25 for exanple, to the

di vi sion of a one-hour-long novie into, say,

one-m nute-1ong or five-mnute-|long sections which are recorded in
separat e ar eas S8 .a FHTHINUtRCIONGHUET nSi venminute-longe firgiians ovhéFh are
The second basic technique is random accessing in which pieces of
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of sets of control information. Such sets of control
information for random accessing each include a reading order
of the pieces of image information and address information
specifying areas on the spiral track in which the pieces of
10 image information are recorded. Here, there can be as many
sets of control information as there are reading orders, with
the user being able to‘sélect a reading order from a menu
displayed on the screen.
In this way, interactive software can provide several
15 courses that can be selected by the user using menus.

The following is a description of an interactive
aerobics software title. This aerobics interactive software
title has a pluraiity of shots of an instructor doing different
exercises, with several reproduction routes being recorded in

20 the title. These reproduction routes correspond to courses
such as "make your waist slim," "make your legs slim," and
"Lose five kilos" which can be selected by the user according
to his/her purpose. As one example, i1f the user selects the
"make your legs slim" course, a series of shots including leg

25 exercises, such as moving around with xrhythmical steps,

jumping, raising right leg high, and raising left leg high, are
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the user being able to select a reading order froma nenu di spl ayed
on the screen. In this way, interactive software can provide
several 15 courses that can be selected by the user using nenus.

The following is a description of an interactive aerobics software
title. This aerobics interactive software title has a plurality of
shots of an instructor doing different exerci ses, with several
reproeduction routes being recorded in 20 the title. These reproduction
rout es corresporeprodgoedsds successignh as "nmke your waist slim" "nmake

your legs slim" and .. "Lose five kilos" which can be selected by the
user according I8 e/ peer Rrlrrks the oaks arpite watst nglime course,
sel ects the "make your legs slin, course, a series of shots

including leg 255eTREt WS SOORZRIAG FRYS taPEERELSRPY hSERY: Afti t4tsting
steps, JUERL ks 42160 e’ £ 90he' &% U o3"BehdiR0"GveE! ﬁﬁg%ﬁ*‘é Huced

are
succession5 . .lf the user selects the "nake your waist slinf
cour se in succession. b,

A menu which is displayed using image data and which
includes these course titles is displayed on the screen when
the user loads tbe optical disc into the disc rep;oduction
apparatus. Then, after the user has selected a desired course

10 from the menu in accordance with his/her purpose, physical
condition and quickness, the disc reproduction apparatus
sequentially reads a.plufaiity'of shots in a reproduction route
which corresponds to the selected course. The read shots are
converted into image signals to be displayed on the screen.

15 Here, by following the instructor's movements which are
displayed on the screen, the user can enjoy a desired exercise
program in the comfort of their own home. Should the user get
bored with the selected program or wish to try something new,
he/she can select another course and adjust its level to suit

20 him/her.

This kind of interactive software title recorded on an
optical disc is ideal for a housewife who is on a diet since
she can select an exercise program according to her physical
condition and purpose and can exercise in between her chores.

25 Such interactive software titles are also beneficial for

company employees since they can complete a short exercise
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a series of shots concerning wai st exercises, such as tw sting t he

wai st to the right and I eft or bending over, are reproduced 5 I n
successi on. A menu which is displayed using i mage data and
whi ch. i ncludes these course titles is displayed on the screen when

the user |l oads the optical disc into the disc reproduction

apparatus. Then, after the user has selected a desired course 10 from
the menu in accordance with his/her purpose, physical condition and
qui ckness, t he pHagramepradit @ before gaing to wordsqientirsdey teapmpensate
plurality of shots in a reproduction route whi ch corresponds to the
sel ected courseforl'ﬁéiqi'(%d-aﬁ%t@ &xercise. converted into image signals to
be di splayed on the screen. Her e, %éofollomﬁn the instructor's

novenents which are Here' a&*?SPQFeGOBﬁe’P Bgtekmpte ?Fétfb‘é%rs‘?:%fr’ﬂ%’?ﬁ ditdes
desi red exercise in the confort of eir own hone. ul d
the user get * °lud§0r@d q‘l rI'[]t:’ﬁ'é’ s@ e&%%gr h‘?ﬁ? vﬁ%‘ﬁr&f%stl‘?e %' ‘same
sonet hi ng _new, an sel ect ,anoth se and adjust it v
SOMEt Nl N0 et o moaudi Y1853 everarh%mﬁrn o L s Hiaimtend Fo
title recorded %& %%rﬁg.ggﬁh g ggﬁro%m%%%?%&% %ngﬁlties.

a diet since se ect an am accor
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chores. 25 ghch Interactive software titles are a
soon master the movements repeated in the lesson, so that such

software titles quickly become routine to users. Heré, there
10 have been suggestions to provide a random reproduction function f
to the disc reproduction apparatus so as to aQoid this tendency -
for the reproduced conténf to become routine. Such a random
reproduction functionﬁ which is a function for reproducing
pieces of data recorded on a storage medium in a rand;m order,
15 is widely used in the reproduction of music software. However,
it is not desirable to use this function for interactive
software titles since the function regards every piece of data
recorded on the optical disc as a potential reproduction
object. This is to say, for the example of an interactive
20 aerobics title, conwventional random reproductidh could have a
menu, a shot of the instructor raising his/her leg, and a shot
of the instructor shaking his/her arms displayed in that order,
which would clearly make no sense fo the user and would be of
little value as exercise.
25 As can be clearly seen from the above example, f£for

certain kinds of interactive title, the reproduction of pieces
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conpany enpl oyees since they can conplete a short exercise

program such as before going to work, in order to
conpensat e for their lack of exercise. Here, al t hough
conventional interactive software titles include a plurality of
courses, these courses use a sane 5 reproduction order every tine.
For this reason, users tend to get bored with the exercise prograns
provi ded by such titles. For the exanple of an aerobics software

title, the userofadata rec6988d M etthbheopoveaENtididepeat edonplebe random
| esson, so that such software titles quickly becone routine to

users. Here, thistrds thdhdevgibadnssrggeatreoaf teppoduction rauties) for each
reproduction function to the disc reproduction apparatus so as to
avoi d this tendenmse. Tof oavohd repcbdudtsordaredt repbedenbionut ide. user
Such a random .- reproduction function, which is a function for

r epr oduci ng progyamwiayy ofuriition cgay dbe aised.st dierRe, nedusen Pregramiving
order, 15 is widely used in the reproduction of nusic software.

However, S fynchipmotsdesi FapFEien @Wdathi 3nvikes dhg oRSPAt dicBrle the

reproduction order of the course by himself/herself. Here, the
manual or jacket of the software title can assist thé user in
setting such a reproduction order, with most modern disc
reproduction apparatuses being equipped with this function.
10 However, the settidg of such functions tend to be rather
complicated, so that tiusers, such as housewives or office
workers, may not have énbugh time for setting reproduction
ordérs by themselves. Such time~consuming procedures may end

up only discouraging users from using such aerobics software

15 titles.

SUMMARY OF THE INVENTION
It is therefore the first object of +the present
invention +to provide a multimedia optical disc and a
reproduction apparatus which achieve an interactive softwafe
20 title in which a plurality of pieces of moving picture data in
a course selected by the user can be reproduced in a random
order without making the user feel confused. |
It is the second object of the present invention to
provide a multimedia optical disc and a reproduction apparatus

25 which achieve an interactive software title in which a



software titles since the function regards every piece of data

recorded on the optical disc as a potential reproduction obj ect.
This is to say, for the exanple of an interactive 20 aerobics title,
conventional random reproduction could have a menu, a shot of the

I nstructor raising his/her |leg, and a shot of the instructor shaking
hi s/ her arns displayed in that order, whi ch woul d clearly make no
sense-to the user and woul d be of little value as exercise. 25

As can be cl eapirsadarty raddie dbawsey @ npleturd odata in aekbairseKisedeated
Interactive title, the reproduction of pieces

4 by thef wsim revorbkedreprodaced | £al adi sendbmcompdet e widinsbarh
destroys the | ogical structure of reproduction routes for each

cour se. To aveiairdmsh RIS daogdammemoo e tihen usex -.user

programmi ng function may be used. Here, a user programm ng 5 function
is a function which i fie @ovre obdectsoazer achdeved by ﬁeﬁﬂé@&@?ﬁéﬁ epddcal
of the course hy hinself/herself. Here, the manual or jacket. of the

sof tware Bi t| cTeaF SSHRAITHNG s ate area and en index area,’ the data srea
comprising a plurality of objects each of which 1ncludes video

data, and the index area comprising a plurality of sub-areas
each of which includes addresses of objects selected from the
plurality of objects stored in the data area, a flag indicating

10 a réndom reproduction of the objects selected, and a number of
repeats of the random réproduction.

With such a cbnétruction, the disc reproduction
apparatus generates random numbers and selects the ;ddresses
in the same sub-area at random after reading data recorded as

15 above. As understood ffom the above description, since each
of the sub-areas includes a random reproduction instruction and
selected addresses, the objects to be selected at random are
limited to the addresses in each of the sub-areas. Here, if
each course such as "make your legs slim" and "make your waist

20 slim" corresponds to a sub~area, the objects in each course are
read and reproduced at random. As a result, the objects of
each course are reproduced in arbitrary order, with the
regularity of the course, which is constructed under the
logical structure of the interactive software title, being

25 maintained. Accordingly, fhe reproduction of the optical disc

does not make the user feel confused and provides the user



setting such a reproduction order, with nost nodern disc

reproducti on apparatuses bei ng equi pped with this function. 10 However ,
the setting of such functions tend to be rather conplicated, so

t hat users, such as housew ves or office wor kers, may not have
enough time for setting reproduction orders by thensel ves. Such

ti me-consum ng procedures nmay end up only discouraging users from
usi nge such aerobics software 15 titles. SUMVARY OF THE

| NVENTI ON freshness| forsat hengf bieet hy repsbdobjiegt oifjedis piresentourse
I nvention to provide a nultinmedia optical disc and a reproducti on
appar at us whi chimachizandem ardean.astithouomemyicin prion |Rregramming Ly the
plurality of pieces of noving picture data in a course selected by

t he user can b&§&%Pproduced in a random order without making the user
feel confused. It is the second object of the present

I nvention to provide a nultinmedia optical disc and a reproduction’

apparatus 25 _which _achieve an_interactive software title in which
a BRIEF DESCRIPTION OF Tﬁﬁ DRAWINGS

5 These and other objects, advantages and features of the
invention will become apparent from the following description
thereof taken in conjunction with the accompanying drawings
which illustrate a specific embodiment of the invention. In
the drawings:

10 Fig.lA shows an appearance of an optical disc used in
the present embodiment; ' |
Fig.1B is a cross section of the optical disc.
Fig.1lC is an enlarged detail of a part of the optical
disc where the optical spot is shone;
15 Fig.1lD shows pit sequences on information layer 109.
Fig.2A shows a track arranged on the information layer
of the optical disc; -
Fig.2B shows the construction of the physical sector of
the information layer of the optical disc;
20 | Fig.3A shows the logical construction of the optical
disc;
Fig.3B shows the file area of the optical disc:
Fig.4 shows the data construction of the Video Title
Set;

25 Fig.5 shows correspondence between moving picture
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plurality pieces of noving picture data in a course sel ected by the
user can be reproduced in a random order w thout requiring prior
programm ng by the user. The above objects are achieved by a
mul ti redi a optical 5 disc conprising a data area and an i ndex area, the
data area conprising a plurality of objects each of which includes

vi deo data, and the index area conprising a plurality of sub-areas
each of which includes addresses of objects selected fromthe

plurality of obpatesisisiecaudict matwatidle cagand fubhgtitdecawteyial® ard the
random reproduction of the objects selected, and a nunber of repeats
of the random repebduéni vhdeo objects (VOBgth such a construction, the

di sc reproduction . aggaratus ener ates random nunbers and sel ects the
in thEiga

addr esses shgmSartde aEorahEBRTAPReOf cElP nY1d8Pa Tidd® dRrt
as 15 above. As understood fromthe above description, since each
of the sub-ared8ageNERE LPFARBRFFPRYr oduction instruction and

limted

sel ected dresses, thg.objects to be_ sel ected at .random_ar
to the addfesses in eaﬁﬁgo ftﬁé“?ﬁ%-é?@hs?‘ gugtdon of gg@h ¥ORr sRAdtRSS

as "make your |lg slipl and ,jpake your'maist 20 slin corresponds to a
sub-area, the oﬁ?@%f%aﬁ%°%a€ﬂb@%Urse are read and reproduced at

random As a result, tpﬁg??&egﬁéwgfthe format of the PG reproduction mode;
Fig.8 shows contents of moving picture data in VOBs:
Fig.9 shows contents of descriptions in PGC information
10 of Video Title Set V2;
Fig.1l0 shows the appearance of the reproduction
apparatus used in the'pfeéent embodiment;
Fig.1ll is a block diagram showing the construction of
DVD. player 1 used in the present embodiment:;
15 Fig.1l2 is a block diagram showing the construction of
system controlling unit 93;
Fig.13 is a main flowchart showing the process steps
of system controlling unit 93;
Fig.1l4 is a flowchart showing the process steps of
20 system controlling unit 93 at reproduction order'determination:
Fig.1l5 is a flowchart showing the process steps of
system controlling unit 93 at shuffle reproduction:
Fig.16 is a flowchart showing the process steps of
system controlling unit 93 at random reproduction;
25 Fig.l7 shows iméges displayed on the screen when VOB#3

is read:;



each course are reproduced in arbitrary order, with the regularity
of the course, which is constructed under the | ogi cal structure of
the interactive software title, being 25 mai nt ai ned. Accordingly, the
reproduction of the optical disc does not meke the user feel confused
and provi des the user 6

freshness for a long tine by reproducing objects in a course in a
random order, wi thout requiring prior progranmng by the user.

BRI EF DESCRI PTI ON OF TF&g F3\Wes imfages displayRebam dife cidngenbjhen sVOB#S
advant ages and features of the invention wll beconme apparent from
the fol |l owi ng descfe3di on thereof taken in conjunction with the
acconpanyi ng draw ngs _, which illustrate a specific¢c enbodi nent of the
invention. In thieg dhdheys imgges displayed ony fhe, SEFesn dfiar

of an optical djsc used in t he present enbodi nent;
is read;

5 Fig.20 shows the gonstruction of the Video Manager; and

Fig.21 shows a volume menu.



Fig.1B is a cross section of the optical disc. Fig.1Cis an
enl arged detail of a part of the optical di sc where the optical spot

is shone; 15
109. -

Fi g. 1D shows pit sequences on information |ayer
Fi g. 2A shows a track arranged on the information |ayer

of the optical disc; Fi g. 2B shows the construction of the
physi cal sector of the information | ayer of the optical disc; 20

Fi g. 3A shows the | ogical construction of the optical di sc;

Fi g. 3B shows t heEsORICTICNG OFf THE: PREFERRED IBMBODIMENT Fi g. 4 shows
the data construction of the Video Title Set; 25 Fig.5
shows correspondence Arhaanisiegal ndvsqgstpréngr @ultimedia data suitable for
7 materials, audio materials, and sub-title materials
and the thgapresenty ekpdinent sig\epdigital video disc{BVB)sHakd a

the constructi
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on of the Video Title Set .
diameter of 120mm which can store about 4.7GB of information

on one side. VoL
The following description is divided into a piurality
of sections with the section number written on the left-hand
side and the title as shown below. (1) and (2) are the highest
levels of sections. These sections branch to sub-sections as
indicated by the section numbers. The (1) family sections
describe optical disc; the (2) family reproduction apparatus
(disc reproduction appafaéus).
(1.) Physical Construction of the Optical Disc
' {1.1) Logical Construction of the Optical Disc
(1.1.1) Logical Construction ... Video Title Set
(1.1.1.1) Video Title Set ... Video Title Set Maﬁagement
Information
(1.1.1.2) Video Title Set ... Video Object (VOB)
(1.1.2) Logical Construction ... Video Manager
(2.1) Outline of the Disc Reproduction Apparatus
(2.2) Construction Element of the Disc Reproduction
Apparatus
(2.2.1) Construction Element of the Disc Reproduction
Apparatus ... Construction of System Controlling Unit 93

(2.3) Operation of System Controlling Unit 93

10



managenent i nformation; 5 Fig. 7A shows the construction of

the VOB address I nformati on table; Fig. 7B shows the
format of the PG reproduction node; Fi g. 8 shows contents of
novi ng picture data in VOBs; Fig.9 shows contents of
descriptions in PGC information 10 of Video Title Set V2;

Fi g. 10 shows the appearance of the reproduction apparatus used in

t he present enbodi nent; 11 is a bl ock di agram showi ng the
construction of (xxﬂ)?%zgmﬁah.Q@nﬁﬁiwpti@np¢%s§h% @ﬁﬁb@ﬁheﬁ%sc 15

Fig.12 is a bl ock diagram showi ng the construction_of stem
controlling unit 93; Fig 1A shows gn @%a@%m% e tFJ§hOW iy FFRSS-

process steps ystem controlling unit X
a flowchart sh&ﬁ%‘@“?%eof)r'?f&%s%v%'t eﬁs‘%flcgﬁi‘ows S (SRS d’r’ﬁ"'r?ge‘ijrgﬁ?r'@§f
har

t duct L t A9 i fl
howi hg the. pr GEbRst: o REAREing £20h,the o TEaRs RV A7, el

d fl .h h
PO e mamora A i R A DO S
F' 9. 17 shows i npggs. di SOl AVERQP-L0E $E16CD WM Y P Bayer 1168 Eﬁéd 'a print

layer 112 on which a label is printed.
First transparenf substrate 108 and second transparent
substrate 111 are both about 0.6mm thick, that is, within a
10 range of about 0.5mm to 0.7mm, and are reinforcers which are
made of the same material.
Bonding layer 110, formed between information layer 109
and transparent substrate 111, bonds these layers together.
A reflective membrane such as metal foil is attached to
i5 a surface of information layer 109 where it is in contact with
transparent substrate 108. A high density of indented and
protruding pits is formed in this reflective membrane.
Fig.lD shows pit shapes. The length of a pit ranges
from O0.4um to 2.l3um. A whole series of pits form a spiral
20 track with a radial distance of 0.74um between the pit lines.
In Fig.1lC, information is retrieved by shining.the laser
beam 113 on the series of pits and measuring changes in the
reflection ratio of the light spot 114.
The light spot 114 on a DVD has a diameter of around
25 1/1.6 times the diameter of a light spot on a conventional CD

due to an increase in the numerical aperture NA of the

11



Fig. 18 shows i mages di spl ayed on the screen when

3

VOB#5 I s read; Fi g. 19 shows inmages displayed on the
screen when VOB#8 is read; 5 Fi g. 20 shows the construction
of the Video Manager; and Fi g.21 shows a vol une menu

10

15

20

25

objéctive lens and a reduction in the wavelength A of the laser
beam.

