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THE | NVENTI ON The field of the present invention pertains to
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FIELD OF THE INVENTION
The field of the present invention pertains to audio-video systems. More particularly,

R T

3 the present invention pertains to interfacing audio-visual media devices via an IEEE 1394 bus

using industry standard AV/C protocols.
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A typical home audio-visual equipment setup includes a number of components. For

example, a radio receiver, a CD player, a pair of speakers, a television, a VCR, a tape deck,

0 and alike. Each of these components is connected to each other via a set of wires. One |
component is usually the central component of the home audiovisual system. This is usuaily
the radio receiver, or the tuner. The tuner has a number of specific inputs for coupling the
other co'mponents. The tuner has a corresponding number of control buttons or control
switches which provide a limited degree of controllability and inter-operability for the

5 " components. The control buttons and control switches are usually located on the front of the
tuner. In many cases, some or all of these buttons and switches are dupl;lcated on a hand-held
remote control unit. A user controls the home audiovisual system by manipulating the
buttons and switches on the front of the tuner or, alternatively, manipulating buttons on the

hand-held remote control unit.

20 This conventional home audiovisual system paradigm has become quite popular. As
the number of new consumer electronics devices for the home audiovisual system has grown
and as the sophistication and capabilities of these devices have increased, a number of
problems with the conventional paradigm have emerged. One such problem is incompatibility
between devices in the home audiovisual system. Consumer electronic devices from one

25 manufacturer often couple to an audiovisual system in a different manner than similar devices

from another manufacturer.

For example, a multi-disc DVD player made by one manufacturer may not properly
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and alike. Each of these conponents is connected to each other via a set of
wires. One conponent is usually the central conponent of the hone

audi ovi sual system This is usually the radio receiver, or the tuner. The
tuner has_a nunber of specific inputs for coupling the other conponents.
The t undYORYY988 correspondi ng nunber of control buttons oFCTHMMBAS02swi t ches
which provide a limted degree of cont 2ol | abi | i ty and inter-operability for
t he components. The control buttons and contro] sw tches are usuall
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on the hand-held renpote control unit. Thi s conventi onal hone

audi ovi B@¥nothesesshiepuithsimgler.Hess spphistinates telexisionpar eable decoders. nunber of new
consuner electronics devices for the hone audi ovi sual system has grown and
as the sophistication and capabilities of these devices have increased, a

nugber of pr iR AVWaidioividgal) systans whith indiileantildistpleyer devigRdre One such
problemis inconpatibility between devices in the hone audiqvi sual -system
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audi ovi sal SYRLGTh Robsd! hd: 2 Eble TARLAre s Shal e SFph&Siisd (cqy anot her
players on the market that can hold 200 CDs or more. Considering the fact that a typical CD
may include 10 or more individual “tracks” (e.g., songs), a fully loaded multi-disc player can
10 present the user with an extremely large, virtually indecipherable mountain of information.
This problem may be made even more difficult given the fact that there may be no intuitive,
readily usable way to access the various tracks with any other remote control (e.g., the

tuner’s remote control) of the home AV system.

“While the emergence of networking and interface technology (e.g., IEEE 1394 sériai
15 communication bus and the wide spread adoption of digital systems) offers prospe’c“:t's'fo_r "
correcting the above problems, there is still no coherent, open, extensible architecturé which
can provide for intelligent content navigation and selection with multi-disc player devices.
There is no system for keeping a user informed by providing status reporting and notification
between devices within a home AV system. As IEEE 1394 technology spreads across
20 product lines, it is necessary to define logical models and command sets for various devices or

functional groups such as VCR’s and multi-disc players.
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For exanple, the multi-disc player m ght not incorporate hardware (e.g,
speci fi c womglogessnd out puts) which enables the nore sophi spicgaisegdggsICt i ons
of the nulti-disc DVD player to be used M th devices nmade by ot her

manuf actures. As such, these functions nay not be usable with sinpler, |ess
sophi st i caMMARE! @V i BHENENVI pblre decoders. Eur opean Patent
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5 installed, etc.). What is required is 2 model which supports enhancements to the AV/C

protocol for content navigation and selection, providing both a detailed and a general
abstraction of content discovery and description, and allowing for a range of contréll.ers. (f;om
very simple to very complex) to make use of its features. What is required is a model that
supports status reporting and notification mechanisms so that controllers are aware of what is

10 occurring within the device, thus keeping the user informed. This is especially important in a
distributed network environment where the device may be in a closet or a different room of
the house from the controller/user. The present invention is a method and system that

satisfies the above requirements.

In a typical embodiment, such as, for eiample, a home AV network including a

15 plurality of devices coupled via an IEEE 1394 bus, the present invention comprises a system
for accessing a media changer mechanism. The multi-item (e.g., multi-disc) media changer
stores a plurality of media discs and can select any of the plurality of media discs. A media
changer mechanism having a plurality of slots for storing the plurality of media discs may be
included within the multi-disc media player. Alternatively, the media changer mechanism may

20 be a “stand alone” device that is attached to a separate player device (or perhaps merely
located near the player device). A computer system is built into to the multi-disc media
player. A software-based media changer model executes on the computer system, and in
turn, causes the computer system to implement a method of accessing the media changer
mechanism. In so doing, the computer system interfaces with a plurality of devices coupled

25 to the multi-disc media player via an IEEE 1394 communications link of an IEEE 1394 based
network and provides a standardized command set for the media changer mechanism. The
media changer model provides a set of standardized commands that allow the plurality of
devices on the network to access the media changer mechanism and access any of the

plurality of media discs stored therein.