DVDs of the physical construction described above can
store about 4.7GB of information on one side, which is almost
eight times the storage jcapacity of a conventional CD. As a
result, it is possible to achieve a great improvement in
picture quality for moving pictures and to increase the
reproduction time from the 74 minutes which was possible with
a video CD to over two hours.

The substrate technique which has enab%ed this
improvement in storage ‘capacity is a reduction of the spot
diameter D of the laser‘béam. .Here, spot diameter D is given
by the equation "D = laser wavelength i/numerical aperture of
objective lens NA," so that the spot diameter D can be reduced
by reducing the laser wavelength A and Dby increasing the
numerical aperture of objective lens NA. It should be noted
here that if the numerical aperture of objective lens NA is
increased, comatic aberration occurs due to the relative
inclination, known as "tilt"”, between the optical axis of the
beam and the disc surface. In. order to suppress this
phenomenon, DVDs use a transparent substrate of reduced
thickness. Such a reduction in the thickness of the
transparent substrate creates the problem of reduced physical
durability for the disc, although this problem can be overcome
by reinforcing DVDs with another substrate.

Data is read from DVDs using an optical system with a

12



DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

9

An optical disc storing nmultinedia data suitable for t he present
enbodiment is a digital video disc (DVD) with a di aneter of 120mm
whi ch -can store about 4.7GB of information 5 on one side.

The follow ng description is divided into a plurality of sections
with the section nunber witten on the |eft-hand side and the title

as shown below. (1) and (2) are the highest

10

15

20

25

short wavelength (650nm) red semiconductor laser and an
objective lens whose NA (numerical aperture) is about O.6mm.
If the thickness of the transparent substrate is about 0.6mm,
a storage capacity of about 4.7GB can be achieved forfone side
of a 120mm diameter optical disc. With this large storage
capacity, there is more than enough capacity for a whole
feature film to be recorded on one disc, with it further being
possible for the manufacturer to include soundtracks in several
different languages. Also, 4.7GB of storage capacity achieved
by this substrate technique is more than enough for a plurality
of pieces of moving picture data or audio data.

Fig.2A shows that a. spiral track is formed on the
information layer from an inner circle toward the
circumference. Data is read from the spiral track in units of
sectors. The sector includes, as shown in Fig.2B, the sector
header area, the user data area, and the error correction code
storing area.

The sector addresses in the sector header area are used
to identify each sector. The disc reproduction apparatus
searches sectors to be read by usihg the sector addresses.

The user data area stores 2KB of data.

The error correction code storing area stores an error
correction code for the user data area in the same sector. The
disc reproduction apparatus detects errors using the error
correction code when the user data area in the same sector is

read, and also corrects the detected errors. This secures the

13



I evel s of sections. These sections branch to sub-sections as 10

I ndi cated by the section nunbers. The (1) famly sections descri be

optical disc; the (2) famly reproduction apparatus (disc

reproducti on apparatus). (1.) Physical Construction of the

Optical Disc (1.1) Logical Construction of the Optical D sc
(1.1.1) Logical Construction ... Video Title Set

(1.1.1. 1) Video Title Set ... Video Title Set Managenent

| nf or mat i on reliability (4f 1the Hatadeeadinge Set ... Video iject (VOB)

(1.1.2) Logical Construction ... Video Manager 20 (2.1) Qutline

of the Disc Reproductioh- hhpee@i¢al Construction o5 the PRtiFatt PAHCE enent
of the Disc Reproduction

. Construction
El enent of the Disc ReprIRfiedt o‘?A?"pé)Ck foﬂﬁf&r‘%&% the ‘?ﬁ#fﬁ%t&“%l% tHingludes

Sglnt rglsl ' ng Umt ]?ead—a.n area, a véuz.umg %gg?t %188 qf %%t—%@tc%r}teraql | IFn:igg. 3A

5 shows a spiral track re-formed into a rectangle. As shown in
this drawing, the lead-in area, volume area, and lead-out area
-are included in a +track in series, and these areas are
recognized'by'idenfification.information.included in the sector
address. The lead-in area is located at the innermost position

10 of the track; the lead-out area the outermost position. The
lead-in area stores operation stabilization data which is used
when the DVD player starts'reading data from the optical disc.
The lead-out area informs the reproduction apparatus of the end
of reproduction and does not store meaningful data.

15 The volume area stores digital data which makes up an
application, and manages the physical sector, as a logical
block, to which the volume area belongs; The logical blocks
are identified by their serial numbers, which are put to
consecutive physical sectors with the first physical sector in

20 the:.data recording area as number 0. "b301" shown in Fig.3A
shows a group of logical blocks in the wvolume area. The
logical blocks have their logical block numbers such as #m,
#m+1, #m+2, #m+3, as shown in b301.

As shown in Fig.3A, the volume area also includes a

25 volume management area and a file érea.

The volume management area stores the file system

14



(1.) Physical Construction of the Optical D sc Fi g. 1A shows
an appearance of the DVD, Fig.1B a cross- section of the DVD. Fig.1C
shows an enlarged circled part of Fig.1B. Starting fromthe bottom
DVD 107 is fornmed of a first 5 transparent substrate 108, an

I nformation |ayer 109, a second transparent substrate 111, a bonding

| ayer 110, and a print | ayer 112 on which a | abel is printed.

First -transparent substrate 108 and second transparent substrate 111
are both about BafSagembkntkinfbamaitsonnicomifiorming) to ISKHAES4A, avolech0isnused
to 0.7mm and are reinforcers which are made of the sane material.
Bondi ng | ayer 1t0, mppaged shaiwsad ity wfeleghcphybiochs as filespd The file

transparent substrate 111, bonds these |ayers together. . A
reflective menbPY¥RECRyFRNRISRaNd FRFPrPationchoys: othe srelafion, fhglwegn a

information |ayer 109 where it is in contact with t ranspar ent
substrate 108. PAURPYATHeRd t5117 PABeAt ddaffdresses oh PRAURE 71 slpgical
L SRRNTERE AL LN S 1 SR L R L R | T
STk o Pt BERTER B [RkeaBe ety Ahed T it SHA0ES oonaoomen
;rg;;:ﬁ’ﬁg Eﬁaﬁggk?%m%ﬂgoh?s%ore specPPPOL11g, OPet DCe PAL | £8nOf 1 01 §808RY the
disc reproduction apparatus refers to all the system management
information to calculate all the groups of logical blocks for

10 the file, and accesses the groups of logical blocks to fetch
a desired piece of digital data.

Fig.3B shows the\file area. As shown in the drawing,
the file area stores a Video Manager and a plurality ﬁf Video
Title Sets. Each of these elements includes a plurality of

15 consecutive files whose recording positions are calculated from
the file. system management information. The reason why the
files are consecutive is that since the data size of the moving
picture data is so large that if the data is included in a
file, the file size exceeds 1GB.

20 The Video Title Set stores a set of one or more DVD
applications called titles. An example of such a set is a
movie application in which two versions of the same movie are
included, namely, a theater version and an original cutting
version. This is because since both versions share many parts

25 of the same movie and can be used in effect when they are

managed together as a set.
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reflection ratio of the [ight spot 114. The Iight spot 114 on

a DVD has a dianeter of around 25 1/1.6 times the dianmeter of a |ight
spot on a conventional CD due to an increase in the nunerical
aperture NA of the 11

objective lens and a reduction in the wavelength [err] of the |aser

beam DVDs of the physical construction described above can

store about 4.7GB of information on one side, which is al nost S ei ght
ti mes the storage capakn tRAg3Ea ViddeenTithalSepV1 As an interagpivyetsoffwaze

possible to achieve a great inprovenent in picture quality for, .
novi ng pi ct ur estidier te21ked et@erehpics. " Thigplpgesarsive fofERe Heltie is
m nutes which was possible with a video CD to over two hours. 10
The substrat e aghd@irpd Ry e clataastreghyredcharpsteristic g Fhaerticpl
storage capacity is a reduction of the spot di aneter D of the |aser
beam Here, sp&tish fetldre Presqpt spbodinentyy the equation "D = | aser

wavel engt % Lerr]/ nunerIirgztaéraa teirs;eurseongage title "aercobics" includes three
course titles, namely, "make your waist slim," “make your arms
slim," and "total fitness."
The Video Manager stores information on menus. The
information is used when the user selects a title among all the

10 titles stored in the plurality of Video Title Sets to reproduce

it.,
(1.1.1) Logical Coﬁstruction ... Video Title Set
Fig.4 shows the. construction of the Video Title Set.
The Video Title Set includes a plurality of wvideo
15 objects (VOBs) and the Video Title Set management information

that manages the reproduction order of the wvideo objects
(VOBs).
(1.1.1.1) Video Title Set ... Video Object (VOB)
The wvideo object (VOB) is multimedia data including
20 digital moving pictures, digital sounds, image data, and
management data for managing these kinds of data. For example,
in interactive software title "aerobics," each of VOB#1, VOB#2,
VOB#3, ... shown in Fig.4 includes a scene of about 1-2 minutes
such as the instructor moving around with rhythmical steps,
25 jumping, raising xright leg high, raising left leg high,

twisting her waist around right and left, and bending.

16



‘obj ective lens NA, " so that the spot dianeter D can be reduced 15 by
reduci ng the | aser wavel ength X and by increasing the numner i cal
aperture of objective lens NA It should be noted here that if the
nunmerikcal aperture of objective lens NAis i ncreased, conatic
aberration occurs due to the relative i nclination, known as "tilt",
between the optical axis of the 20 beam and the di sc surface. I n
order-to suppress this phenonenon, DVDs use a transparent substrate
of reduced t hi gkrdsizo obJuelt (¥oR)educiludes ianplulralilty OB wiits
t he transparent substrate creates the problem of reduced physical
durability for aligréidscinaltimeugiertigs. pr dbl OB canilte (GRBEbnds 2 piege of
reinforcing DVDs with another substrate. Data is read -from
DVDs using an egprosdluchismedadat wigh a time period ranging from about 0.1 to
short wavel ength (650nm red sem conductor |aser and an obj ective

| ens whose NA @n@meseeandgpertbr 808 sunbbutinelaidas, as shoyni e thigkbess

of the transparent substrate is about 0.6mm a storage capacity of
about 4.78B camepagemendy d@fogmegienspgek and a plurality of packs, namely,

video packs, audio packs, and sub-picture packs. Each data

pack has 2KB of data. By re-constructing these packs, digital

data sequences ©of each video data, audio data, sub-picture

data, and control data are generated. These digital data

10 sequences re-constructed in types are called elementary

streams. A VOB is alsc called a program stream or a system

stream each of which ‘iﬁcludes a plurality of elementary
streams.

In Figs.4 and 5, all data packs are arranged regularly

15 for the sake of explanatory convenience. However, since the

reproduction apparatus fetches these packs after storing them

in buffers, they cah. be arranged irregularly, except the

managément information pack which should be placed at the first

position. Also the total number of packs in a VOB unit and the

20 number of packs for each type may not be the same since moving

picture data, audio data, and sub-picture data include

variable-length compressed data. Actually, each VOB unit has

the number of packs different from each other. Also, though

the VOB unit of the present embodiment has two video packs, a

25 normal moving picture includes hundreds of wideo packs since

the rate of about 4.5Mbits/s is assigned to the moving picture
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5 of a 120mm di aneter optical disc. Wth this |arge storage

capacity, there is nore than enough capacity for a whole feature
filmto be recorded on one disc, with it further being possi bl e for

t he manufacturer to include soundtracks in several di fferent

| anguages. Al so, 4.73B of storage capacity achieved 10 by this substrate
technique is nore than enough for a plurality of pieces of noving

pi cture data or audi o data. Fig. 2A shows that a spiral track
is forned on thdata for trdngferring thgodatd rtomthe reprrductior | IPPITABL Y-

t he circunference. Data is read fromthe sgiraL track in units of
15 sectors. The sectke VHee@deackssssasad in Ehg. yBdeohokjalr(VOB) form

header area, the user data area, and the error correction code

storing area. at least one pifceQf Fiddfesedeq fath crlled FHRIGTH R PL

are used to identify each sector. The di sc yeproduction %ﬁ?aratus
20 sear ches BEEH®) t o @ BPikialy S9v @ doving picture

The user ta ea stares .2KB of orrecLion

a dat.a. . eL oL _¢C
code stor thy adRA RN REEpPERSRtBn, nayieg FhaKE NG 0P FRENRECH difape
crrors using { RS o OBE Y stinulathd GARK UHCs MG PSS Sabares

errors using the error 2 rection co e use

same sector is group, MAsh1 P s ePIgpcts the detected errors. This
secures the ’ 13

Fig.5 shows the relation between these packs in VOB and

a scene. The drawing shows, from the top, a moviné picture

10 material for a scene, a VOB, three channels of audio materials,

and two channels of sub-title materials. The downward arrows

indicate how moving picturé materials are recorded in the data
fields of the packs.

As shown in the drawing, a moving picture of about 0.5

15 seconds from the start is coded into I-pictures (Intra-

Pictures), P-pictures (Predictive-Pictures), and B-pictures

(Bidirectionally predictive Pictures). Then, the pictﬁres are

recorded in the data fields of video packs #1 and #2 in VOBU#1.

Note that though there are hundreds of video packs in feality,

20 it is assumed that there are two packs, as described above.