30 In this manner, the present invention provides a model which is media type
independent and, thereby, supports any type of media (CD’s, MiniDiscs, DVCR video tapes,

~ . —
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Eur opean Patent Application No. EP-A-0658010 discloses a systemfor
transferring control and data signals over a bus in a network environnment
wi t hout the need for a master controller. Hone AV (audi o-vi sual)
systens which include nmulti-disc player devices are particul arl
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player is able to contain and access. Pbr exanple, there are several .
mul ti-disc conpact disc (CD) players on the market that can hold 200 CDs or
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that th may be no intuitive, readily usable way to access the various
tracks wibstraction oftchatent disaniverycandtdestriptiongand allnwing foe p rangeofsertrellert iam  of

he_h AV , Vi, | he. " ' . .
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above pro ere Is st o coherent, open, extensible architecture
whi ch caawgre of iwdiet i occurring withincthe dedioe, shus kegping the wasr inflermed} ecti on with
mul ti-di sc player devices. There is no system for keeping a user inforned
by providing status reporting and notification between devices within a

home AV syst effhe fddiiFthe pretent RVERRI QPSS fid&on&ept 86 fedia collections, which

could be removable cartridges holding some number of discs or tapes, or any other storage

10 item, such as PCMCIA cards that store audio or video data. These collections may be
identified and independently manipulated. Thus, it is possible to have a very large number of
discs, tapes, etc. in a media library and to be able to access them (the number of slots in the

media changer is not a limitation to the number of discs or tapes that could be supported).

‘The model of the present invention supports any number of drives from a single media
15 changer; thus, the changer can select a piece of media and position it in any “load position”
for installation in a drive. The number of load positions, and hence the number of drives that
can be supporte the implementation is left to the product manufacturer. The specification
defines several data structures for media type description (how to describe a CD, a DVD disc,
etc.), for the contents of the media (titles for each track on a disc, the duration of each track,
20 etc.), and for status reporting and notification. These data structures could be modified in any
number of ways to include or exclude various pieces of information which may or may not be

available depending on the media and the capabilities built into the media changer subunit.
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product lines, it is necessary to define |ogical nodels and conmmand sets
for various devices or functional groups such as VCR s and nulti-disc
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cont ent |s overy an tion for a range of contro
(from elements amdrip whietpl e to very conplex) to nake use of its features.

What is required is a nodel that supports status reporting and
notification nmechanisns so that controllers are aware of what is
5 Figure 1A shows a computer system environment of the present invention.

Figure 1B shows a home audio visual network in accordance with one embodiment of

the present invention,

Figure 1C shows a multi-disc DVD player in accordance with one embodiment of the

present invention.

10 Figure 2A shows a diagram illustrating the relationship between a media changer

subunit and the drives it supports.
Figure 2B shows a cartridge from Figure 2A with no discs stored in its slots.

Figure 2C shows a carousel based media changer subunit in accordance with one

embodiment of the present invention.

15 Figure 3 shows a table illustrating the general subunit identifier structure of the

present invention.

Figure 4 shows -a table illustrating the subunit_dependent_information field for a

media changer subunit model of the present invention.

Figure 5 shows a table illustrating the specifications of the various media types in

20 accordance with one embodiment of the present invention.

Figure 6 shows a table illustrating the currently defined form factors of the present

invention.
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Figure 11 shows a table illustrating the slot list_specific_information field from the

table of Figure 8.

10 Figure 12 shows a table illustrating the last_update field in accordance with one

embodiment of the present invention.

Figure 13 shows a table illustrating the format of the empty_slots field in accordance

with one embodiment of the present invention.

Figure 14 shows a table illustrating the entry_specific_information field in the slot

15 object list descriptor in accordance with one embodiment of the pre.

Figure 16 shows a table illustrating the disc media definitions in accordance with one

embodiment of the present invention.

Figure 17 shows a table illustrating the media changer subunit model commands of the

present invention.

20 Figure 18 shows a table illustrating the IMPORT MEDIA command of the present

invention of Figure 17.

Figure 19 shows a table illustrating the various response types of the response status




plurality of nmedia discs stored therein. 30 In this manner, the

present invention provides a nodel which is nedia type | ndependent
and, thereby, supports any type of nedia (CD's, M niDiscs, DVCR video
t apes, WO99/06998 4 DAT TapesPCBUSHI/1S6pS,

etc.) in any conbi nation (a changer may7have CD and DVD discs installed,
etc.). The nodel of the present invention supports enhancenents to the AV/C
pr ot ocol offtbe presentdnventioni gat i on and sel ecti on, providing both a detaided
and a general abstraction of content discovery and description, and
allowing for a range of controllers (fromvery sinple to very conplex) to

meke use of i Fpubet sHows a table Mittrhtin the EXPOREMEDIA control command from the
table of Figure 17.

Figure 21 shows a table illustrating the LOAD MEDIA control command from the
5 table of Figure 17.

Figure 22 shows a table illustrating the UNLOAD MEDIA control command from the
table of Figure 17.

Figure 23 shows a flow chart of the steps of an exemplary interface process between a

media changer subunit and devnt of the present invention.
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mte%QeJ to cover altema{gves modifications and equivalents, which may be included within

the spirit and scope of the invention as defined by the appended claims. Furthermore, in the
following detailed description of the present invention, numerous specific details are set forth
in order to provide a thorough understanding of the present invention. However, it will be
10 obvious to one of ordinary skill in the art that the present invention may be practiced without
these specific details. In other instances, well known methods, procedures, components, and
circuits have not been described in detail as not to unnecessarily obscure aspects of the

present invention.

The present invention provides a model which .is media type independent and thereby
15 supports any type of media (CD’s, MiniDiscs, DVCR video tapes, DAT Tapes, 8 mm tapes,
etc.) in any combination (a changer may have CD and DVD discs installed, etc.). The model
of the present invention supports enhancements to the AV/C protocol for content navigation
and selection, providing both a detailed and a general abstraction of content discovery and
description, and allowing for a range of controllers (from very simple to very complex) to
20 make use of its features. In addition, the present invention includes support for status
reporting and notification mechanisms so that controllers are aware of what is occurring

within the device, thus keeping the user informed.

NOTATION AND NOMENCIATURE
Some portions of the detailed descriptions which follow are presented in terms of
25 procedures, steps, logic blocks, processing, and other symbolic representations of operations
on data bits within a computer memory. These descriptions and representations are the
means used by those skilled in the data processing arts to convey most effectively the
substance of their work to others skilled in the art. A procedure, computer executed step,
logic block, process, etc., are here, and generally, conceived to be self-consistent sequences
30 of steps or instructions leading to a desired result. The steps are those requiring physical

manipulations of physical quantities. Usually, though not necessarily, these quantities take the



only by the particular inplenmentation. Further, the nodel of the
present invention is defined by a technical specification in which the

i npl ementation is left to the product manufacturer. The specification
defines spyepeésegat a structures for nedia type descripti onpihRriged/epescri be
a CD, a DVD disc, etc.), for the contenigs of the nedia (titles for each
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REPL ACE for reasons of common usage to refer to these signals as bits, values,

elements, symbols, characters, terms, numbers, or the like.

5 It should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quantities and are merely convenient labels applied to
these quantities. Unless specifically stated otherwise as apparent from the following
discussions, it is appreciated that throughout the present invention, discussions utilizing terms
such as "processing,”" "computing," "translating," "instantiating," "determining," "displaying,"

10 “recognizing,” or the like, refer to the action and processes of a computer system, or similar
electronic computing device, that manipulates and transforms data represented as physical
(electronic) quantities within the computer system's registers and memories into other data
similarly represented as physical quantities within the computer system registers or memories

or other such information storage, transmission, or display devices.

15 COMPUTER SYSTEM ENVIRONMENT
Referring to Figure 1A, a computer system 112 is illustrated. Within the
following discussions of the present invention, certain processes and steps are
discussed that are realized, in one embodiment, as a series of instructions (e.g.,
software program) that reside within computer readable memory units of system
20 112 and executed by processors of system 112. When executed, the instructions
cause the computer system 112 to perform specific actions and exhibit specific

behavior which is described in detail as follows.

In general, computer system 112 used by the present invention comprises
an address/data bus 100 for communicating information, one or more central
25 processors 101 coupled with bus 100 for processing information and instructions, a
computer readable volatile memory unit 102 (e.g., random access memory, static
RAM, dynamic RAM, etc.) coupled with bus 100 for storing information and
instructions for central processor(s) 101, a computer readable non-volatile memory

unit {(e.g., read only memory, programmable ROM, flash memory, EPROM,



5 BRI EF DESCRI PTI ON OF THE DRAW NGS The present

invention is illustrated by way of exanple and not by way of limtation, in

the figures of the acconpanying drawi ngs and in which |ike reference
nunerals refer to simlar el ements and in which: 5

Fi gure 1 AYERS 675 conput er system environnment of the preseRCTIUSIIR6DDN.
Fi gure 1B shows a hone audi o visual ®etwork in accordance with one

enbodi ma%(ﬁf the present invention. ) Figure 1C
shows a RREROM; ste.)soppled ithrbus 100 fercstoring-satiq informationansbdi nent  of t he

present EyapfiéYor central processor(s) 101. System 112 can optionally include a
mass storage computer readable data storage device 104, such as a magnetic or
optical disk and disk drive coupled with bus 100, for storing information and

5 instructions. Optionally, system 112 can also include a display device 105 coupled
to bus 100 for displaying information to the computer user, an alphanumeric input
device 106 including alphanumeric and function keys coupled to bus 100 for
communicating information and command selections to central processor(s) 101, a

cursor control device 107 coupled to the bus for communicating user input

10 information and command selections to central processor(s) 101, and a signal
input/output device 108 coupled to bus 100 for communicating messages, This Sheet Has Been Re
command selections, data, etc. to and from central processor(s) 101. “",I” ’I"" ml m

With reference now to Figure 1B, a home AV network 120 in accordance with '
one embodiment of the present invention is shown. Network 120 includes 6 devices: a'
15 television 121, a receiver 122, a multi-disc DVD player 123, a CD unit 124, a set top
box 125, and a video camera 126. Each of the devices 121-126 is communicatively
coupled via respective IEEE 1394 bus links 130a through 130e to form a single
network, wherein each device on the network can communicate with any other device
on the network (e.g., in accordance with well known IEEE 1394 bus protocols). While
20 network 120 is shown including 6 devices, it is understood that network 120 is suited

to include any number of devices, up to the limits of the particular bus technology.

The IEEE 1394 serial bus used by network 120 of Figure 1 is a high-speed bus -
architecture for interconnecting digital devices thereby providing a universal
input/output connection. The IEEE 1394 standard defines a digital interface for the

25 applications thereby eliminating the need for an application to covert digital data to
analog data before it is transmitted across the bus. Correspondingly, a receiving
application receives digital data from the bus, not analog data, and therefore is not
required to covert analog data to digital data. The cable required by the IEEE 1394
standard is very thin in size compared to other bulkier cables used to connect such

30 devices. Devices can be added and removed from an IEEE 1394 bus while the bus is

active. If a device is so added or removed, the bus automatically reconfigures itself for

]




10 Fi OB Eshabas diagramillustrating the relationship
between a nedi a chany ﬁHaS%gsRep Bunit and the drives it supports.

Fi gure 2B shows a c?ﬂml”mmmm Figure 2A with no discs stored inits
slots.  wo 99/06998 shows a carousel based mmagliessshsssger

subunit in accordance with one 11 enbodi nent of the present invention.
1g . Fi gureaf shows a table illustrating the general subunit
i denti fion it Hita Befleeh e then existingPhGRENA dd¥ @ édriidered a logical entity -~
Fi gure 1 sﬁowshg table | Pll ustrating ﬁe subunit dependent i %lf or r!r‘em on field

1;: or a 5havirx]1g a uniqliecaddness ga theshusistructune dBachafode ipeovidesaondentifioationi on..
igure 5 shows a taple illustrating the specifications of the various nedia
types i rRQM’aSta"Qé'%g?eﬂéﬁE%qufrﬁ{W %ﬁﬁ&gﬁ%‘ﬁ?a ¥ R34t esent i nvent on.