Similarly, a moving picture of about 0.5 seconds to 1.0 seconds

from the start is coded into I-pictures, P-pictures, and B-

pictures. Then, the pictures are recorded in the data fields

of video packs #3 and #4 in VOBU#2. Though it is not shown in

25 the drawing, a moving picture of about 1.0 seconds to 1.5

seconds from the start is coded and recorded in the data fields

18



reliability of the data reading. (1.1) Logical Construction
of the Optical Disc A spiral track formed with the series of

pits includes a lead-in area, a volunme area, and a | ead-out area.
Fig. 3A 5 shows a spiral track re-formed into a rectangle. As shown
in this drawing, the lead-in area, volune area, and | ead-out area
are included in a track in series, and these areas are recogni zed by
identification information included in the sector address. The

| ead-in area i sof ogfded Plckdein NAes st PesE thent. 10 of the track; the

| ead- out area the outernost position. The | ead-in area stores
operation stabilizati orhdatelaticd Bestwisad the dubiviiren irhetHide pilegremels and
starts reading data fromthe optical disc. The | ead-out area inforns
t he reproducti othajstratfieldls ofictkmcudio packis eeprdescribad antithiostfensgnce
store neani ngful data. 15 The vol une area stores digital data

whi ch makes up tm Fig.5. appbei chowm, iandhearduawinde phesidubbingt én, three
| ogi cal bl ock, to which the volume area bel ongs. The | ogi cal bl ocks
are identified dhennels ke iencaodatharisth vilie twg @qiiiods and recorded in the

data fields of the audio packs in units of about 0.5 seconds.
The dubbing of A channel is recorded in the data fields of
audio packs A-1, A-2, A-3, ... Note that since audio data and
moving picture data are synchronized with PTS, audio data and
io moving picture data in the same VOB unit may not necessarily
be used at the same time. Actually, it may happen that the
previous VOB unit stores é piece of audio data corresponding
to a piece of moving picture data of the current VOB unit.
Similarly, the dubbing of B channel is recorded in the
15 data fields of audioc packs B-1, B-2, B-3, ... in units of about
0.5 seconds; the dubbing of C channel in the data fields of
audio packs C-1, C~2, C-3, ... .
Hereinafter, pieces of data recorded in the data fields
of audio packs A-C aré respectively called audio data A, audio
20 data B, and audio data C. For example, English.dubbing is set
as audio data A, French dubbing is set as audio data B, and
Japanese dubbing is set as audio data C, allowing the user to
select a desired dubbing.
In Fig.5, a VOB unit includes two sub-picture packs A
25 and B. Therefore, the sub-titles in two channels are recorded

in the data fields of these sub-picture packs. For example,
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consecutive physical sectors wth the first physical sector in 20 t he
data recording area as nunber 0. "b301" shown in Fig.3A shows a
group of | ogical blocks in the volune area. The | ogi cal bl ocks

have their |ogical block nunbers such as #m #mrl, #mt2, #m+3, as
shown in b301. As shown in Fig.3A the volune area al so

I ncl udes a 25 vol ume managenent area and a file area. The
vol une managenent area stores the file system

14 EnglisiuBape it esnfayabi hotugeat anm siuptmi ¢ God38346tawWn chand
I's used to manage a plurality of logical blocks as files. The file
syst em nanagenegntenci aunitiorlishare tineludedt ionsbbtpietuze data Bplalbdwing
of file nanes and addresses of groups of |ogical 5 bl ocks. The di sc
reproducti on appee aissr sphlevesanheofli tlie languagefess in units of files by

using the file system nmanagenent . information. Mre specifically, if
a file name is given, The managementdnfgnmedian sackppsar dngiudefein each| VOB

t he syst em rmanagenent information to calculate all the groups_of
| ogi cal bl%cks yekt at its start, and ifs management information is effective

while the VOB unit is reproduced. The management information

pack stores a transfer rate which is required during a VOB

unit reproduction, a transfer rate required for eééh of the

moving picture stream, audio stream, sub-picture stream, and
10 a buffer size.

The relation between the sub-picture packs and the
management information’upacks play importanﬁ roles at
interactive operations in an interactive software title when
the sub-picture packs includes menus each of which includes

15 several items. A management information pack in the same VOB
unit as sub-picture pagks of a certain menu includes highlight
information which is used to perform a reproduction control
according to a cursor operation and a determination operation
made by the user against the certain menu. A representative

20 "reproduction control according to a determination operation"
in the present embodiment is a branch from a current
reproduction route to another reproduction route. This "switch
of reproduction route" is achieved by setting highlight
commands, which respectively correspond to the items of the

25 certain menu, in the highlight information and executing a

highlight command when the management information pack is read

20



10 the file, and accesses the groups of |ogical blocks to fetch a

desired piece of digital data. Fig. 3B shows the file area. As
shown in the draw ng, the file area stores a Video Manager and a
pluratity of Video Title Sets. Each of these elenents includes a
plurality of 15 consecutive files whose recording positions are
calculated from = the file system managenent infornmation. The reason
why t*he files are consecutive is that since the data size of the

nmovi ng Mt the diste reproduatgen Raipdrfative dawaths suehl wdacking,a the
file, the file size exceeds 1@. 20 The Video Title Set stores a
set of one or nMeprdifirtion romppl iicat swhtchedl dod tandter Ameeximphaidlk of
such a set is a novi e application in which two versions of the sane
novi e are pisces wit EGCHanformatidreatwhickerss ciesedibked otdbenal

cutting version. This is because since both versions share many

parts 25 of the sankel i € hritidem Tetls Get Mandgeneni cinfemyation

managed tggether as a set. 15
The Video Title; Set management information stores

information used for managing the plurality of reprbduction
orders of the above-described video objgcts (VOBs). 1In DVD,
the information specifying a reproduction order of a Qroup of
video objects (VOBs) is called a program chain {(PGC). For

10 example, the Video Title Set storing "aerobics" of the present
embodiment has the Video Title Set management information which
stores a plurality of'biogram chains specifying the scene
developments for "make your waist slim," "make your arms slim,"
and "total fitness."

i5 Fig.6 shows the construction of the Video Title Set
management information. As indicated by reference a5 in the
drawing, a piece of Video Title Set management information
includes a Video Title Set management table, a Video Title Set
unit title search pointer table, and PGC management information

20 table.

The Video Title Set management table is the header
information of the Video Title Set management information and
stores pointers for the storage positions of the Video Title
Set unit title search pointer table and the PGC management

25 information table.

The Video Title Set unit title search pointer table is
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lkn Fig.3B, Video Title Set V1 is an interactive software . title

called "aerobics.” This interactive software title is achi eved by

the data structure characteristic to the optical di sc of the present
enbodi.ment . 5 Interactive software title "aerobics” includes

t hree course titles, nanely, "make your waist slim" "make your arns
slim" and "total fitness." The Vi deo Manager stores

i nformati on on nenus. The information is used when the user

sel ects a titl ethaoigdeak| of hehe Ilurality esf girogeam chialiaspistoxied inothe PGC

Video Title Sets to reproduce it. (1.1.1) Logical
Construction ..maNagemefitt infSgmation table andrigpecidii®s a neotwberrferi she
of the Video Title Set. The Video Title Set includes a_. ]
plurality of vigborags posidjtdens ofVEBsyregrrnt hehaigesoTb® exgqutrthafitreht in
i nformati on that nmanages the reproduction order of the video objects
(VOBs) . each title:i 1Foy Wheeprmaent smbodimepntyedthejbideq \EBfFle Set
The video object (VOB) is nmultinedia data including 20. digital nmoving
pi ctures, Sdi gi%lrts%h%%,sea}%eoef&ft&,ﬁl tahde rela e%ﬂ%ﬁj%éf'r‘?g‘rdyﬁésitoﬂlmr
managi ng these kinds of data. For ex €y o I_n.interactivg softwar,
title "aerobicskma%%cﬁoBF @E§$1Flﬁﬁéﬁfgnd totyfpiitness S(ﬁmf%?F?ﬁtE%? to

| ol udes. & sceng 0l 800k A5 2eFEDY! BFaces of BEEMIAToHAGELBRLMUCT Or “MOVing

The PGC management information table stores, as

indicated by reference a6, a plurality of pieces of PGC
10 information #1, #2, #3, #4, ... #n. Each piece of the PGC
information specifies a reproduction order of one or more VOBs.
which VOB to be Yead.is specified by the VOB address
information table indicated by reference a7 in the drawing, and
the reproduction order for reading the VOB is specified by the

15 PG reproduction mode indicated by reference a9.

The VOB address information table stores a plurality of
pieces of VOB address information to be reproduced. Each VOB
address information, as shown in Fig.7A, specifies a VOB
reproduction time, an offset for a VOB position in the Video

20 Title Set, and the number of logical blocks in the VOB. By
using this dinformation, the disc reproduction apparatus
calculates the logical block numbers of all logical blocks
which store a VOB when it reads the VOB.

The PG reproduction mode specifies the mode with which

25 the VOBs written in the VOB address information table are

reproduced. The VOBs can be reproduced with standard
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25 junping, raising right leg high, raising left |eg high,
tw sting her waist around right and left, and bendi ng.

16 A video object (VOB) includes a plurality of

VOB units aligned in tinme series. A VOB unit (VOBU) is a piece of
reproduction data with a tinme period ranging fromabout 0.5 to 1.0
seconds. A VOB unit includes, as shown in Fig.4, a 5 managenent

i nformati on pack and a plurality of packs, nanely, vi deo packs,

audi o packs, anfleptibdpctiome paddks. rdmiddmdateproductiqrackmdds, 2K of shlaffile
By re-constructing these packs, digital dat a sequences of each video
data, audi o datzepsoduptitnrecdée. Whdideainamsdandaodolregatcdugrtziaremede edthe
These digital data 10 sequences re-constructed in types are called
el ementary VOBst remhtten OB ithell SR aladdressr dnfanmattiem ckakle are
system stream each of which "includes a plurality of elenentary

st reans. reproduced ipgardernafsthgl plagraepichs dhe Fdfyedin random

regul arl
g y 5 or shuffle reproduction mode, the VOBs are reproduced at

random.

While in random reproduction mode, each VOB may be
reproduced twice or more, in shuffle reproduction mode, each
VOB is reproduced only once. In other wofds, the random

10 reprdduction mode allows repetitions for the-VOBs.

For example, suppose the VOB address information table
includes VOB address inférﬁation.of‘VOB#l, VOB#2, VOB#3, VOB#4,
and VOB#5. Also suppose it is specified that these VOBs are
reproduced three times with shuffle reproduction mode, with

15 different shuffle reproduction at each reproduction. In this
case, the VOBs may be reproduced in the following orders:

VOB#S-VOB#l-VOB#é (at first reproduction),

VOB#2-VOB#3-VOB#5 (at second reproduction), ....

Now, suppose it is specified that VOBs are reproduced

20 three times with random reproduction mode, ﬁith different
random reproduction at each reproduction. In this case, the
VOBs may be reproduced in the following orders:

VOB#S-VOB#5-VOB#3 (at first reproduction),

VOB#2-VOBE#3-VOB#3 (at second reproduction), ...-.

25 Fig.7B shows the construction of the PG reproduction

mode. The PG reproduction has eight bits. The most
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15 for the sake of explanatory convenience. However, since the
reproducti on apparatus fetches these packs after storing them I n
buffers, they can be arranged irregularly, except the managemnent

i nformati on pack which should be placed at the first position. Al so
the total nunber of packs in a VOB unit and the 20 nunber of packs for
each type may not be the sanme since noving pi cture data, audio data,

and sub-picture data include vari abl e-1 ength conpressed dat a.
Actual |y, each y¥OBnéficah&sbit is cahbedubberfiofspatikeldi andrhe resm efickhe

ot her. Al so, though the VOB unit of the present enbodi ment has two
vi deo packs, a bPEs (sever hiddh@gs catked nthed&ecRiAdfd@l bt TR oPEIEKEM

si nce the rate of about 4.5Nbits/s is assigned o the novinhg E%cﬁfge
17 chain &g FeRFOIUHS MErth ARGRM (RPRTPEUFHECPeICGRUCHS o™ ©F

WP ger o e IR D LI IR gl (V)
oL e T SRt Bl HERE A, OB P Broofan i 16
reproduced with shuffle reproduction mode if ny or higher
value is specified in the second field and "1" is specified in
the first field. The second field specifies the number of
random or shuffle reproductions. The specified number can be
10 any of 1-127.
If "O" is specified in the second field, the program
chain is reproduced with standard reproduction mode.
Fig.8 is a table showing contents of moving picture data
in VOBs. As shown in the drawing, VOB#1 includes a scene of
15 the instructor moving around with rhythmical steps, VOB#2 a
scene of raising her right leg and left leg high, VOB#3
twisting her waist with her arms stretcheé horizontally, VOB#4
jumping, etc. Each VOB includes a scene of about 2-3 minutes.
Fig.9 shows relation between each course .and the
20 contents of the PGC information.
As shown in this drawing, the first program chain of
"make your arms slim" is PGC information #1. The VOB address
information table of PGC information #1 includes 15 pieces of
the VOB address information for 15 VOBs such as VOB#3, VOB#5,
25 and VOB#8 concerning exercises of arms among 30 VOBs in total.

Also, the shuffle reproduction mode is specified as the PG
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data. GOP is stipulated under MPE&R (Mving Pictures Experts G oup,

| SO11172, 1S013818). Fig.5 shows the rel ati on between these
packs in VOB and a scene. The drawi ng shows, fromthe top, a noving
picture 10 material for a scene, a VOB, three channels of audio

materi al s, and two channels of sub-title materials. The downward
arrows i ndi cate how noving picture naterials are recorded in’the
data - fields of the packs. As shown in the drawi ng, a
nmovi ng pi ct ur e XAPZHBIGLRE mofe, wigdcshesnumbart pé shukfle sreppriuchiens as
| -pictures (Intra- Pictures), P-pictures (Predictive-Pictures and
B- pi ct ures "10('Bi dFPBEFRLAE) | FhEr dmReL ) GPPRPERILINEN Ot Fe i iRFRE

are recorded in the data fields of  vi deo_Eagks #1 _and #%in VOBU# L,
Note that thouglPIaRi® SFEFERAIEERT Of OPIRSTRaiRedPROERY) Yy the)PRPTEYSIQn

assuned that there are two packs, ,as described abovg. Simlarly, a
novi ng picture o5 nas t . onds om-{fre [

'ng. pi B “ublh' 83588880142 o E (Y Rakimas Theretore e, Huinier” af
coded intq |l -pictures, P-pic €S, A a - . o P Et . . Then, .the
pictures ate ré“‘&aé’rsde%ér?%#heeé tﬁﬁ a9 %ﬁ’ﬁ!gfles withy i@i géggpgfl?s paified; £1om
VOBU#2. Though .t _ i t | s 2D, the drawi ng, a noving picture of
about 1.0 secor#d%e t%oj%?qyﬁly%das%éc%ln’ds fromthe start is coded and
recorded in the data fisgl ds 151/101%51 = 3003. 18

As a result, 3003 different reproduction orders are generated
for this reproduction.

10 . Also, the first program chain of "make your waist slim"
is PGC information #2. 'The VOB address information table of
PGC information #2 includes 12 pieces of the VOB address
information for 12 VOBs such as VOB#6, VOB#7, and VOB#9
concerning exercises of waist among 30 VOBs in total. Also,

15 the shuffle repx;oduction mode is specified as the PG
reproduction mode, with the number of shuffle reproductions as
"10." Therefore, the number of ways generated by 10 éhuffles
with 12 VOBs are obtained from the following equation:

12¢., = 12!1/10!%2! = 66.

20 As a result, 66 different reproduction orders are generated
for this reproduction.

The first program chain of "“total fitness" is PGC
information #3. The VOB address information table of PGC
information #3 includes 5 pieces of the VOB address information

25 for 5 VOBs such as VOB#1l, VOB#4, and VOB#6. The random

reproduction mode is specified as the PG reproduction mode,
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of video packs in the next VOB unit. The rel ati on between the
dubbing in three channels and the data fields of the audi o packs are
described with reference to Fig.5. As shown in the drawi ng, the
dubbing in three 5 channel s are encoded with the two net hods and
recorded in the data fields of the audio packs in units of about 0.5
seconds. The dubbi ng of A channel is recorded in the data fields of
audi o packs A-1, A-2, A3, ... Note that since audio data and

MoVi ng pi ct ur e wWath tHe raibel’ 68| Zedddn tregiciudtithies dal #3ard GdReralby| Nthe
picture data in the same VOB unit may not necessarily be used at the
same time. Act uakmlyer idf repebapdecombahatbens of r dpféerens dbfeabstsslaresd
a piece of audio data correspondi ng to a piece of noving picture
data of the curfsm V@bjmtts is denoted by tSieridxpdessidre "Hubthich ofs B2qual
channel is recorded in the 15 data fields of audio packs B-1, B-2, B-3,
... in units oftabdUf'C, equival®rdecbadsintirel Hufm! tr-bi! C chBhesefone; hethe
data fields of audi o packs G 1, G2, C3,

Herei naft &, pinustenfofiatays @@@lea‘@d:ednbyhé dandomi xeproductionsfwithiiH VOBs
packs A-C are respectively called audio data A, audio 20 data B; and

audi o data C. Fre okbpired Hrpm sthelufml kping squation:
Hy, = (5+3-1)1/31%41 = 126.

As a result, 126 different reproduction orders are generated
for this reproduction.

10 "Total fitness" has less number of VOBs and reproduction

cycles. Also, in this course, the same VOBs may be reproduced

again and again. Therefore, even a very fat man/woman or a

person with less quickness can keep up with the course. On the

contrary, "make your arms slim" has a lot of VOBs and

15 reproduction cycles. Also, the reproduction contents change

rapidly. Therefore, the course requires more quickhess and

physical strength. The difference between the beginner course

and advanced course is also obvious in the figure. The number

of ways for the advanced course ("make your arms slim"), "3003"

20 is about more than 20 times that for the beginner course

("total fitness"), "126." Such a course would satisfy even an
"advanced" person in aerobics.

As apparent from the above description, the title

creator can provide several courses of aercbics graded such as

25 "beginner," "intermediate," and "advanced" with an optical

disc.
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as audi o data A, French dubbing is set as audio data B, and Japanese
dubbing is set as audio data C, allow ng the user to sel ect a

desi red dubbi ng. In Fig.5, a VOB unit includes two
sub-picture packs A 25 and B. Therefore, the sub-titles in two,
channel s are recorded in the data fields of these sub-picture packs.