The IEEE 1394 communication standard of network 120 of Figure 1B supports
5 isochronous data transfers of digital encoded information. Isochronous data transfers
are real-time transfers which take place such that the time intervals between significant .
instances have the same duration at both the transmitting and receiving applications.
Each packet of data transferred isochronously is transferred in its own time period. An
example of an application for the transfer of data isochronously is from a set top box
10 125 to a television 121, The set top box 125 receives the video stream from a cable
company and divides the stream into discrete packets. The set top box 125 then
transfers each packet, representing the images and sounds recorded over a limited time
period, during that time period, for display by the television 121. The IEEE 1394
standard bus architecture provides multiple channels for isochronous data transfers
15 between applications. Specifically, a six bit channel number is broadcast with the data
to ensure reception by the appropriate application. This allows multiple applications to
simultaneously transmit isochronous data across the bus structure. Asynchronous
transfers are traditional data transfer operations which take place as soon as possible

and transfer an amount of data from a source to a destination.

20 It should be appreciated that the present invention is equally well suited for
home audio visual networks based upon other well known network or bus standards
besindes IEEE 1394. Such standards include, for example, ethernet, universal serial -
bus, token ring, and the like. Accordingly, the IEEE 1394 structure of network 120 is

shown and described herein as an example bus architecture only.

25 As described above, the present invention provides a software data structure
which abstracts the functionality of a device on the network and provides a
standardized method and system for interacting with the device and for controlling,
using, invoking, etc., the functionality of the device. Particularly, the present invention
provides a standardized data structure for interacting with disc-based media changers

30 (e.g., Multi-disc DVD player 123) and other such media changers. This data structure




Figure 6 shows a table illustrating the currently defined formfactors of
t he present I nventi on. 6
Figure 7 shows a table illustrating the object lists defined by the nedia

bl e 1 (THRRRE g The gener al avi C sot Tist data structirECSRRRE b esent
i nventi on.
is referred to herein as a “model.” As its name implies, a model in accordance with the
present invention abstracts the features and functionality of a device, thereby providing
a means of interacting with the device which is media type independent and which is |
compatible with a wide range of “controller devices,” such as, for example, receiver
5 122 or set top box 125. The device model of the present invention is instantiated within
a computer system which is typically embedded within the device itself. A Multi-disc
DVD player 123 and its embedded computer system 112 are described in Figure 1C

below.

Figure 1C shows a multi-disc DVD player 123 in accordance with one
10 embodiment of the present invention. As described above, multi-disc DVD player 123
includes computer system 112 embedded within its internal electronics. Instantiated
within computer system 112 is a media changer subunit mode! 150 in accordance with
one embodiment of the present invention and a disc player recorder subunit model 151.
Together, models 150 and 151 embody the functionality and features of multi-disc . -
15 player 123. The multi-disc DVD player 123 also includes a disc changer mechanism

subunit 160 and a disc drive mechanism subunit 161. e

Media changer subunit mode} 150 provides an abstraction of the functionality
and features of the disc changer mechanism 160 specifically. Via computer system 112,
the functions, status, etc. of disc changer mechanism 160 are accessed and controlled
20 by other software modules and controllers within network 120. Other devices on
network 120 interact with disc changer mechanism 160 by interacting with media
changer subunit model 150. An IEEE 1394 interface 140 provides a communications,
link to the network 120 via link 130d and 130e.

The media changer subunit model 150 supports enhancements to the well
25 known AV/C protocol for content navigation and selection, providing both a detailed
and a general abstraction of content discovery and description, and allowing for a range
of controllers (from very simple to very complex) to make use of its features. Media
changer subunit model 150 supports status reporting and notification mechanisms so
that other controllers (e.g., set top box 125) are aware of what is occurring within the

30 device, thus keeping the user informed. This is especially important in a distributed



Figure 9 shows a table illustrating the attributes that are defined for
both object lists and object entries in accordance wth one enbodi nent of
the present invention. Figure 10 shows a table illustrating the
gener al wAYbsheabg ect descriptor structure. Fi gure licpleysisget abl e
illustrating the slot list_specific_pmformation field fromthe table of

Fi gure 8. Figure 12 shows a table illustrating the | astupdate field

i N acconeurk envirdhnien® whiahe) eirexatnplef tHehiénﬁbﬂiﬁ%Bét tbﬁlusmwihay bein Flgure
13 shows a_table |IIustrat|ng the format of the enpty-slots field in

accordaﬁ@@hﬁmnbﬂféthéhﬁbm nment of the present invention.

The Media changer subunit model 150 supports the concept of media
collections, which could be removable cartridges holding some number of discs or
5 tapes, or any other type of removable media (e.g., game cartridges, etc.). These
collections may be identified and independently manipulated. Thus, it is possible to
have a very large number of discs, tapes, etc. in a media library and to be able to access
them (the number of slots in the media changer is not a limitation to the number of discs

or tapes that could be supported).

10 The media changer subunit model 150 is defined by a technical specification in
which the specific implement present invention defines several data structures for media
type description (how to describe a compact disc, a DVD disc, etc.) the contents of the
media (titles for each track on a disc, the duration of each track, etc.), and for status
reporting and notification. These data structures could be modified in any number of

15 ways to include or exclude various pieces of information which may or may not be
available depending on the media and the capabilitie's built into the media changer

subunit.

The software data structure of a typical media changer subunit model of the
present invention (e.g., media changer subunit model 150) and one embodiment of a

20 disc changer mechanism subunit (e.g., disc changer mechanism subunit 160) are

described below.

bn HAS BEEl
'“D R‘_P‘- ACbD

Media cf buni el .
In a typical application, a media changer subunit model of the present invention
is used to implement an AV/C media changer subunit model. As described above, an
25 AV/C media changer subunit model in accordance with the present embodiment is a
stand-alone piece of functionality separate from any specific type of media playing
mechanism (e.g., disc changer mechanism 160). The AV/C media changer subunit

model supports various types of media and is not limited to only disk media.
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Figure 14 shows a table illustrating the entryspecific_information field in
the slot object list descriptor in accordance wth one enbodi nent of the
present invention. Figure 15 shows a table illustrating the flag
definitions in accordance with one enbodi nent of the present invention.