For exanpl e, 19
English sub-titles are included in sub-picture data A and French

sub-titles are includerheé nfsttx: Prdgifen deHa B ofl1deit” is PGQ himfithmmation
sel ect any of the |anguages. The managenent information pack

is included in {ch 3B VOB addnessainfbsmatioh, tabdei b€ PE&taderfimrmation #4
information is effective while the VOB unit is reproduced. The
managenent i nf dmetudes 15 piecesckbfstbeecY¥OR dddnsserimfvenabicoh for rkyWoEsl
during a VOB unit reproduction, a transfer rate required for each of
t he moviThe i tVigBs sreedmpmatieof$retaViPB sty -1 th VQB amargn thendotil
a buffer size. The rel ati on between the sub-picture packs and
t he 5 of 30 VOBs of PGC infeormation #4. The number of cycles
specifies "0." As a result, in "digest," the 15 VOBs from the
first VOB to 15th VOB are reproduced sequentially in the order.
This course is good for a person who just wants to look at the
screen without doing actual exercises.
10 (1.1.2) Logical Construction ... Video Manager
The Video Manager includes video objects (VOBs) and PGC
management information table, and the construction is almost
the same as that of the Video Title Set. The VOB of the Video
Manager differs from thét of the Video Title Set in that the
15 Video Manager is specialized in the volume menu. The volume
menu provides a list of all the titles included in the optical
disc so that the user can select one from the list.
The volume menu is displayed on the screen after an optical
disc is loaded in the disc reproduction apparatus and the
20 optical pickup moves from the volume management area to the
volume area.
There are following dJdifferences between the Video
Manager and the Video Title Set. First, while the VOB of the
Video Title Set includes video packs, audio packs, sub-picture

25 packs, and a management information pack as shown in Fig.6, the

VOB of the Video Manager includes the same kinds of packs for
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managenent information packs play inportant roles at I nteractive

operations in an interactive software title when the sub-picture
packs includes nmenus each of which includes 15 several itenms. A
managenent information pack in the sane VOB unit as sub-picture
packs of a certain nmenu includes highlight I nformati on which is used
to performa reproduction control according to a cursor operation
and a determ nation operation made by the user against the certain

nmenu. A represeftBenye SLQFond]rYepﬁ@@u@gﬁHﬁHcg‘H@‘F‘%’f‘dﬁc‘%ﬁr‘m%d idg¢o Manager can
det er mi nati on operati_on" prese

n t odi e a, branc
a current SPREPERIADEI 6F Fo@%@qéiﬁﬁﬁn ?iﬁﬁéi qoh?e s P§aglty

"switch duc hi hi ghl i gh
commands, whi choF clRRER] JEYS 5??%2%8n'aSP%%Pﬁgv%?@%éthetE'hgg s crtain
renu, i the hi gl oht cig! 96TBLg0 B SHEEULISGLG of end N GOBE e

when t he nmanagenent in

20 % shown QM %ﬂ& 8L3Gih prQHECQi@Qoqg&ﬁé?éfslncY%&stﬂﬁQ menu PGC
setting, the uctton route Ts sw tched another one In units
of management information table, the title search pointer table,

and the menu video object.

The menu video object is a VOB specialized in the volume -

menu. That is, the menu video object includes a sub-picture

10 pack for the volume menu and a management information pack

which controlé the reproduction according to the selection and

determination operations by .the user. Fig.21 is the volume

menu displayed on the screen. The menu video object includes

a plurality of items, y611, y612, y613, and y6l6. The items

15 represent titles such as "make your arms slim" and "make yéur

waist slim" of "aerobics."” A title is specified when the user
selects and determines an item in the menu.

The menu PGC management information table is PGC

information specialized in the wvolume menu. The menu PGC

20 management information table stores a recording‘section of the

menu VOB which is read by the disc reproduction apparatus when

the optical disc is inserted. The menu PGC information is read

by the disc reproduction apparatus after an optical disc is

loaded in the disc reproduction apparatus and the optical

25 pickup moves from the volume management area to the volume

area. Then, the volume menu is displayed on the screen.
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pi eces of PCGC information, which is described |ater.

(1.1.1.2) Video Title Set Managenent I|nformation 5 The Vi deo
Title, Set managenent information stores i nformation used for
managt ng the plurality of reproduction orders of the above-described
vi deo objects (VOBs). In DVD, the information specifying a
reproduction order of a group of vi deo objects (VOBs) is called a
progriam chai n (PGO). For 10 exanple, the Video Title Set storing
"aerobi cs" of the pres®he title sedodhnpointes ttablddés Fn| dn8exk used to

managenent i nformation which stores a plurality of program chains
speci fying the $dentify the WédepoPhthesSebrandpkke yolitleanumberi af"a" fhkee.
your arms slim" and "total fitness." 15 _Fig.6 shows the
construction of the VifdelTiPutlipe of the RiaggRARRPduAtdPRaAPERTAYS

i ndi cated by reference_a5 in the drawi ng, a piece of Video Title Set
management i nf or mat i onPVP Playewrg|f{pfe Fepradysdny PPEisal Aafs§cRERtdespribed

a Video Title Set unit title search pointer table, and PGC
management i nf ofheRi BRTETRNCEe { BP| Ehe drawings. Flg?kﬁ\ﬁ@&%ﬁT#??eaﬁﬁﬁarances
Tanagement | nf b ReVBrLAEeE 1. TV peptEoR R end FepoPRoferERalieRoatti ons
(r)rfa n;he Video Title  pyp ﬁény%:”]}[ il P AnC BoReLAY 01 £8PLE; 889 LNGh FSE an
genent 25 i nf or mat7 o abl é.
optical disc can be set through the slot on the front side.
Remote control receiwving unit 92, also set on the front
10 side of the DVD player, includes a light receiving device which
receives infrared rays sent from the remote controller.
Reséénding to an infraréd.ray from the remote controller by a
usex operation, remote control receiving unit 92 outputs an
interrupt signal indicating that a key signal has been
15 received.
On the rear side of the DVD player, vidéb output
terminal and audio output terminal are set. Through AV cords
connected to the terminals, image signals reproduced by the DVD
player can be output to TV monitor 2. The use; can enjoy the
20 images reproduced by the DVD player on a large?size TV such as
33-inch or 35-inch TV. As understood from the above
description, DVD player 1 in the present embodiment is intended
to be used as a household appliance connected to TV monitor 2,
not connected to a personal computer and the like.
25 Remote controller 91 outputs infrared rays as codes

when key pads with springs under them set on the controller
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-The Video Title Set unit title search pointer table is

21 the index of the plurality of programchains stored in
t he PCGC managenent information table and specifies a pointer for the
storage position of a programchain to be executed first in each
title. For the present enbodinent, the Video Title Set 5 unit title
search pointer table relates "make your waist slim" "make your arns
slint" and "total fitness" of "aerobics" to correspondi ng first

pi eces of PCC iatfeomprsissed by the user. The PGC managenent information
tabl e stores, as I ndi cated by reference a6, a plurality of pieces of
PGC 10 information (B2 ¥ Xonstrygtion Ejementypf pitb€e Ris¢nRepgeduction
i nformati on specifies a reproduction order of one or nore VOBs.

VWi ch VOB to b&pp@d@tus$ specified by the VOB address i nformation
table indicated by reference a7 in the drawin

order for reading the R Ils it ik i -3%% 1§ﬁgwiﬂa?r58?gg’§8%%%r %%g‘ccﬁ%‘l ok
!5[] glr ggt Sd@bﬁr ;ght%;%&%ep?.gyer used in the, beeese\élCLB ee}nqgjortf:’.sréeril@ f Ol iDQ}b tp%.%k{%r
includes optical disc drive 16, optical disc drive controlling
unit 83, signal processing unit 84, AV decoding unit 85, remote
control receiving unit 92, and system controlling unit 93. AV
decoding unit 85 comprises signal separating unit 86, video
10 decoder 87, sub-picture decoder 88, audio decoder 89, and
picture mixing unit 90.°

Optical disc drive 16 comprises a board on which an
optical disc is placed and spindle motor 81 for rotating the
set optical disc. The board moves in and out of the cubic
15 spéce by means of an eject mechanism which is not shown in the
drawing. The user places an optical disc on the board ejected
outside the DVD player. Then, the board moves into the DVD

player, loading the optical disc.
Optical disc drive controlling unit 83 cqntrols optical
20 pickup and optical disc drive 16 including spindle motor 81.

Specifically, optical disc drive controlling unit 83 adjusts
the motor speed according to a track position specified by
system controlling unit 93, moves optical pickup by controlling
the actuator of the pickup, then after a correct track is
25 detected by servo control, waits for a desired physical sector

and reads signals continuously starting from desired position.
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pi eces of VOB address information to be reproduced. Each VOB addr ess
I nformati on, as shown in Fig.7A, specifies a VOB reproduction tine,
an offset for a VOB position in the Video 20 Title Set, and the nunber

of logical blocks in the VOB. By using this information, the disc
reproducti on appar at us cal cul ates the | ogical block nunbers of al

| ogi cal bl ocks whi ch store a VOB when it reads the VOB.

The PG reproduction node specifies the node with which 25 t he VOBs
witten in the VOB addstgsal npebreksaagt ahlit aB4 converteprthecedgnalEheread
VOBs can be reproduced wth standard

22 through epptdceli @ickoge, imemddigisplodiatd ohympdwcesising the
shuffle reproducti on node. While in standard reproduction node, the
VOBs witten s¥gnale with sagdiddcatiioner mavefern aphapinge conversion to

reproduced in order of the alignnent in the table, in random 5 or
shuf fl e repr oddEknaTY nARNOIHATARY, AT Qe FURRBEL A, etc., fhegpigfrores the

Wil e in random reproducti on node, each VOB nag be
processed data in buffer,mgmory 4 (described later) in system

controlling unit 93 in units of logical blocks.
AV decoding unit 85 converts VOBs of digital data into

- the video signals and audio signals.

Signal separating unit 86 receives the digital data

10 transferred from the buffer memory in units of logical blocks

(packets), and classifies the data into the management

information data, moving picture data, sub-picture data, and

audio data by identifying the stream ID and sub-stream ID of

each packet. Signal separating unit 86 outputs the moving

15 picture data to wvideo decoder 87. Signal separating unit 86

outputs the management information pack to system controlling

unit 93. System controlling unit 93 sends a channel number for

each of the audio material and the sub-title material to éignal

separating unit 86. Signal separating unit 86 outputs the

20 audio data of the specified channel to audio decoder 89; sub-

picture data of the specified channel to sub-picture decoder

88. The audio and sub-picture materials of other channels are
discarded.

Video decoder 87 decodes and extends the moving pictufe

25 data sent from signal separating unit 86 and outputs the data

to picture mixing unit 90 as digital video signals.
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reproduced twice or nore, in shuffle reproduction node, each VOB is
repr oduced only once. In other words, the random 10 r epr oducti on node

allows repetitions for the VOBs. For exanpl e, suppose the VOB
address information table i ncl udes VOB address information of VOB#1,
VOB#2, VOB#3, VOB#4, and VOB#5. Also suppose it is specified that

t hese VOBs are reproduced three tinmes with shuffle reproduction
node,- with 15 different shuffle reproduction at each reproduction. In
this case, the SM@Bspiabube depodeéwce?B i dechdeboldrgiv eytender $the sub-

VOB#5- VOB#1- VOB#3 (at first reproduction), ) VOB#2- VOB#3- VOBHS
(at second reprodeeer®njata sent from signalNsepazapadde undt S6pekithedsub-

that VOBs are reproduced 20  three times with randomreproduction node,
with different Picture a®en rEpHr RIS orfiaka e RIMRERFIRAICIT B | 7R hj kength
case, the VOBs may be reproduced in the foll ow ng orders; ..
VOB#5- VOBH#5- VORURERS$198+ ahPydnetsokle sub-picture 9. RARHIT ¢ @ing
(at second reproduction). shows the construction of

... 25 Fig.. 7B
the PG rept odudtitioh 90 in theyesame Hfprmasy ?%p‘Po%%t%‘?Pa s eight bits.

The nost Audio decoder 89 decode§%and extends the audio data sent
from signal separating unit 86, and outputs digital audio
signals.

Picture mixing unit 90 outputs NTSC (National Television
10 System Committee) Video Signals after mixing the outputs from
video decoder 87 and sub-picture decoder 88 according to the
ratio specified by systém controlling unit 93.
(2.2.1) Constructioﬁ Element of the Disc Reprbduction
Apparatus ... Construction of System Controlling Unit 93
15 System controlling unit 93 controls entire DVD player
1, and is constructed as shown in Fig.l2. System controlling
unit 93 includes buffer memory 94, management information pack
buffer 95, embedded processor 96, work buffer 97, and PGC
information buffer 31.

20 Buffer memory 94 stores data which has been processed
with amplification, waveform shaping, conversion to binary,
demodulation, error correction, etc. From buffer memory 94,
system controlling unit 93 transfers the Video Title Set
management information to another buffer which is not shown in

25 the drawing; VOBs to signal separating unit 86 in units of

packs. Signal separating unit 86 sends back the management
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significant bit is called the first field and the rest of the bits

(seven bits) are called the second field. The program chain is
reproduced with random reproduction node if "1" or hi gher val ue is
specifsied in the second field and "0" is 5 specified in the first

field. Al so, the programchain is reproduced with shuffle
reproduction node if "1" or higher value is specified in the second
field-and "1" is specified in the first field. The second field

speci fi es the nuithBrrmgftion pack dmleysres mdritmsinoductit ch3. The

speci fied nunber can be 10 any of 1-127. If "0" is
specified in the seconddnagamente wﬁ@ﬂmlon pagkhaibnfifer eiFodRErss t Ithe
standard reproduction node. ig.8 is a table show_ng

contents of novinapggenante inpfermation P&PKKEﬁntA§a§Hoﬁﬁ°WnSﬂﬂ@a%wﬁﬂnﬂfatlng

VOB#1 includes a scene of 15 the instructor noving around with
rhyt hm cal stepé?uVCé#Q scene of raising her right leg and | eft

| eg hi gh, VOB#3 her wai st h, her arnms stretched
hori zontal 1%, VOB#4 mbeﬁﬁi% W@Oc%?%qr-Egl l\yé‘q%ﬁ uRe&O s"@é’rf'ehoﬁtaﬁﬁﬁt a

2-3 m nutes. Fi relat| n between each course a he
20 contents OF%%H% M% q" a WRSS‘SW Ty t?ﬁf n&,é.

drawi ng, the first progﬁnﬁtﬂﬁnﬁlon buffer 31 stores the PGC information

currently selected.
Work buffer 97 stores "random number table" and
10 "specified no. of cycles" which are used in executions of the
processes shown in the flowchart of Fig.1l2 by system
controlling unit 96. ?

(2.3) Operation of System Controlling Unit 93

Now, the operation of DVD player 1 is descr;ped with

15 reference to Fig.13. Fig.1l3 is a flowchart showing thé process
steps of system controlling unit 93. -

For inserting ah optical disc, the user presses the
eject button on the front side of DVD player 1 and places the
optical disc on the ejected board. Then, the board, with the

20 optical disc on itself, moves into the DVD ﬁlayer and the
optical disc loads into-the DVD player.

At step 121, system controlling unit 93 is in a wait
state judging whether an optical disc has been inserted. On
receiving notification from an optical sensor that an optical

25 disc has been inserted, system controlling unit 93 controls

optical disc drive controlling unit 83 and signal processing
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“make your arnms slint is PGC information #1. The VOB address

i nformation table of PGC information #1 includes 15 pieces of t he
VOB address information for 15 VOBs such as VOB#3, VOB#5, 25 and VOB#8
concerni ng exercises of arnms anong 30 VOBs in total. Al so, the
shuffle reproduction node is specified as the PG

24 reproduction node, with the nunber of shuffle
reproducti ons as "10." Generally, the nunber of conbinations of r

di fferent unDbj 84t sosehaet eHef roratioh) edt thes danotied dyntimlled while
expression [err] which is equal to n!/r!(n-r)!. Therefore, the

nunber of 5 opkisalempeiciupd by Ilstad f Hes vhe h 188dv@Bs areaobt allhed disc

from the foll ow ng equati on: [err]Cferr] = 15!/10!*5!
= 3003. rotatiesuls, s8a0Blirefewbhiler optdgadt Pdekupddiss praced in the

generat ed for this reproduction. 10 . Al'so, the first )
program chai n oteadmie Fees- wahftexs| the rotations ipGstepiddmed orthe ompikcal

VOB address information tabl e of PCC information #2 includes 12

pi eces of ¥ he Bk soved from thelead-in area toward the circumference
and the volume management area is read. Then, according to the
information read from the wvolume management area, a Video

Manager is read (step 122).

System controlling unit 93 calculates the address of the

10 program chain of the wvolume menu by referring to the menu
program chain management information in the Video Manager, then
reproduces the program chain. and stores it in PGC information
buffer 31. Then, system controlling unit 93 refers to the PGC
information stored in the buffer and recognizes the VOB to be

15 reproduced and calculates its address. System controlling unit
93 outputs control signals to optical disc drive controlling
unit 83 and signal processing unit 84. Then the VOB :.s fetched
from the optical disc and reproduced, displaying the volume
menu as shown in Fig.21 on TV monitor 2 (step ;23).

20 It is supposed here that the user selects "make your
arms slim" in the menu and performs the determination operation
for the item, system controlling unit 93 executes a BRANCH
command specifying the title number which is set as a highlight
command corresponding to the title (step 125).

25 By executing the BRANCH command, system controlling

unit 93 refers to the title search pointer table of the Video
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Jdnformation for 12 VOBs such as VOB#6, VOB#7, and VOB#9 concer ni ng
exerci ses of waist anong 30 VOBs in total. Also, 15 the shuffle
reproduction node is specified as the PG reproducti on node,

wi th-the nunber of shuffle reproductions as "10." Therefore, the
nunber of ways generated by 10 shuffles with 12 VOBs are obtained
fromthe foll ow ng equati on: [err]CJerr] = 12!/10!'*2! = 66.

20 -As a result, 66 different reproduction orders are generated for
this reproduct MaRager to determiddethel Mid¥cOOrftl«ehses qvTS)otandf thaeyas

s PGC I nformati on #3. The VOB address information table of PGC
i nf or mati on #3tiLkgkUdefbarpi aiem,obysitemVEBnaddl esagi whbt 8 icortputs conftaol
5 VOBs such as VOB#1, VOB#4, and VOB#6. The random . reproduction
node i s specif seégnaist te PEtiemlodictd dgrimmlezontrolling unit 83 and signal
25 with the nunber of random reproductions as "3. "
General |y, theprocessingnbedtoB4; eperreducesbtheat VédsooTitlei Frér mapagement
obj ects sel ected fromn objects is denoted by the expression
[err] H erB] whioformagdgal of the determined video title, and fetches the
video Title Set unit title search pointer +table of this
information (step 126).
System controlling unit 93 determines the PGC
information of the first program chain in the title by
10 referring to the fetched Video Title Set unit title search
pointer table. Then, " system controlling unit 93 outputs
control signals to optidal disc drive controlling unit 83 and
signal processing unit 84, reproduces the determined PGC
information, and stores the information in PGC information
15 buffer 31. The PGC information of the wvolume menu is
overwritten by the PGC information. System controlling unit
93 determines the video object to be reproduced and its address
by referring to the stored PGC information, outputs control
signals to optical disc drive controlling unit 83 and signal
20 - processing unit 84, and reproduces the determined video object.
After this, system controlling unit 93 determines and
reproduces video objects in order according to the stored PGC
information. System controlling unit 93 determines the next
PGC information by referring to the PGC connection information

25 of the current PGC information when it completes reproducing

the last video object specified in the current PGC information.
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to [err]C[err] equivalent to (n+r-21)!/r!(n-1)!. Therefore, the 5
nunber of ways generated by 3 random reproductions with 5 VOBs are

obtained fromthe follow ng equation: [err]H err] =
(5+3-1)!/31*41 = 126. As a result, 126 different reproduction orders

are generated for this reproduction. 10 "Total fitness”
has | ess nunber of VOBs and reproduction cycles. Also, in this
course, the sane VOBs may be reproduced agai n and agai n. Therefore,

even a very f airns)/ V\Qf@ﬁex@r c@ntroum@er@&ﬂtw@tsh d B5Sa Hi CUHRS SceRRekEePGC
up with the course. On the contrary, "make your arnms slim has a

ot of VOBs andnfbrmatifoepafdustdeds coid eext PEEOinfbema epoAdtS idaiitinue the
contents change rapidly. Therefore, the course requires nore

qui ckness and reprodugtdeinclstelpr a2gthh. The difference between the begi nner
course and advanced course is also obvious in the figure. The nunber

of ways for the advandedecthaseDVDnpkeyyoul lasm Haynifpr 's2ledting0an audio
about nmore than 20 tines that for the begi nner course ("total
fitness")d "126ha&nSedhaadceussb-pictdreachahpedvéhoagh the keVadsano&dShown
person in aerobics. As apparent fromthe above description,
the title in @headnawa';ag prihwe @ezdsi@/@h@lm@du esds tbe gubobiictugeadhdnnel

such as 25 "beginner," "internediate," and "advanced" with an optical
di sc. seletted by the user are stored in system registers (not shown

in the drawings). When the video object is reproduced, system
controlling unit 93 refers to the system registers to determine
10 the effective channels and informs the channels to AV decoding
unit 85 by outputting thé control signals. As a result, only
an effective audio channél and a sub-picture channel provides

data to be output together with the moving picture data.
(2.3.1) Operation Example 1 ... Reproduction Control

15 for Video Title Set V1

| Software control of Video Title Set V1 by system

controlling unit 93 is described with reference to Figs.l1l4 and

15.
It is supposed here that the user selects "make your
20 arms slim." When this happens, PGC informatioﬁ #1 is stored
in PGC information buffer 31. At +this stage, system

controlling unit 93 determines reproduction orders. That is,
system controlling unit 93 determines reproduction orders
according to "PG reproduction mode" when control branches from
25 a menu to a program chain. This process is achieved by the

multiple branch as shown in the flowchart of Fig.l14. At step
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26 The first programchain of "digest"” is PCC

I nformation #4. The VOB address information table of PGC information
#4 i ncl udes 15 pieces of the VOB address information for 15 VOBs.
The 15 VOBs are fromthe first VOB to 15th VOB anong the total 5 of 30
VOBs of PGC information #4. The nunber of cycles specifies "0." As
aresult, in "digest," the 15 VOBs fromthe first VOB to 15th VOB
are reproduced sequentially in the order. This course is good for a

person who JUSi4Mﬁn€§etﬁc|f@§fd@hd¥@%n mode i§GF&aaD fddnh@le BGCNgndckiakion.
exercises. 10 (1.1.2) Logical Construction ... Video Manager

The Vi deo Manager sicagl udas \dtleis ophdgeés ¢NeBr¢rabdtPEattern ofratigeseabnd
i nformati on table, and the construction is al nost t he sane as that
of the Video TfiékdSet. tHee 43R oPGt repYiodection modﬁan%@el"oaﬂf 0809 't onThe
that of the Video Title Set in that the 15 Video Manager is specialized
in the vol ume second THeldolafmePGC infogmagipnodldestaressbidf patterp “000
titles included in the optical disc so that the user can select one
fromthe $ist.1010,", indicating that the number of reproduction cycles is
"10." This allows control to move to step 142.
At step 142, it is judged whether the bit pattern of the
first field is "1." Since the first field of PGC information
#1 stores bit pattern "1," control moves to step 144.
10 Now, the operation of system controlling unit 93 is
described with reference to Fig.l5. "Random number list" is
a one-dimensional array‘ﬁsed to store a history of random
numbers generated in the shuffle reproduction. "Total number
n" is the number of pieces of VOB address information written
15 in the VOB address information table. For PGC information #1,
the number is "15." "Specified number k" is a wvariable
representing the number of loops performed in steps 152 through
159.
The flowchart shown in Fig.1l5 is the detailed flowchart
20 of step 144 in Fig.14. At step 150, the bit pattern of the
second field representing “"specified number" is read from the
PGC information. Since the second field has seven bits, the
second field can specify the number of cycles ranging from "0"
to "127." At step 151, the random number list is cleared to

25 zero. At step 152, random numbers for integers ranging from

1 to 15 (the total number of VOBs) (0O<r<n+l) are generated.
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The volunme nmenu is displayed on the screen after an opti cal disc is

| oaded in the disc reproduction apparatus and the 20 optical pickup
noves fromthe vol ume nanagenent area to the vol une ar ea.

There are follow ng differences between the Video Manager and the
Video Title Set. First, while the VOB of the Video Title Set

I ncl udes vi deo packs, audi o packs, sub-picture 25 packs, and a
managenent i nformation pack as shown in Fig.6, the VOB of the Video

Manager incl udéereheisafie Ruppesed phsksitteger "3" is generated. Note that
27 - a nmenu. Secondly, the BRANCH commands of the Video
Manager can in tReecpregerty enbediment i df oFS t FUPRSSPACIthRY i §ngdformly
plurality of Video Tit]e Sets as a branch target, .
Fi g. 20 shows tI’?énEIBH‘st?'d’E’P‘?_Bﬁ'ofaQ%egWEBtﬁgnagerffc’I%sth’@ TERSWPT nTeRdom
crai 19, Lhe, vidsBaenagee yRekder Ll 1E Pty asaresiRRRNLon, cabie
YLSGSOFBj ct. are uniformly-ggiég¥é )”th(%fgﬂ§¥é ééhé%\ggkégﬁchghgégg gﬂch
as "Gauss random numbers" thch include arbitrary distribution.
The latter part of this course may be weighted so that '
exercises in the latter part are selected more frequently.

At step 153, it is judged whether the generated integer

10 "3" is written in the random number list. The integer is not
written in the list since PGC information has just been
selected. At step 154, ‘the third VOB address information in
the VOB address information table is'read. At step 155, a
position in the spiral track in the optical disc corresponding

15 to the logical block to be read is calculated according to the
VOB offset written in the VOB address information. Optical
disc drive controlling unit 83 receives the track position and
is instructed to move optical pickup to the record start
position. Then, optical disc drive controlling unit 83 is

20 instructed to control block reading.

At step 156, the process of step 157 is repéated for
each logical block in the VOB. The process of step 157 is to
read data recorded at logical block #k through optical pickup
and signal processing unit.

25 The data of the logical blocks in the VOB is

sequentially read by the control of optical disc drive
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renu. That is, the nmenu video object includes a sub-picture 10 pack for
the volune nenu and a managenent information pack whi ch control s the
reproduction according to the selection and determ nati on operations
by the user. Fig.21 is the volune menu di spl ayed on the screen. The
menu vi deo obj ect includes a plurality of items, y611, y612, "y613,
and y616. The itens 15 represent titles such as "nmake your arnms slint
and "-make your wai st slinmt of "aerobics.” Atitle is specified when

t he user cetesl Sl dutiet e331 868 8Dgh&BnNprBckBeifgnunit 84. The read
The menu PGC managenent information table is PGC i nformation

speci al i zed i n ddtm i wepamted antheraprodudEd BRO AV rwaghirentunif dB5at i The
tabl e stores a recording section of the menu VOB which is read by

t he di sc reprodumtirgn mippaee sepadmted at thile si@decdls dlisspliayedsan tidd TV
The nmenu PGC information is read by the disc reproduction apparatus
after an opticacutiere and audic {akdedsi putputdiase sEpbducdfor Fesaddt.usthe

and the optical 25 é§£CKUp moves fromthe vol ume managenment area to the
vol une 5 arssrecthehisRiays i@ uphowedf] Fhedispltapegosn stretebiagh her arms

28 horizontally and turning them for several minutes as shown in
Fig.17. At the same time, a back ground music is output from
the speakers. The user exercises in the rhythm of the back
ground music imitating the mofion of the instructor.

10 After the above process is repeated for each logical
block in the VOB address information of VOB#3, control moves
to step 158. At step 158; integer 3 is added to the random
number list. At step 159, "1" is subtracted from the specified
number k stored in the counter. At step 160, it.is judged

15 whether the specified number k is more than "0." At the first
cycle, control moves to step 152 to generate random numbers.

At step 152, random numbers for integers ranging from
1 to 15 (the total number of VOBs) (0<r<n+l) are generated.
Here, it is supposed that integer "3" is generated. At step

20 153, it is judged whether the generated integer'"s" is written
in the random number list. This time, the integer has been
written in the list. Therefore, control moves to step 152 to
generate random numbers.

In this way, steps 152 to 153 are repeated while random

25 numbers written in the 1list are generated. By checking the

history written in the random number list, redundant selections
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The title search pointer table is an index used to I dentify the

Video Title Set and the title nunber of a title. (2.1)
Qutline of the Disc Reproduction Apparatus DVD pl ayers for
repreduci ng optical discs are described 5 wth reference to the

drawi ngs. Fig.10 shows the appearances of DVD player 1, TV nonitor
2, and renote controller 91. DVD pl ayer 1 includes an optical
di scdrive in which an optical disc can be set through the slot on

the front sidegs already selecRRADYBBSORIEOlavicR@RaVi Ng unit 92, also set on
the front 10 side of the DVD player, includes a |ight receiving device

whi ch recei vessuppbaeedntayerseBt fisogehbeatedvheéteonar ghh@ibm number
Responding to an infrared ray fromthe renote controller by a user
operation, renmate genbralkedetgiveng Siihte9Zneshput $58nis not wrhteenupn the
signal indicating that a key signal has been 15 recei ved.

On the rear sigandbmt hemb¥b pliayercoutded wmovpst to step 1B4mi nTheafid £abdvVoB
output term nal are set. Through AV cords connected to the

termnal s§ i nagédsi?.gaaﬁ-@floe‘plra(td@@ed.rbyhlmeVDBDaddress dinfipamatiorbetableuts
to TV nonitor 2. The user can enjoy the i mages reproduced by the DVD
pl ayer on a | argadsi zeATVvsEeeh lg a POSSBJ-PﬁCH-n d?he 3spixneh treck jm the

understood from the _above descri ption,

present enbodi ABRECRS fhPEngeFresponding fe EQ%dlagl gho%%%ﬁ%lHOaBﬁlFSﬁéeis
connected to ng cuiaged according to the VOB offset written in the f£ifth VOB

address information. Optical disc drive controlling unit 83
10 receives the track position and is instructed to move optical

pickup to the record start position. Then, optical disc drive

controlling unit 83 is instructed to control block reading.

At step 156, the process of step 157 is repeéted for
each logical block in the VOB. The process of step 157 is to

15 read data recorded at logical block #k through optical pickup
and signal processing unit.

The data of the logical blocks in the K VOB#5 is
sequentially read by the control of optical disc drive
controlling unit 83 and signal processing unit 84. The read

20 data is separated and reproduced by AV decoding unit 85. The
moving picture separated at this stage is displayed on the TV
screen and audio data is output as sound. As a result, the
screen displays a shot of the instructor stretching her arms
horizontally then droppihg them and crossing them at her belly

25 for several minutes as shown in Fig.18. At the same time,

another back ground music is output from the speakers. The
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-not connected to a personal conputer and the like. 25 Renot e

controller 91 outputs infrared rays as codes when key pads with
springs under them set on the controller

29 . ' are pressed by the user. (2.2)
Construction El enent of the Disc Reproduction Appar at us

Fig.11 is a block diagram show ng the construction of 5 t he DVD pl ayer
used-in the present enbodiment. The DVD player i ncl udes opti cal
disc drive 16,98t &ebrdhi S&€s diri BeCORYERNl 6AGhe back gmoundBmusiignaini tating
processing unit 84, AV decoding unit 85, renote control receiving
unit 92, and syréenbeoshrofl thg UnstrG8toAV decodi ng unit 85

conpri ses signal separating unit 86, video 10 decoder 87, sub-picture
decoder 88, audi o dechafiter8%heamibove progrss uie mepeagednifioroeach logical
Optical disc drive 16 conprises a board on which an optical disc is
pl aced and spibtibekmbroth81VPBr addresisngnfiesmation ofotVeRH3I cFoRFEel mages
board nmoves in and out of the cubic
5 to step 158. At step 158, integer 5 is added to the random
number list. After this addition, the random number list has
"3% and "5." At step 159, "1" is subtracted from the specified
number k stored in the counter. At step 160, it is judged
whether the specified number k is more thah "0." At the second
10 cycle, control moves to step 152 to generate random numbers.
At step 152, random numbers for integers ranging from
1 to 15 (the total number of VOBsg) (O<r<n+l) are generated.
Here, it is supposed that integer "8" is generated. At step
153, it is judged whether the generated integer "8" is written
15 in the random number list. The integer has not been written
in the list though "3" and "5" have been. Control moves to
step.154. At step 154, the eighth VOB address information in
the VOB address information table is read. At step 155, a
position in the spiral track in the optical disc corresponding
20 to the logical block to be read is calculated according to the
VOB offset written in the VOB address information. Optical
disc drive controlling unit 83 receives the track position and
is instructed to move optical pickup to the record start
position. Then, optical disc drive controlling unit 83 is
25 instructed to control block reading.

At step 156, the process of step 157 is repeated for
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15 space by nmeans of an eject nmechani smwhich is not shown in the

drawi ng. The user places an optical disc on the board ejected

outside the DVD player. Then, the board noves into the DVD pl ayer,

| oading the optical disc. Optical disc drive controlling unit
83 controls optical 20 pi ckup and optical disc drive 16 incl uding

spi ndl e not or 81. Specifically, optical disc drive controlling unit
83 adj usts the notor speed according to a track position specified
by Syst emctoliogdldaln®loeki 193 thedwes .oprheabrpicekisp ofy stemt 1@7 iisg to
the actuator of the pickup, then after a correct track is 25 detected by
servo control, remid daftar racdediededtpipgicall ddochr #k throagh ppddsadi gdalksip

continuously starting from desired position.