Fi gure MOSKBH8a table illustrating the disc nedia defi nPET/HR2/E5602
accordance with one enbodi nent of thd4present invention. Figure 17

shows a table illustrating the nedia changer subunit nodel commands of the
present i nveritskpuld be appreciated that the model and data structures used for the AV/C  —~

media changer subunit model are consistent with those proposed for the AV/C tuner- -
subunit. The general descriptor structures and commands (e.g., OPEN DESCRIPTOR,
READ DESCRIPTOR, WRITE DESCRIPTOR, OBJECT NUMBER SELECT
5 commands and subunit identifier, objects and object lists) are described in the AV/C 3.0

specification. An understanding of the general AV/C enhancements described above is
helpful in understanding the AV/C media changer subunit proposal, and as such, the
AV/C 3.0 specification is incorporated herein by reference as background material.
Therefore, that information is not generally repeated here. As such, only the AV/C

10 media changer subunit model-specific model, structures, commands and implementation

profiles are primarily described.

As described herein below, it should be understood that the term “media
changer subunit” refers to a media changer subunit mechanism, such as disc changer "~
subunit 160 of Figure 1C.

15 h ia changer i nt i i LT
A media changer subunit provides a storage area for one or more drives. :

Multiple pieces of media are stored in a media changer subunit, and there may be
different types of media supported by a changer. As referred to herein, the term
media refers to an individual piece of recorded media, such as a CD, MD, or video

20 tape. Media may be individually selected by a controller and moved to a drive for
access to the media content. The media changer of the present invention has
multiple spaces called slots in its storage area, and each slot can hold one piece of
media. When a piece of media is stored in a media changer subunit it has an
assigned slot. It is moved from its assigned slot to a drive, and when returned it

25 should go back to the same slot.

The ability to place a piece of media in a drive means that the changer has a
certain “load position” that it moves to for the loading/unloading operation. A
changer that can handle loading and unloading multiple drives will have multiple

load positions, one for each drive.
This Sheet Has Been Replaced
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REPLACEMENT SHEET 2
1 SEP 2000 7 Fi gure 18 shows
a table illustrating the | MPORT MEDI A command of the present invention of

Fi gure 1wW099/06998 Figure 19 shows a table illustrating thepagUsaussgzesponse
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15

20

25

30

15

A media changer may support multiple collections of media, and each e
collection may be individually identifiable. Such collections are typically
represented by multi-disc container such as a cartridge mechanism, in which several
items are placed. The cartridge has “spaces” for the installation of media; each of
these spaces will correspond to a slot in the media changer subunit when the
cartridge is installed. It may be possible to have several cartridges installed in a
single changer. An exemplary embodiment of a cartridge-based media changer is

shown below.

Réferring now to Figure 2A, a diagram 200 which illustrates the relationship
of a media changer subunit to the drives that it supports, how its storage area is
defined, supporting multiple collections, ‘and the media slot assignment rules, is
shown. As shown in diagram 200, a first cartridge 201 and a second cartridge 202
are contained within a media storage assembly 203. Carfridges 201 and 202 both
have a plurality of slots (e.g., slot O through slot 4) which store media, which in the
present embodiment are discs. Diagram 200 also shows a legend 210 which
illustrates the appearance of disks when present in a slot and disks when not present
in a slot but wherein the slot is assigned (e.g., such as when the disc to which the

slot is assigned is currently loaded on a drive).

Diagram 200 also shows a first drive 230 and a second drive 231 for
“playing” the discs. As depicted, drives 230 and 231 both have discs mounted, disc
232 and disc 233 respectively. Line 250 shows the load path from which disc 232
was loaded onto drive 230 from slot 0 of cartridge 201. Line 251 shows the unload
path to which disc 233 will be unloaded from drive 231 back into slot 0 of cartridge
202,

Figure 2B shows cartridge 201 from Figure 2A with no discs stored in its
slots. As described above, cartridge 201 of the present embodiment includes five
slots, numbered slot 0 through slot 4. Each of the slots, such as for example, slot 0,
is essentially a storage location or space for storing media, which in this case are
discs. This is shown by line 201a. It should be appreciated that the present

invention is not limited to functioning with cartridge-type multi-disc containers.



types of the response status of the present invention. Fi gure 20
shows a table illustrating the EXPORT MEDI A control command fromthe table

of Figure 17. Figure 21 shows a table illustrating the LOAD MEDI A
control @ g?fromthetable of Figure 17. Figure 22 shows a table
Il lustra ?’F%%? % UNLOAD MEDI A control command from the talganbﬁgs’ﬁsaﬁre 17.

Figure 23 shows a flow chart of t he 18t eps of an exenplary interface process-
bet ween a _nedi a cEa{g%e_r subunit and devices_.on a home audi o visual network
i n accorQheE P&F pheatenerssuah apearowsel type multi-diss contaipgrs; casbe used. -

Additionally, the present invention is not limited to use with only two cartridges, as - -
shown in Figure 2ZA. Any number of cartridges may be supported within a media -
changer of the present invention. Further, each of these cartﬁdges may inc'lude'any S

5 number of slots for storing media.

Figure 2C shows a carousel based media changer subunit 250 in accordance
with one embodiment of the present invention. The carousel-based media changer
subunit 250 is substantially similar to the cartridge-based media changer subunit
depicted in Figure 2A, however, as opposed to using cartridges to store the discs, a

10 carousel 251 is used. Carousel 251, in a manner similar to the cartridges (e.g.,
cartridge 201 of Figure 2B), includes a number of slots 252 for storing the discs.
The carousel-based approach is advantageous due to the fact that, in typical

implementations, carousel 251 can store many more discs (e.g., 200 or more).

r i ] identi ri E
15 Referring now to Figure 3, a table 300 of the general subunit identifier
descriptor structure of the present invention is shown. Persons interested in a more
comprehensive description of this structure and the meaning of the fields other than
the subunit_dependent_information field, are referred to the general AV/C
specification document. The manufacturer_dependent_length and
20 manufacturer_dependent_information fields are used for vendor-specific data. The
format and contents are defined by the media changer subunit manufacturer. The

subunit_dependent_information field of table 300 is further described below.