30 and signal progegsdingprueddssi ng unit 84 converts the signals

r ead t hrough optical pickup into digital data by processing the
signals with anplificdtieondakaefcd mBirapingicvhvde@dfe t oln  the pVRBry is
denodul ation, error correction, etc., then stores the 5  processed data

i n buf f er Snenmospaentdeddy begetat by) Fﬁ?sy%QQ#ﬁ°l of optical disc drive

controlling unit 83 and signal processing unit 84. The read
data is separated and reproduced by AV decoding unit 85. The
moving picture separated at this stage is displayed on the TV
screen and audio data is output as sound. As a result, the
10 screen displays a shot of the instructor stretching her arms
and raising them at her back as high as her chest for several
minutes as shown in Fig.19. . At the same time, another back
ground music is output from the speakers. The user exercises
in the rhythm of the back ground music imitating the motion of
15 the instructor.

After the above process is repeated for each logical
block in the VOB address information of VOB#3, contral moves
to step 158. At step 158, integer 8 is added to the random
number ligst. At step 159, "1" is subtracted from_the specified

20 number k stored in the counter. At step 160, it is judged
whether the specified number k is more than "0." At the third
cycle, control moves to step 152 to generate random numbers.

Each time it is judged that a random number has not been
written in the random number list at step 153, steps 152 to 159

25 are repeated. At step 159, the count value is decremented by

one at each end of a cycle, and control moves to step 160.
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controlling unit 93 in units of |ogical blocks. AV decodi ng
unit 85 converts VOBs of digital data into the video signals and
audi o si gnal s. Si gnal separating unit 86 receives the digital
data. 10 transferred fromthe buffer nenory in units of |ogical blocks
(packets), and classifies the data into the nmanagenent I nformation
data, noving picture data, sub-picture data, and audi o data by
identifying the stream | D and sub-stream I D of each packet. Signal
separating unit 86 outAsutthe ountvivajiudsis geerementedabyooprded §EEdddsS9.

87. Signal separating unit 86 out puts the managenent information
pack to systemtéenvedlei fgaches thediqwest ngpdegn cOnf'r WPERGERMITOWE F&ixe

a channel nunmber for =~~~ each of the qudiq materjal gthe sgg-title
material to sigfal 0." it d&paiudgsdy ahit 66 §9ﬁ5?9s33 r f#9%hg R Prgsent

h 20 dig d f th I fi h I di d 89;
aut S o e B he LHRIGH cHPErARTES FePRERtEPErar S ReERFEE LSS
i scardeas  Showtt' by g elneds ngts e IlY o fafliSren bask, arguna

I ct 25 dat t f | I ' [ 6
Do picture i xPHEIEnALS SR o THRQESoE a dor®® £ Wodd! Babiclle 44'3
31 short period of time.

Even if the user inserts the same optical disc and
selects the same course next day, the different VOBs are
10 reproduced. Since the user enjoys a course every day with
rapid changes, the user can see the effect of the exercise
appearing in the body from day to day.
<random reproduction>
The random reproduction is achieved by a combination
15 including repetitions. Therefore,_the random reproduction is
achieved by deleting the check of the random number list from
the flowchart of Fig.l15. Fig.1l6 shows the flowchart without
the check of the random number list.
<Standard reproduction>
20 For the standard reproduction, the VOBs are reproduced
in order as they are written in the VOB address information
table. For this purpose, only steps 156 to 157 in the
flowchart of Fig.l1l4 are required.
At this stage, if the user selects "make your waist
25 slim," a series of shots of the instructor moving around with

rhythmical steps, raising right leg high, raising left leg
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‘Sub- pi cture decoder 88 decodes and extends the sub- pi cture data

sent fromsignal separating unit 86 if the sub- picture data is

i mage data conpressed with run | ength conpression, and outputs the
sub-picture data to picture m xing 5 unit 90 in the sane format as

vi deo signals. Audi o decoder 89 decodes and extends the audio
data sent fromsignal separating unit 86, and outputs digital audio
si gnal s. Picture m xing unit 90 outputs NTSC (Nationa

Tel evi sion 10higbysweed dempinge @re/ixrpriuped sinfsewecessien- t h&halt gsrs 1f
from vi deo decoder 87 and sub-picture decoder 88 according to. the

rati o specifi edBy PSFsLBAPEBAELEN FRETAFPOPGING To "make your grfis)Slim” is
Const ot i on oF S8 PEntBEnEPBFPRHG nfy Sg8ezogus, tne’ BRELEIERs 5%, pEms: Age
uni 95 SOnt T g elhehe VD BN ana asspaediloh SERTSEEABHEY, 7B 2URL"eo
nagenenl | o SREE Rt R Ko e VAL L A R 8 My
the reproduction apparatus, the exercises of waist are selected

at random and displayed on the screen.
As apparent from the above description, in the present
embodiment, each of the courses such as "make your arms slim"
10 and "make your waist slim" corresponds to a piece of PGC
information. A piece df PGC information specifies a
reproduction order so that:  exercises for each course are
selected at random and reproduced. Therefore, if the user
selects course, concerned exercises are reproduced at random.
15 With this random reproduction, the user can enjoy different
orders of exercises every morning. This refreshes the user
every morning and makes the user exercise with fresh feeling

for the courses.

In the present embodiment, a VOB unit consists of a GOP.
20 It is needless to say that if the stored moving pictures have
a reproduction time of about a second, a VOB unit may consist
of two or three GOPs with very short reproduction time. In
this case, a management information pack is set before such a
plurality of consecutive GOPs. The management information pack

25 is effective for the plurality of GOPs.

In the present embodiment, the digital moving picture
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<20 Buf fer nenory 94 stores data which has been processed
with anplification, waveform shapi ng, conversion to binary,

denodul ation, error correction, etc. From buffer nenory 94, system
contkolling unit 93 transfers the Video Title Set managemnent

I nformati on to another buffer which is not shown in 25 t he draw ng; VOBs
to signal separating unit 86 in units of packs. Signal separating
uni t®* 86 sends back the nmanagenent 32

i nformati on pad&taousdet MREENMEEOLUERAJEfOAI thdInoving picture daManagBRowreter,
I nformati on pack buffer 95 stores the managenent i nformation pack
sent back frompshgnakisépavftmoging pictunetddba such as the digbtdliedoving
processor 96 includes a ROM which stores a control program of DVD

pl ayer 1, a wopkctenerg¢atandndeCPMPEGL and the digi@@1 miaving i picbuféedaga
stores the PGC information currently sel ected. Wor k

buf fer 97 storesthrangonversion @digarithm otller thpacPfTed HEcrgte yepaine

whi ch are used in executions of the
Transform) under MPEG may be used as far as the moving picture

data can form the multimedia data with the audio data and the
sub-picture data.
In the present embodiment, the management information
packs are included in VOBUs in units of GOPs, being the units
10 of reproducing moving picture data. However, it is needless
to say that if the method for compressing digital moving
pictures changes, the unit of the management information pack
changes according to the compression method.
Now, a method for producing an optical disk used in the
15 present embodiment is described. The editor has to prepare
master tapes such as video tapes of various shots filmed with
video cameras and music tapes in which songs and sounds are
recorded live. The moving pictures and sounds in the tapes are
digitized and loaded into a nonlinear editing machine. The
20 editor creates menus and items using application programs such
as a graphic editor loaded in the editing machine, reproducing
pictures and sounds frame by frame. The editor also creates
management information packs having highlight commands by using
a GUI generator and the like. Then, the editor encodes the
25 above data under MPEG to create moving picture data, audio

data, sub-picture data, and management information pack. Then,
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‘processes shown in the flowhart of Fig.12 by system control ling
unit 96. (2.3) Operation of System Controlling Unit 93

Now, the operation of DVD player 1 is described with 15 reference to
Fig.13. Fig.13 is a flowhart show ng the process steps of system
controlling unit 93. For inserting an optical disc, the user
presses the ej ect button on the front side of DVD player 1 and

pl aces the optical disc on the ejected board. Then, the board, with

the 20 optigak das€ofciéstds tHOVEB UALE &he BE: pyvysimndhehaonlinear
optical disc loads into the DVD pl ayer. At step 121, system
control ling uneii®3nigs maclaingi t The editde jpssdgng whethhers aooptheaWOBs.
di sc has been inserted. On receiving notification froman opti cal
sensor that anAdpbicihe 8Bitodi scehtiesbheef infermediosy#lentdon#Bol Ling #n,
unit 93 controls optical disc drive controlling unit 83 and signal
processi ng video title set unit title sea®th pointer table, andmiwvidao

so that the rotation of the disc is controlled while
5 title set management information. The editor loads these
pieces of data into a memory in a workstation.
The data is converted into logical data sequénces SO
" that the data is recorded in the file area. The logical data
sequences are recorded into a medium such as the magnetic tape,
10 then converted to physical data sequences. The physical data
sequences include volume data with ECC (Error Check Code), E-
F conversion, data in the lead-in area and lead-out area. A
master optical disk is produced by using the physical data
sequences. Then, copies of the master optical disk are
15 manufactured by using a pressing machine.
conventional CD manufacturing machines may be used for
manufacturing the above-constructed optical disk except a part
of logical data sequences related to the data construction of
the present invention. Concerning this point, please refer to
20 Heitaro Nakajima and Hiroji Ogawa: Compact Disk Dokuhon, Ohmu
Ltd. and Applied Physics Society Optics Meeting: Optical Disk
System, Asakura Shoten.
Although the present invention has been fully described
by way of examples with reference to the accompanying drawings,
25 it is to be noted that various changes and modifications will

be apparent to those skilled in the art. Therefore, unless
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optical pickup is placed in the |ead-in area. The di sc rotation is
stabilized while optical pickup is placed in the | ead-in area. After
the rotation is stabilized, the optical 5 pi ckup is nmoved fromthe

| ead-1n area toward the circunference and the vol une managenent area
is read. Then, according to the information read fromthe vol une
managenent area, a Video Manager is read (step 122).
Systemcontrolling unit 93 cal cul ates the address of the 10 program
chain of the votup aeangey msflemodid icatilonaTeidpart frofl €BEABCHR bf the
managenent information in the Video Manager, then r eproduces the
program dhai n #ARPIIVF eventipRGThey ghmuldrbe constiudd ers Heiddeimcluded
systemcontrolling unit 93 refers to the PGC information stored in

t he buffer and‘#&%ﬁﬁﬁ?zes the VOB to be 15 reproduced and cal cul at es
its address. Systemcontrolling unit 93 outputs control signals to
optical disc drive controlling unit 83 and signal processing unit

84. Then the VOB is fetched fromthe optical disc and reproduced,

di spl ayi ng the vol une menu as shown in Fig.21 on TV nonitor 2 (step
123). 20 It is supposed here that the user selects "nmake your
arns slinl in the nenu and perforns the determ nati on operation for
the item systemcontrolling unit 93 executes a BRANCH comand
specifying the title nunber which is set as a highlight comand
corresponding to the title (step 125).
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25 By executing the BRANCH conmmand, systemcontrolling... -.-—-unit
93 refers to the title search pointer table of the Video

34 Manager to determ ne the Video Tj u E“ﬁ “ﬂﬂl& d the
VTS . title nunber. Then, system controlling uni m ﬂ‘ m ¥ ol
signals to optical disc drive controlling unit 83 and gighalt * s
processing unit 84, reproduces the Video Title Set managenent 5

i nformation of the determ ned video title, and fetches the Vi deo
Title Set unit ¥heteilSealahmpdi #8er table of this i nformation (step

126) . System control|i nit 93 .deternmnes, the PGC

i nformati oh of the®i "éltt rﬁ%"i‘n’a‘i’%]?i f#?ﬁe EMRTE ST B gaF@f g an
the fetcheg Video TitIeeSet unit title search poi nter table. Then,
syst em confrol | TR3EEnPFe83 out put s control signals to optical disc

drive contgolling unit ' ocessing unit 84, reproduces
t he deterh#ned PGC tﬁé ?%?%r%%??oﬁshggggéﬁéres the infornmation in PGC

informatiop 15  buffgr 31 4);The FOGHPEOENPLLAR Ur LHAR:¥R! YHRITRIL | $1deo

5 daté, and

6 the index area comprising

7 a plurality of sub-areas each of which includes
8 addresses of objects selected from the plurality of objects
9 stored in the data area, a flag indicating a random
10 reproduction of the objects selected, and a number of repeats
11 of the random reproduction.

1 2. The multimedia optical disc of claim 1, wherein
2 each of the plurality of sub-areas further includes a
3 flag indicating whether to prohibit a redundant use of objects
4 at the random reproduction. |

3. The multimedia optical disc of claim 2, further comprising

a reproduction area for storing data for reproducing a
menu which is to be displayed first on a display of a
reproduction apparatus, wherein the data for reproducing a

menu includes a plurality of menu items which respectively

o N b W

correspond to the plurality of sub-areas.

1 4. The multimedia optical disc of claim 3, wherein
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overwitten by the PGC information. Systen1controllln
det ernines the video object to be reproduced and |tﬁuﬂm m Hl““l‘l“uﬁ
referring to the stored PGC i nformation, outputs co als to
optical disc drive controlling unit 83 and signal proceSS|ng unit 84,
and reproduces the determ ned video object. After this, system
controlling unit 93 determ nes and repr oduces vi deo objects in or der

according to the stored PGC i nformation. Systemcontrolling unit 93
determ nes2t he next  the papredurhien orpusa r &uaithery cemprdSpSC management

connection information 25 of the current PGC information when it
conpl et es PeprodEPFation, phereiny TheedammaamerdpetPfPEREEAOPhERGHYGRE 2

PGC i nfornmati on

: . , s ? .
Then, syst®m coPt¥BRELRY Gﬁi%d%%tﬂféﬁﬁFd%ftF%ecB}VEﬂle¥{9f menu items and a
information and stores the_ne ti to c he
repr oduct i ®n (sPiBrﬁgéyy Se"s¥hrEEet Ogbgg Prﬁ$ §|83 “REE%% *key for
sel ecting an audio 5 channel and a sub- plcture channel t hough the key
i's not shown in the drawi ng. The!audi o channel and the sub-picture

channel 5. The multimedia optical disc of claim 4, comprising

a first transparent substrate and a second transparent
substrate which are bonded with an information layer in
between, each of the first transparent substrate and the second
transparent substrate having a thickness range of 0.5mm to

0.7mm, and the information layer including the index area and

A ]

N ook W e

the data area.

6. The multimedia optical disc of claim 1, wherein
the .index area further comprises a certain sub-area
which includes certain addresses of certain objects selected

from the plurality of objects stored in the data area, wherein

g h WwoN P

the certain addresses are aligned in order of reproduction.

7. The multimedia optical disc of claim 6, further comprising

a reproduction area for storing data for reproducing an
initial menu which is to be displayed first on a display of a
reproduction apparatus, wherein the data for reproducing a

menu includes a plurality of menu items which respectively

S o0k W e

correspond to the plurality of sub-areas.
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sel ected by the user are stored in systemregisters (not shown __ in
the drawi ngs). Wen the video object is reproduced, system

controlling unit 93 refers to the systemregisters t ﬂ”ﬂﬂ"‘ the
effective channels and inforns the channels to AV de nm”"'B

by outputting the control signals. As a result, only ectlve
audi o channel and a sub-picture channel provides data to be out put
together with the noving picture data. (2.3.1) Operation
Exanpl e 11... BepfTbhductiléimEditr obtithl diker o¥i ddaik 7l,e cBeaipriking
Software control of Video Title Set V1 by system controlling unit 93
is descriBed with referéﬁesttbrﬁhgpaténandubstratelEnd a second tranbpakent
supposed here that the user selects "make your 20 arms slim" Wen

t hi s happéns, PabsitERéemaWibeh#Rrs booded with am ipdormatfimmuatliayer in
buffer 31. At this stage, system controlling unit 93

det er m ne$ repb@ﬁU@?%neW@é?fs then§irps, transzaar@yttmmtre)landwghmsecead
determ nes reproduction orders according to "PG reproduction node"
when cont®ol bFﬁﬁEﬁé§rPF*émSU@§trat§ Maving a progkanessharange Thifs GprIwesto

Is achieved by th ,gle branch as shown in_the flowhart of
g steB 7mm and the information layer includimg the index area and

Fig.14.

7 the data area.

1 9. A multimedia optical disc comprising a data area and an
2 index area,

3 the data area comprising

4 a plurality of objects each of which includes at least
5 video data, and

6 the index area comprising:

7 a plurality of first sub-areas each of which includes
8 addresses of objects selected from the plurality of objects
9 according to a first standard, a flag indicating a random
10 reproduction of the objects selected, and a number of repeats
11 of the random reproduction; and
12 a plurality of second sub-areas each of which includes
13 addresses of objects selected from the plurality of objects
14 according to a second standard, a flag indicating'a random
15 reproduction of the objects selected, and a number of repeats
16 of the random reproduction.