Referring now to Figure 4, a table 400 of the
subunit_dependent_information for a media changer subunit model of the present
25 invention is shown. It should be noted that the
subunit_dependent_information_attributes field is reserved for future definition.
The media_capacity field indicates how many pieces of media this subunit can store.
This value is the same as the number of slots in the changer. The
number_of load_positions field shows how many drives this subunit can handle.

30 The load_position[x] fields contain the unique ID for each of the drives (or load



Figure 24 shows a flow chart of the steps of a process of updating a nedia
changer subunit nodel as new nedia is added to the disc changer nechani sm
subunit in accordance with one enbodi mrent of the present invention.

REPL ACEMG 9578d558T 30 JAN 2002 PCT/US98/15602
8 DETAI LED DESCRI PTI ON OF THE | NVENH ON Reference will now be made

in detail to the enbodinents of the invention, exanples of which are

i 11 ust ragsginbﬁk ) m@qgem%ameh&%ed sainRGRd tNYdfives BRECIReE WiHinthd | De-
described i n conjunction wth greferred enbodi nents, it will be

under st osame hsit, thé:adapesitiont vahie(s)showld be she address f pubunityype.i on to t hese
enbodi nent.s h e in the follow ng detailed description of the
pr esent F%ﬁéﬁ] Fﬁ\?rﬁ%’rﬁ%s specific details are set forth o

It should be noted that the subunit address may be any number of bytes m -
5 length, depending on whether it uses the extended addressing mechanism or not. -
Details are presented in the AV/C specification document. The subunit_type should .
be in the most significant bytes and the subunit_ID should be in the least significant
bytes of this field. When the changer has load positions which go to external

locations, the load_position value assignments are implementation dependent.

10 The number_of _supported_physical_media_types field shows how many
physical media sizes this subunit can support. The physical media_types[x] fields
are an array of supported (as opposed to installed) physical media specifications
which describe the physical characteristics of the media. The
physical_media_types[x] fields of table 400 are further described below.

15 Figure 5 shows a table 500 which lists the specifications of the various
media types. In accordance with one embodiment of the present invention, each of
the physical media type specifications (e.g., the present invention may only support
a subset of the physical media types that are supported by the entire changer. For
this reason, each slot object descriptor contains a collection of the indexes of the

20 physical_media_type[x] fields that represent the physical media types supported in
that slot. For more details, please refer to the section titled “Slot Object

This Sheet Has Been Replacex
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entry_specific_information,” which is described below. H“m

Il

|

In accordance with the present invention, the specification_length field
indicates the total number of bytes for the entire media type descriptor, including

25 the type dependent part.

The physical_media_type field identifies the physical form factor of the
media that this subunit can handle. The type_dependent_length field contains the

number of bytes used by the type_dependent_information field. The



in order to provide a thorough understandi ng of the present invention.
However, it wll be obvious to one of ordinary skill in the art that the
present invention nay be practiced without these specific details. In other

i nstances, well known net hods, procedures, conponents, and circuits have

not beenYRIFWPHed in detail as not to unnecessarily obscHCE/USPAEHR of the

I nventi on. I n par‘t& cular, a nodel is provided which is

pr esent

nmedi a type independent and thereby _sgg_port_s any type of nedia (CD s,
M ni Di sciypepienendentcisfarmatien figldrontaips info

mnation that dssspegific 9 each tapgy

conbi nat io?ﬂn

nodel supporeg@ s@ﬁﬁ%ﬁ%@&‘“@éﬁt %&%%@%B&S%i@%gﬁ’%%ﬁgm eagi/i) Qat ion and

sel ect i otnfofifiondegedfor thercuih

—

_The

ures. I n addi ti on,

ﬂ*-ldeﬁear}ﬂe&a f/98€ Phe abstraction of content
di scovery_ and description, and allowing for a range of controllers (from

very si mphesieah media typsfisldaf table S0l dgiscriibed

t he

nodel i ncludes support for status reporting and notification nmechani sns so

that controllers are aware of what

keepi ng the uFpgure 6isREWEH table S6OMMIICRRhSWIRhbIelEblity dddined form factors

10

15

.20

25

of the present inventior}. As shown in table 600, various physical media types are” -

defined and categorized in accordance with their respective form factors.

dia Chan a
The media changer status descriptor data structure provides information
about the current status of the media changer subunit. The media changer subunit
may be in diﬁ‘el;ent states depending on what it is currently doing, such as, for
example, moving the mechanism to select a piece of media, idle, error state--

possibly because of a physical obstruction--or the like. In accordance with the

present invention, controllers may examine the status descriptor and may request '~

notification for state changes using the CHANGER STATUS command.

Media Changer Objects & Object Lists
Referring now to Figure 7, a table 700 of the object lists defined by the

media changer subunit model of the present invention is shown.

The objects in the slot list (the slot objects) shown in table 700 may have
child lists, depending on the capability of the changer to support these lists. The
child lists represent the contents of the media in the slot. The objects in a contents
list will represent either audio or video tracks (or segments). In order to build the
contents lists, the media changer subunit mode! will have to work with the
appropriate drive subunit to get the contents descriptions. It should be noted that
while the drives can read the media in the present embodiment, the changer cannot.
For details on audio or video tracks, please refer to the well known AV/C DISC
subunit definition. In addition, for more detailed information regarding objects and
object lists, readers are referred to US Patent Application “METHOD AND
APPARATUS FOR REPRESENTING DEVICES AND AVAILABLE

is occurring within the device,

t hus



Some portions of the detailed descripti omsis$figh, eOlkow are presented in
ternms of procedures, steps, |ogic bl ocks, | P ot her synbolic
representations of operations on data bitMﬂ ﬂ uter nenory. These
descri pt ivp0 990688 epresentations are the hopeTalsha/igee I N t he

data processing arts to convey nost gbfectively the substance of their work
to others skilled in the art. A procedure, conputer executed step, logic

bl ock, PIINFORMATION WATEINSA REPWORIC OF DEVICES USIRQYO8TECTIASTS = —~
sel f-consi stent sequences of steps or instructions leading to a desired

resul t. TANDSOBECHAENTRIES? filetjon Manch bh\1998 awhich is ipcorporatedshenéin physi cal
quantiti 3)3’ %Jsual |l y, though not necessarily these quantities take the
VO 99/ 06 8’6 erence.

PCT/ US98/ 15602 9
formof electrical or magnetic signals capable of being stored, -
transferred, cigierBshows a table 800 ofitter generah AYV/Ctstod list data staudtyrel ated in a

Feasbne crable ifsobeafe sbetal A Ertoi el sty Those dgtis ohifles ™™ ¥ 1"
description of the general list contents and usage requirements are referred to the
well known AV/C specification. It should be noted that the
list_specific_information field exists only if specified in the attributes field. The
attributes field of table 800 is further described by table 900 below.

10 With reference now to Figure 9, a table 900 illustrating the attributes that
are defined for both object lists and object entries is shown. Ile others are unique to
one type or another (e.g., as noted in the description of the attribute). For example,
the has_child_ID attribute and the has_object_ID attribute are valid only for the
object entry descriptor and the object list descriptor, respectively illustrating the

15 general AV/C object descriptor structure is shown. It should be noted that the
child_list_ID, object_ID and entry_specific_information fields exist only if specified
in the attributes field. Objects are unique based on their entry_type and
entry_specific_information fields. The contents of the list_specific_information field
for each of the media changer subunit model object are discussed below, along with

20 the definition of the corresponding objects for those lists.

Slot i { slot obi
The slot list contains information about the collection of media in the slots

of the media changer subunit. There are no assumptions or requirements made

about the type of media contained in a changer. Thus, for example, each slot could

25 hold a different type of media.

Accordingly, one of the most significant attributes of the slot list is the fact
that it does not contain any information that is derived from the media contents. All
information within the slot list and slot objects is derived by the media changer

subunit model or is provided by the user.
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el enments, synbols, characters, terns, nunbers, or the |ike. 5
It should be borne in mnd, however, that all of these and simlar terns

are to be associ ated with the appropriate physical quantities and
are mer e‘gﬁ convenient |abels applied to these quantities. Unless
speci fi cHP%706¥%t ed ot herwi se as apparent from the fol | owPREUSIS/S602

di scussions, it is appreC| at ed that 2l‘)hroughout t he present I nventi on,

di scussions utili zi ngm; 'proocessjng," "conputing,"
“transl ati ng, Figure\s1 shnwsa tah@ 1100 eibtsaramwhn glot listgspegifisyinfogmation -~

recognl %lﬂ%‘omfa%letiﬂﬁ)&fﬁgursl ei‘?sr%'ﬁg’é't"gg%g liognthgnd_ processes of a conputer -

system 0 evi ce, that manipul ates

and t ranﬁitofpiﬁlﬁdalhfbrﬁﬂﬁbﬁﬂﬁfgtlﬁﬂeld%p&ﬁﬁ&ltﬁéalﬁumber of byte§ @deddbi thei C) quantities
wi thin the conputer system s registers and nenories_into other data

simlarl bsthrméffemf@maugn fields Thaattrjbutes jofistot_list tspeeifie lieforoationt er syst em

L Ao < rs FRORA B3 fprdfipifin, Ry Sitse DTSR Bt BBy ot

Referri n@h&@tlﬁs list vas 145t nibdifedP Of S n%éﬁ&n@i%&&ﬂbit%f the lastt ipdabifieldVst hi 0 t he
foll owi ng discussions of the present invention, certain processes and steps

are set to @ne,dhe last uptiate valne contains 2 23-biy ¢ountes whinhds mmenteslsora series of

| nstruct | onsné &fidition of the object list (the LSB of this counter is at address offset

03,). If the msb is zero, the last_update field contains a time stamp. This field is
10 shown in greater detail in table 1200 below.

Referring still to table 1100 of Figure 11, the empty_slots field is a bit mask
indicating whether the slot associated with each bit contains a piece of media or not.
A bit set to 1 means there is media in the slot. The controller may examine this field
to determine quickly which slots are populated or not. This allows the controller to
15 examine efficiently the slot list structure and not bother reading empty slot entries:™
The empty_slots field is shown in greater detail in table 1300 below. e
The slot_list_ID field contains the ID value of this slot list. This field may
be used to assign a unique ID to various collections of media, where a collection
could be in a removable cartridge. Each cartridge could be assigned an ID value to

20 assist with the identification of individual pieces of media within a given collection.

The slot_list_name_length field contains the number of bytes used by the
slot_list_name field. The slot_list_name field contains the name of the slot list,
which would normally be assigned by the user. The contents of this field should be
printable English ASCII text as defined in the IEEE 1212 standard, section 8.1.4 of

25 the 1994-10-05 edition. Each text character is one byte.