1 10. The multimedia optical disc of claim 9, wherein
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140, the PG reproduction node is read fromthe PGC |nfornat|on

step 141, it is judged whether bit pattern of the s field

the read PG reproduction node is "000 0000." The UIII“ '{ﬂwumﬂum

PGC information #1 stores bit pattern "000 101 hat

t he nunber of reproduction cycles is "10 " This allows control to

nove to step 142. At step 142, it is judged whether the bit

pattern of the first fieldis "1." Since the first field of PGC

i nformati @n #1 emichr esfbitheatpleimalilty odnt fFOksBOvesbiarsaep drd. the

10 Now, the operation of systemcontrolling unit 93 is

descri bed3w t hplafreddhye tof Fispctihd " Rasldenreasbefuttset | $ncludes aa flag

one-di mensional array used to store a history of random nunber s

gener at ed4i n t haddRating wasitbeycticoprotiiduiasl aumsdundant use”ofsobljects at

nunber of _pieces of VOB address information witten 15 in the VOB

addr ess i fif or n&PPoF2PEBMe repsPAPCEiPAf-or mat i on #1, the number is

"15." "Specified nunber k" is a variable representing the nunber

of | oops perfornmed in steps 152 through . 159. The

fl owchart, sho i n_Fiqg. S e detailed.flo tep 144 in

Fig.14. %I Srgb.gg%?Q§ #ﬂ%éj1 gﬁﬁ g%ﬁg o éialnla urti rpcomprising
2 a reproduction area for storing data for reproducing a

menu which is to be displayed first on a display of a

3

4 reproduction apparatus, wherein the data for reproducing a menu
5 includes a plurality of menu items which respectively
6

correspond to the plurality of sub-areas.

AY

1 12. The multimedia optical disc of claim 11, wherein

2 the reproduction area further comprises management
3 information, wherein the management information includes a
4 plurality of identifiers of the plurality of menu items and a
5 pPlurality of addresses of the plurality of sub-areas.

1 13. The multimedia optical disc of claim 12, comprising

2 a first transparent substrate and a secoﬁd transparent
3 substrate which are bonded with an information layer in
4 between, each of the first transparent substrate and the second
5 transparent substrate having a thickness range of 0.5mm to
6 0.7mm, and the information layer including the index area and
7 the data area.
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second field representing "specified nunber” is read fromthe _
information. Since the second field has seven bits, the second freld

can specify the nunber of cycles ranging from"0" lunﬂu )
151, the random nunber list is cleared to 25 zero. ﬂﬁi #ﬂi&@&dom
nunbers for integers ranging from 1 to 15 (the totAl humbem 0
(0O<r<n+l) are generated.

Here, it is supposed that integer "3" is generated. Note that in the
present enbodi neat, At repredppdied tdmiaramid ofoky reproducimglom nuabtisédia
are gener at ed. For this type of random nunbers, the VOBs witten

in the VOR addrestical oddeti orthealpiud tirfediareptiddbr digcs soaprddingTher@data
are other random nunbers such as "Gauss random nunbers” which

i ncl ude arditraayedi andi ot Loflex area, the KgteeRLRs CHPRIFINE RIr_RbuURdyity
be wei ghted so that exercises in the latter part are selected nore

frequent | y4 of ObJe‘:tS gEch: OF I@E}cr} tl’i‘%l‘]“i%e‘dl%‘ét fatay h@”g?eng?%tb‘adex
i nteger 10 "3" is witten in the dom_nunber i st
not S e | (RO (PRI ST 2P hEEABaEY, OF GHRTARSR 52 GE BALEH intTudes

6 ‘addresses of objects selected from the plurality of objects
7 stored in +the data area, a flag indicating a random
8 reproduction of.the objects selected, and a number of repeats
9 of the random reproduction, wherein '
10 the reproduction apparatus comprises:
11 an optical pickup for optically reading the plurality
12 of objects from the multimedia optical disc;
13 an optical disc driving mechanism for driving the
14 multimedia optical disc so that the optical pickup moves to a
15 desired area on the multimedia optical disc; |
‘16 i an AV decoder for decoding the video data in the read

17 objects:

18 first controlling means for controlling the optical
19 disc driving mechanism so that contents of a desired sub-area
20 are read;

21 random number generating means for generating random
22 numbers, wherein the random number generating means is
23 activated according +to the flag indicating a random
24 reproduction included in the read contents of the desired sub-
25 area;

26 first address reading means for reading at least one
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L3

selected. At step 154, the third VOB address information in t he VOB

address information table is read. At step 155, a -~ ~—~ ~position in the
spiral track in the optical disc corresponding 15 t ' ck
to be read is calculated according to the VOB ﬂmg T“mmmm““' t he
VOB address information. Optical di sc drive co dimg ung 83

recei ves the track position and Is instructed to nove optical pickup
to the record start position. Then, optical disc drive controllin
unit 83 i2¥ 20 adduess fawedthe sddresses| berlpdadi #9. the desired subgyarga Py
156, the process of step 157 is repeated for each logical block in

the VOB. ZBhe prsiass e ganerered Fangom numbeksy #R%A recorded at | ogi cal

bl ock #k t hrough optical picku '

p and signal processing.unit._. 25 .,
The dat&9 of the | GyisegondcoaTolling Feangofor §°n$tr°g1§€tﬁje‘?h‘? FRtical
read by the control of optical disc dri

38 30 disc dmigrmeIMeSREnETR and aHesvifier PPGRESEi 59 At SPIefes

read 31 datc%rl'rses%%pn iaf}geqtoar‘}: er S era%ld l_:'i(%ieéjrebgls Aé\é'ed e:.geoﬁjfon éjé-ld.t 85. The

15. The reproduction apparatus of claim 14, further comprising:
a counter for counting generations of random numbers by
setting the number of repeats of the random reproduction
described in the desired sub-area as an upper limit value for
counting; and
count value judging means for judging whether a count
value of the counter exceeds the upper limit value each time

a random number is generated, wherein the random number

O 0 3 oo O W W N B

generating means is activated repeatedly unless the count value

exceeds the upper limit wvalue.

o
(@)

16. The reproduction apparatus of claim 15, further comprising:
flag judging means for judging whether the flag
indicating a random reproduction is included in the read
contents of the desired sub-area; |
second address reading means for reading the addresses
from the desired sub-area if the flag is not included in the
read contents;

managing means for activating the random number

v 0 NN W N P

generating means if the flag is included in the read contents
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AoOVi Ng picture separated at this stage is displayed on the TV ~ screen
and audio data is output as sound. As a result, the

a shot of the instructor stretching her arns | al |y and
turning themfor several mnutes as shown in ” 4 f-f%? [l ane
time, a back ground nusic is output from t he speakgrsy Wid imlser
exercises in the rhythm of the back ground nusic initating the
notien of the instructor. 10 After the above process is repeated
for each 1mgi cand activdtiogk the skeovidBadddegssrealibngemeansol fVEOB#3flag is
control noves to step 158. At step 158, integer 3 is added to the
random 11 motberinglidedt igt eptHES9 redall icorsigntrsact etherenin t Hthe second
speci fied nunber k stored in the counter. At step 160, it is judged

15  whetlifer t lorstpesl¥irgl mearsecdatmlorihea mptiogl' ddsa Wrifting mechanism
cycle, control noves to step 152 to generate random nunbers.

At step I52, rardbrhhauvidles flecodareger thatingt ntpdsorane address gls Feagiaed
total nunber of VOBs) (0<r<n+l) are generated. . Here, it is supposed
that intédder "Fram beberefcgheafizsdp address mmding jBeang gandwideh geaand
generated integer_"3" is witten “in the random nunber |ist. This
tinme, théd nte@ddIRss Feading meang apdefhe FeFR1YeS (299RF 2 (IF FerRRAtUcR4 -
noves to step 152 to generate random nunbers. In this
way, steps 152 to 153 are repeated while random 25 nunbers witten in

the |ist %e ggner ghed. eﬁé%@rﬁ%p%%?atus o AAY 1\@’) Ghfdkddh the
2

random nunber [i'st, redu sel ectl
the multimedia optical disc further comprises

3 a reproduction area for storing data for reproducing a
4 menu which is to be displayed first on a display of a
5 reproduction apparatus, 'wherein the data for reproducing a
6 menu includes a plurality of menu items which respectively
7 correspond to the plurality of sub-areas, wherein
8 the reproduction area further comprises management
9 information, wherein the management information includes a
10 plurality of identifiers of the plurality of menu items and a
11 plurality of addresses of the plurality of sub-areas, wherein
12 the reproduction apparatus further comprises:
13 menu item receiving means for receiving é desired menu
14 item selected from the menu; and '
15 third address reading means for referring to the
16 management information and reading a address corresponding to
17 the desired menu item, wherein the first controlling means
18 controls the optical disc driving mechanism and the wvideo
19 decoder so that at least one object is reproduced based on the
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39 of already selected VOBs are avoi ded.
Suppose integer "5" is generated after a random nunber are generated
twice. Since integer "5" is not witten in the — random nupber—| i st,
control noves to step 154. The fifth VOB 5 addr ess |nfornat|on in the

VOB address infornmation table is read. At 1’ |on in
the spiral track in the optical disc corres gi ca

block to be read is cal cul ated according to the v offset WW|tten

in the fedth VEBad addreaddress information. Optical disc drive controlling
unit 83 10 receives the track position and is instructed to nove opti cal

pi ckup to the record start position. Then, optical disc drive
controlling unit 83 is instructed to control block reading.
At step 156, th8.pricesprodusitdien] Sletbodephat edepooducing saglumgliity of

bl ock in the VOB. The cess of step 157 is to 15 read data recorded at
| ogi cal bZock #hJEﬁt@ugﬁaﬂi|Qﬁﬂappékupllty pieges sifgreepprdectiongconiticol

The data of the | ogical blocks in the VOB#5 is

3 information, wherein each of the plurality of objects includes
video data, wherein each of the plurality pieces of
reproduction.control information includes a set of identifiers
each of which corresponding to an object, a flag, and a number

of reproduction repeats, wherein

the reproduction method comprising:

O 0 N o b

a first reading  step for reading a piece of the
10 plurality pieces of reproduction control information;

11 a random number generating step for generating a random
12 number according to "on" and "off" of the flag included in the
13 piece of reproduction control information read in the first

14 reading step:

15 a determining step for determining an identifier among
16 the set of identifiers by using the random number generated
17 in the random number generating step:

18 a2 second reading step for reading an object specified
19 by the identifier determined in the determining step;

20 a decoding step for decoding the video data included in
21 the read object; and

22 a repeating step for activating the random number
23 generating step repeatedly based on the number of reproduction
24 repeats included in the piece of reproduction control
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sequentially read by the control of optical disc drive -——control ling
unit 83 and signal processing unit 84. The read 20 data i s separated and

reproduced by AV decoding unit 85. The novi ng mmmmﬂgm
this stage is displayed on the TV screen and au I t as

sound. As a result, the screen di splays a shot of the i ndtréictor
stretching her arns hori zontal |y then droppi ng thenland Crossing
themat her belly 25 for several mnutes as shown in Fig.18. At the
sane tinme25 infeamadridmacieagh dmndheuficsts reddqiny fgwap .t he speakers.

The 40 user exercises
in the rhythmof the back ground nmusic imtating the notion of the

i nstructor. After the above process is repeated for each

| ogi cal bl ock in the VOB address information of VOB#3, control noves
5 to step 158. At step 158, integer 5 is added to the random

nunber list. After this addition, the random nunber |ist has "3" and
"5." At step 159, "1" is subtracted fromthe specified nunber k

stored in the counter. At step 160, it!i.s judged

56



whet her the specified nunber k is nore than "0." At the second 10 cycle,
control noves to step 152 to generate random nunbers. At step
152, random nunbers for integers ranging from 1 to 15 (the total
nunber of VOBs) (0<r<n+l) are generated. Here, it is supposed that
integer "8" is generated. At step 153, it is judged whether the
generated integer "8" is witten 15 in the random nunmber list. The

i nt eger has not been witten in the |ist though "3" and "5" have
been. C&ftrol ARSERAGD OF THE LIESGLOSIIRES\t step 154, the eighth VOB
address information in ., the VOB address information table is read,

At step 155, a Ppasilitigedie orsigsl discr dpRlrALpgedabR| 5P ARE index
corresponding 20 to the |logical block to be read_ is calcul ated accoa@&n
to the RIS fifss 8F nTPR tiﬁ*éav?Beadﬂ?%%‘éd?ﬁf%‘?Jﬁ?F%neac}E]&fc ic

di sc drive controlli unlt 8 recel s the track pps
instructed to r?d?FehB% ‘to fz'relf1 ﬁrﬁr§?a’r’i’°£uges S'%bs???’%ﬁ *Each

Then, optical disc drlve cQ trollln unit 83 é i nstr d.to.contr

bl ock reading.S“'f“SD area "inc Hpe§te% ?%%Ss?ﬁe‘ﬁfoe §?Q§F sPE efg?dlsfrom the
repeated fsor objects in the data area, a fl.lL]ag indicating a random
reproduction of the objects selected, and a number of repeats

of the random reproduction.

57



each | ogi cal
data recorded at
processing unit.
5 sequentially read by
controlling unit 83 and signal

| ogi cal

the control

bl ock #k through optical

The data of the |ogical
of optical
processing unit 84. The read

bl ock in the VOB. The process of step 157 is to

pi ckup
bl ocks in the VOB is

separated and reproduced by AV decoding unit 85. The

separated at this stage is displayed on the TV
s output as sound. As a result, the 10
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Each tine it is judged that a random nunber has not been witten in
the random nunber |ist at step 153, steps 152 to 159 25 are repeated.

At step 159, the count value is decrenented by one at each end of a
cycle, and control noves to step 160.

42 As the count value is decrenmented by one at
step 159, the val ue reaches the | owest nunber, "0." Wen the count
val ue is "0," it is judged as "Yes" at step 160 and the present

fl omchart ends. Through the above repetitions, the exercise 5 shown by
the instructor changes rapidly, and the back ground musi ¢ al so
changes. The user has done a good exercise in a short period of
tinme. Even if the user inserts the sane optical disc and

sel ects the same course next day, the different VOBs are 10 repr oduced.
Since the user enjoys a course every dayfytt1 rapi d changes, the
user can see the effect of the exercise 18. 2Appeari ng in the body from

day to day. <random r epr oduct i on>
DIRECTION OF DISC ROTATION
(ANTICLOCKWISE) 599 S100
S9g s e -
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895
S94 LS y
> gs I
S92 372/ ;
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The random reproduction is achieved by a conbination 15 i ncl udi ng
repetitions. Therefore, the randomreproduction is achi eved by

del eting the check of the random nunber list from the flowchart of
Fig.15. Fig.16 shows the flowchart w thout t he check of the random
nunber 1|ist. <St andard reproduction> 20 For the
standard reproduction, the VOBs are reproduced in order as they are
witten in the VOB address information tabl e. For this purpose,
only steps 156 to 157 in the flowchart of Fig.14 are required.

At this stage, if the user selects "nmake your waist 25 slim" a series
of shots of the instructor noving around with rhyt hm cal steps,
raising right leg high, raising left |eg

43 hi gh, and quping e reproduced in succession. That
is, if the PGC i nformation ré?%onding to "make your arms slim is
read by the reproduction apparatus, the exercises of arns are

sel ected at random and di spl aye the screen. If the PCC

t
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5 i nformation corresponding to "nmake your waist slinf is read by

the reproduction apparatus, the exercises of waist are selected at
random and di spl ayed on the screen. As apparent fromthe
above description, in the present enbodi ment, each of the courses
such as make your arnms slinm 10 and "make your wai st slim corresponds
to a piece of PCGC i nformati on. A piece of PGC information
specifies a reproduction order so that exercises for each course
are sel ected at random and reproduced. Therefore, if the user

sel ects course, concerned exercises are reproduced at random 15 Wth
this random reproduction, the user can enjoy different orders of
exerci ses every norning. This refreshes the user every norning and
makes the user exercise with fresh_feeling for the courses.

In the present enbodi nent, a VOB lElg 3Bsists of a GOP. 20 It is
needl ess to say that if the stored nbving pictures have a
reproduction tinme of about a se unit may consi st of two

or three GOPs with very short peproductiion fine. In this case, a
managenent information pack ig $et before spch a plurality of
corisecuti ve GOPs.TRAEKmnagefent informatiop pack 25 is effective for
the plurality of S. In the present enbodinment, the digita
novi ng picture 44
LEAD-IN
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- VIDEO
VOLUME MANAGER
MANAGEMENT
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Ar_’////——_-SE?T
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~ SET
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data under MPE&R is used for the noving picture data. However,

ki nds of noving picture data such as the digital

under MPEGL and the digital
al gorithm ot her than DCT (D screte Cosine
be used as far as the noving picture

novi ng picture data

5

Transforn) under

novi ng

ot her

pi cture data
with a conversion

MPEG may

data can formthe nulti nedi a

data with the audio data and the sub- pi cture dat a. I n
the present enbodi ment, the _nmanagenent information packs are
i ncluded in VOBUs in uf™=s"0T] GOPs, [yeffig]t he ufl 0  of roquci ng
nmoving picture data.—towevery it es Ho say- -1 the
nmet hod for conpressi nb mgﬁgt noyi di b tour@s chan‘;esp..ﬂlue unit of
t he managenent i nforrrati??wmp k ngeg &Bdi ng to ression
met hod. Nowy G pret hod odudi 1%6‘;1 qpticali gi sed in
the 15 present enbpdigedt |s deés THe| edi<Cor] has| tloupr€pdre
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digitized and | oaded into a nonlinear editing machine.
creates nenus and itens using application prograns such

edi t or

| oaded in the editing nachine,

repr oduci ng

The

20

edi tor

as a graphic
pi ctures and

sounds frane by frane. The editor also creates managemnent
i nf ormati on packs having highlight commands by using a QU generator
and the like. Then, the editor encodes the 25 above data under MPEG to
creat'e nmoving picture ) L0 data, sub-picture data, and
managenent i nformati pfi=pa¢i. . Them : 45
the editor creates es Adﬁit ant VOBs by using the nonlinear
edi ti ng machi ne. he@@ﬁ'g; =S nunbers to the VOBs. Al so, the
editor creates PGH i nfor gt #1, #A2, #3, ..., #n, video title set
unit title search jpoi nter[tablle, and]'yi deo 5 ti 4T mana
i nf or mati on. Thel edi t @f ng s thege », pi eces :EE i ntof a ry
in a workstation. <’: &éé The dat‘q is convelX ¢ 0 | ogifcht a
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10 then converted to physical data sequences. The physi cal
sequences include volune data with ECC (Error Check Code), E-
conversion, data in the lead-in area and | ead-out area. A
optical disk is produced by using the physical data
Then, copies of the master optical disk are 15
pressi ng nmachi ne. conventi onal
be used for manuf act uri ng the above-constructed opti cal
a part of | oghkcal
the present inventiom_ Concerning®g3his point, please refer to

dat a
F
mast er

sequences.
manuf actured by using a

CD manuf acturi ng machi nes may
di sk except
data sequences related to the data construction of
20
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such changes and nodifications depart fromthe scope of the

i nventi on,

t hey shoul d be construed as being included

Fig. 7A

pr esent
t her ei n.
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A7 VWhat is clainmed is: 1 1. Amltinmedia optical

di sc conprising a data area and an 2 I ndex area, 3 t he
data area conprising 4 a plurality of objects each of which

i ncl udes vi deo 5 data, and 6 the index area conprising 7

a plurality of sub-areas each of which includes 8 addresses of
objects selected fromthe plurality of objects 9 stored in the data
area, a flag indicating a random 10 reproduction of the objects

sel ected, and a nunber of repeats 11 of the random reproducti on. 1
2. The nmultinmedia optical disc of claiml1, wherein

Fig. 8

VOB#1 |RHYTMICAL STEPS

VOB#2 |RAISERIGHT LEG, LEFT LEG

VOB#3 |TWIST WAIST WITH ARMS OUTSTRETCHED HORIZONTALLY
VOB#4 (JUMP |

VOB#5 |STRETCH OUT ARMS AND SWING IN FRONT OF BODY
VOB#6 |TWIST WAIST

VOB#7 |BEND FORWARD

VOB#8 |STRETCH OUT ARMS AND LET SWING
VOB#9 |JUMP WITH RAISED KNEES

VOB 30




2 each of the plurality of sub-areas further includes a 3 flag

I ndi cating whether to prohibit a redundant use of objects 4 at the
random r epr oducti on. 1 3. The multinedia optical disc of claim 2,
further conprising 2 a reproduction area for storing data for

reproducing a 3 menu which is to be displayed first on a display of a 4

reproducti on apparatus, wherein the data for reproducing a 5 menu

i ncludes a plurality of nenu itens which respectively 6 correspond to
 di

the plurality of sub-areas. 1 4. The nul tinedia opti claim
3, wherein 48 2
t he .reproducti on éiea further cdnprise§ magagenents 3 I nf ogymat i pn
wherein the managet®nt |inforngtion incluges a| 4 plurality of]
identifiers of thetplufality @f nmgnu itees and a 5 eaplurali 4 wf
addresses of the pigrality offﬂsub-areas.ﬂ ﬁ ,_,'_U_-]‘
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1 5. The multinedia optical disc of claim4, conprising 2 a
first transparent substrate and a second transparent 3 substrate which
are bonded with an information layer in 4 bet ween, each of the first
transparent substrate and the second 5 transparent substrate having a

t hi ckness range of 0.5nmto 6 0.7nm and the information |ayer including
the index area and 7 the data area. 1 6. The nultinmedia optical
disc 'of claiml1l, wherein 2 the index area further conprises a
certain sub-area 3 whi ch includes certain addresses of certain objects
selected 4 fromthe plurality of objects stored in the data area,
wherein 5 the certain addresses are aligned in ord of reproduction.

1 7. The nmultinedia optical disc of claim®6, furth onprising 2

a reproduction area for storing data for reproducing 3 initial nmenu
which is to be displayed first on a display of a 4 roducti on
apparatus, wherein the data for reproducing a 5 f ncl udes a
plurality of menu itenms which respectively 6 corregpgnd to the plurality
of sub-areas. - 49

Fig. 10
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1 8. The multinedia optical disc of claim?7, conprising 2 a

first transparent substrate and a second transparent 3 substrate

whi ch are bonded with an information [ayer in 4 bet ween, each of the
first transparent substrate and the second 5 transparent substrate
havi ng a thickness range of 0.5mmto 6 0.7mm and the information

| ayer including the index area and 7 the data area. 1 9. A
mul tkmedi a optical disc conprising a data area and an 2 i ndex ar ea,
3 the data area conpri sing 4 a plurality of objects
each of which includes at |east 5 vigdeo data, arngk 6 t he
I ndex area conpri sing: 7 a upal i ty of Eﬁﬁ@t sub- areas each
of which i ncl udes 8 addr esses of objtect|s sel ect fifromthe plurality
of objects 9 according to a first st@ndard, a fl@gj}indicating a random

10 reproduction of the objects selecte@g gnd a nunqgr of repeats 11 of

t he random reproducti on; and ) A
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12 a plurality of second sub-areas each of which includes 13
addresses of objects selected fromthe plurality of objects 14 accordi ng
to a second standard, a flag indicating a random 15 reproduction of the
obj ects selected, and a nunber of repeats 16 of the random reproduction.
1 "10. The nultinmedia optical disc of claim9, wherein

50 2 each of the plurality of first sub-areas and the
3 .plurality of second sub-areas further includes a flag 4

i ndi cati ng whether to prohibit a redundant use of objects at 5 t he

random r epr oducti on. 1 11. The multinedi a optical disc of claim 10,
further conprising 2 a reproduction area for storing data for
reproducing a 3 menu _which is to be displaved firsi _on a.display of a 4
reproducti on apparat Js, mherein(ghe data for reproducing a nenu p
includes a pluralitly of nmena itens which respectively
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6 correspond to the plurality of sub-areas. ., 1 12. The multinmedi a
optical disc of claim1ll, wherein 2 the reproduction area further
conpri ses nmanagenent 3 i nformati on, wherein the managenent information
includes a 4 plurality of identifiers of the plurality of nmenu items and
a b5 plurality of addresses of the plurality of sub-areas. 1 13. The
mul timedia optical disc of claim12, conprising 2 a first
transparent substrate and a second transparent 3 substrate which are
bonded with an information |layer in 4 bet ween, each of the first
transparent substrate and the second 5 transparent substrate having a

t hi ckness range of 0.5mmto 6 0.7 .anqléhe I nformation | ayer including
the index area and 7 the data area.f'1g.

51 1 14. A reproduction apparatus for reproducing a

mul ti nmedi a

( START )

STEP12 %\I
DISC INSERTED?

Yes STEP122

MECHANISM CONTROL UNIT, SIGNAL
PROCESSING UNIT CONTROLLED
VIDEO MANAGER READ

v

REPRODUCTION OF SET OF
PGCS FOR VOLUME MENU

Y

REPRODUCTION OF SET OF | |STEP124
PGCS FOR TITLE MENU
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STEP125
No

Yes STEP126

MECHANISM CONTROL UNIT, SIGNAL PROCESSING
UNIT CONTROLLED. VIDEO TITLE SET MANAGEMENT
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Y I STEP127

PGC INFORMATION IN ENTRY FOR SELECTED
TITLE STORED IN PGC INFORMATION BUFFER

¥

PROGRAM CHAIN REPRODUCTION
PROCESS CALLED

l STEP128




2 optical disc, the multinedia optical disc conprising a data 3 area

and an index area, the data area conprising a plurality 4 of objects
each of which includes video data, and the index 5 area conprising a
plurality of sub-areas each of which includes 6  addresses of objects

sel ected fromthe plurality of objects 7 stored in the data area,

a flag indicating a random 8 reproduction of the objects sel ected,
and .a nunber of repeats 9 of the random reproduction, wherein 10

t he reproduction apparatus conprises: 11 an optical pickup for
optically reading the plurality 12 of objects fromthe multinedi a
optical disc; 13 an optical disc driving nmechanismfor driving
the 14 mul ti media optical disc so that the optical pickup noves to a 15
desired area on the multinedia optical disc; 16 an AV decoder
for decoding the video data in the read 17 objects; 18 first
controlling neans for cont4glli the optical 19 di sc driving nechani sm
so that contents of a desi ég-sﬂg'-area 20 are read; 21

random nunber generating neans for generating random 22 nunbers,
wherein the random nunber generating neans is 23 activated

according to the flag nd| €3 g a random 24 reproduction incl uded
in the read contents of EMJ sub-

STEP140

READ FROM PGC INFORMATION

PGC REPRODUCTION MODE - r

STEP141

IS BIT PATTERN IN Yes
SECOND FIELD

“0000000" 2.

_ STEP143
STANDARD REPRODUCTION l

STEP142 é

IS BIT PATTERN 1
IN SECOND FIELD
_ STEP144
0 SHUFFLE REPRODUCTION| l

_STEP145
RANDOM REPRODUCTION I

@

END




25 area; 26 first address reading neans for reading at |east
one 52 27 address from
t he addresses included in the desired sub-area by 28 usi ng the
generated random nunbers; and 29 a second controlling nmeans for
controlling the optical 30 di sc driving nechani smand the video decoder
so that objects 31 corresponding to the read address are reproduced.

1 »15. The.reproduction apparatus of claim 14, further conmprising: 2

a counter for counting generati onse-ef EE don1nunbers by 3 setting the
nunber of repeats of the randon1r25® I on descrlbed in the desired

sub-area as an upper |i SWH&%&EBR@%WIO count
val ue judgi ng neans for val ue o unt er
exceeds the ) randomnurrkrﬁjgféﬁlnsﬁprat ed,

wherein the 1QRROIFIEEENO?OF CYVCLES mzmwemamat ed repeatddly
unl ess the cowh TYERN OF SECOND FIELD AND STORED IN COUNTBR

RANDOM NUMBER LIST CLEARED |~ STEP151

< __STEP152

RANDOM NUMBER r RANGING FROM 1 TO TOTAL NO.
n OF VOBs GENERATED (0<r<n-+1)

STEP153
IS RANDOM REGENERATION
NUMBER r STORED IN RANDOM
NUMBER LIST?

T _NOTSTORED . STEP154
STORAGE VOB ADDRESS INFORMATION NO. r WHICH IS D]

IN rTH POSITION IN VOB ADDRESS INFORMATION TABLE REA

_~ STEP155

INDICATION GIVEN TO OPTICAL DISC DRIVE CONTROLLING
UNIT 83 TO MOVE OPTICAL PICKUP TO LOGICAL BLOCK
WHICH IS THE STORAGE STARTING POSITION OF VOB DATA
OFFSET STORED IN VOB ADDRESS INFORMATION NO. r

-~ STEP156

/LOOP REPEATED FOR NUMBER OF BLOCKS GIVEN IN
“NO. OF BLOCKS” IN VOB ADDRESS INFORMATION

-~ STEP157

DATA IN LOGICAL BLOCK # k READ USING OPTICAL
PICKUP, SIGNAL PROCESSING UNIT

k LOGICAL BLOCK % k CHANGED TO _ )
NEXT LOGICAL BLOCK
~ STEP158
RANDOM NUMBER r STORED IN RANDOM NUMBER LIST]|
_STEP159

SPECIFIED NO. OF CYCLES k REDUCED BY ONE

STEP160
IS SPECIFIED NO. OF
CYCLES k >02?

No

Yes




‘10 exceeds the upper Iimt val ue. 1 16. The reproduction apparatus
of claim15, further conprising: 2 flag judging neans for
judging whether the flag 3 i ndicating a random reproduction is
included in the read 4 contents of the desired sub-area; 5

second address readi ng nmeans for reading the addresses 6 fromthe
desired sub-area if the flag is not included in the 7 read contents; 8
managi ng neans for activating the randon1 nunber 9 generati ng
means if the flag is included in kg? r contents

53 10 and activati econd address reading neans if the
flag is 11 not included in the read contents, wherein the second
12 control ling neang ‘ o §riving nmechanism 13

and the video decoder s® :

ass “vakal: S recel from
both of the first address readlnq nedns and t he second %fﬁgﬁé%g%s

reading meansPRETHIEDHNE. GF CHELES RERDPERGM BIT
PATTERN OF SECOND FIELD AND STORED IN COUNTER

<
<

~ STEP152

RANDOM NUMBER r RANGING FROM 1 TO TOTAL NO.
n OF VOBs GENERATED (0<r<n+1)

~ STEP154

STORAGE VOB ADDRESS INFORMATION NO. r WHICH IS
IN 1TH POSITION IN VOB ADDRESS INFORMATION TABLE READ

~ STEP155

INDICATION GIVEN TO OPTICAL DISC DRIVE CONTROLLING
UNIT 83 TO MOVE OPTICAL PICKUP TO LOGICAL BLOCK
WHICH IS THE STORAGE STARTING POSITION OF VOB DATA
OFFSET STORED IN VOB ADDRESS INFORMATION NO. r

~ STEP156

/’LOOP REPEATED FOR NUMBER OF BLOCKS GIVEN IN
“NO. OF BLOCKS” IN VOB ADDRESS INFORMATION

_ STEP157
DATA IN LOGICAL BLOCK #k READ USING OPTICALI

PICKUP, SIGNAL PROCESSING UNIT

| LOGICAL BLOCK # k CHANGED TO |
NEXT LOGICAL BLOCK
_ STEP158
SPECIFIED NO. OF CYCLES k REDUCED BY ONE

Yes

IS SPECIFIED NO. OF
CYCLES k >02?




-1 17. The reproduction apparatus of claim 16, wherein 2 t he

mul timedia optical disc further conprises 3 a reproduction area
for storing data for reproducing a 4 menu which is to be displayed first
on a display of a 5 reproducti on apparatus, wherein the data for
reproducing a 6 menu includes a plurality of nenu itens which
respectively 7 correspond to the plurality of sub-areas, wherein 8
the reproduction area further conprises managenent 9 i nformation

wherei n the managenent information irjﬁ- defgp 10 plurality of
identifiers of the plurality of nenu ﬁéhs nd a 11 plurality of
addresses of the plruaralrty of sSub-areas, wierernm  IZ g
reproducti on apparatus further conprises; menu itemjreceiving
nmeans for recelving a desired nmenu 14 ected fromthelnmenu; and
15 thyrd address reading nea oo d ring to the} 16
managenent i nfprmation and reading a a dr-i”wﬁy sponding to 1£ t he

desired nenu ifem wherein the first cént g neans 18 confrol s the

optical disc dyiving nechani decoder so th#at at | east
one object is fyeproduced bas
54




- 20 read address. 1 18. A reproduction nmethod for reproducing a

plurality of 2 obj ects based on a plurality pieces of reproduction
cont rol 3 i nformati on, wherein each of the plurality of objects

i ngl udes 4 video data, wherein each of the plurality pieces of
5 reproduction control information includes a set of identifiers 6
each of which corresponding to an object, a flag, and a nunber 7 of
reproduction repeats, wherein 8 t he reproduction net hod

conpri si ng: 9 a first reading step for reading a piece of the
10 plurality pieces of reproductlﬁﬁ_ 3f}ol information; 11 a

random nunber generating step for generatlng a random 12 nunber
accordi ng o onmanmg—of o theag—Tctroded—T T the 13— prece pf
reproductifon control information read jn-the first 14 readi ng step; 15
a determning step for determning gm ' anong 16 t he set] of

I dentifier{s by using the random nugber ratted 17 in the rand

nunber gerjerating step; 18 G ¢ reading step for reagrhg an
obj ect spqcified




19 by the identifier determned in the determ ning step; 20 a
decodi ng step for decoding the video data included in 21 the read
object; and 22 a repeating step for activating the random nunber
23 generating step repeatedly based on the nunber of reproduction 24
repeats included in the piece of reproduction control

55 25 Information read in the first reading step.

Fig. 18




Fig. 20

lVIDEO MANAGER | MENU PGC MANAGEMENT INFORMATION TABLE

. |TITLE SEARCH POINTER TABLE

“ JMENU VIDEO OBJECT

Fig. 21

MENU

THANK YOU FOR BUYING THIS DISC.
PLEASE SELECT A TITLE FROM THE MENU BELOW.} -
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