Figure 12 shows a table 1200 illustrating the last_update field. As described
above, the last_update field indicates the time stamp when this list was last
modified. The year bit of table 1200 is 1 when the year is odd and 0 when the year

is even. This allows the time stamp mechanism to cover a two-year period. The



software program that reside within conputer readable nmenory units of

system 20 - 112 and executed by processors of system 112. Wien executed,
the instructions cause the conputer system 112 to perform specific
actions nslogogheddi t specific behavi or which is despci/tssb/isso2det ai |

as follows. _ _ In gengral, conputer system 112 used by the
present invention conprises an address/data bus 100 for

comuni C?éa'dglg%f AL APEdARP carPS@nfire R yBardi inldahe &rrent caRhdigeaor s 101 -
coupled wth bus 100 for processing informati on and instructions, a

conput er (¢.gasvhihds prasamed to beeanailgble alsewhae) tocdeterminesifthertime 8889 nenory,

static RAM dynamc RAM etc.) coupled with bus 100 for storin
i nf or mat F%esgﬁﬁaé\ﬁanggmtglﬁg\ﬁr%pfg WY*¥entral processor(s) 101, a °

conput er readable non-volatile nmenory unit (e.g., read.only nenory,
programabl e ROM flash nmenory, EPROM
REPLACENVENT SiHefefring now to Figure 13, a table 1300 illustrating the format of they .. ... .. .
30 JAN 2002 o oo
5 empty_slots field is shown. As described above, the empty_slots field of table 1100
is a bit mask indicating whether the slot associated with each bit contains a p_igc_:e_ of

media or not.

The value N is the number of slots, the value of which can be found in the
number_of_slots field of the slot list descriptor. The size, in bytes, of the
10 empty_slots field will, therefore, be determined by the capacity of the media
changer subunit. The remaining bits which do not represent valid slots should be

set to O.

_ It should be noted that the empty_slots field indicates which slots have been
assigned a piece of media, but it does not tell whether the assigned media currently
15 occupies the slot or is in a drive. Slots which have a piece of media assignedto
them may currently be empty because the media is in a drive. In this case, the slot_is__ .
not available to receive a different piece of media. The entry_specific_attributes
field of the appropriate slot[x] descriptor determines if a slot is occupied or not.

This Sheet Has Been R

I Of . ﬁ inf . eplaced
20 Referring now to Figure 14, a table 1400 illustrating the , !mm I," ", m ’m

entry_specific_information field in the slot object list descriptor is shown. In
accordance with the present invention, the number_of_slots field in the slot object
list descriptor contains the number of slots in the changer. It also represents the
number of objects in the slot list because, in accordance with one embodiment of

25 the present invention, there is only one slot object for each slot. The slot[x] fields

each represent a slot.

Referring still to table 1400 of Figure 14, the

entry_specific_information_size field indicates the number which describes this



EEPROM etc.) coupled with bus 100 for storing static information and

I nstructions for central processor(s) 101. System 112 can optionally

i nclude a mass storage conputer readable data storage device 104, such as a
magneti c_or o%tical di sk and di sk drive coupled with bus 100, for storing

i nf or matW8M¥4%a38i nstructions. Optionally, system 112 can BFEESP84560de a

di spl ay device 105 coupled to bus 188 for displaying information to the
conput er user, an al phanuneric input device 106 including al phanuneric and
funct i orenkdy ST hedlags ate descrihed in greates detad imtablecki00bglowaf or mat i on and cemand
selections to central processor(s) 101, a cursor control device 107 coupl ed.
to the bus for conmunicating user input information and command sel ections

to central prHeRspRidnt httdibite isdtfo,ahed tieadhangdepsficuld'$ab tie foAMAtCEaliHO8 coupl ed
to bus 100_f or__conmuni cating massagegd command sel ections, data, etc. to

and fr orataiwte bit tyzase alseoThe jnstalled_media_format figld; defines the Sormnat afthet o Fi gure
1B, h . 120 d Al ne. enbodi t.,0f.xth t
"vent i GeratQE b epidee o AR RANG I b ORCIRRRROERIN & 51,0 S

r ecgi verobtained frofid drivebiubeniD¥ecadsa v mdds chang&Rubihit ddedhot Ravedthe t Op box
125, and a video canmera 126. Each of the devices 121-126 is conmunicatively

coupl ed ability te sgaddhe medinpifthe Sormat valil iatiibute bsds clparpthinfildskould form a
si ngl e net.wor rei n each.device t ne K can.co nicate with any
ot her de |‘§8°‘}c§‘ﬂ b\?,\'ﬂ ¢ Fortraliek 'E‘&h‘,‘esid%g’é%‘ig@ el peL s Hesaf ©eee 1304
bus prot&itlesype Mhrhedia. The disc media definitions of the present invention are

defined in table 1600 below. o

10 The installed_physical_media_type field is the index of a
physical_media_type[x] descriptor, as defined in the media changer subunit model
identifier descriptor, which begins on page 6. If no media is present in this slot, .

then the value in this field should be ignored by a controller.

I

PRE 5.4

The number_of_supported_physical_media_types field contains the numbét” -
15 of different physical media sizes that can be supported by this slot. The .
supported_physical_media_type[x] fields are indexes of physical_media_type[x]
descriptors, as defined above for the installed_physical media_type field. The
load_position is the ID of the load position to which the media was loaded. While

the media is present in the slot the value in the load_position field should be ignored

20 by a controller.

Figure 15 shows a table 1500 depicting the flag definitions in accordance
with one embodiment of the present invention. As described above, the

entry_specific_attributes field of table 1400 contains a set of bit flags which

describes this entry. Table 1500 shows the meaning of these flags. '_ z '
r;é‘
25 Figure 16 shows a table 1600 illustrating the disc media definitions in T 2
B
accorield of table 1400 depend on the type of media, as shown in table 1600. For “g% A
. o o4
example, a DVD movie disc would have the value 0501, 2
This Sheet Has Been Replaced &




network 120 is shown including 6 devices, it is understood that network 120
Is suited to include any nunber of devices, up to the |limts of the
particul ar bus technol ogy. The | EEE 1394 serial bus used by

net wor k W2eoeeods gure 1B is a hi gh-speed bus architecture lf@fmsgsllsal/z

i nterconnecting digital devices thergpy providing a universal input/output
connection. The IEEE 1394 standard defines a digital interface for the
appl i cat Contentsiiiz dit BBieétdg the need for an application to covert
digital data to anal og data before it is transmtted across the bus.

Cor r espondi nglCpnteaty listeofithe gresenslinveation arerchild liste of theglotaibjetet a from t he

bus, not nd. therefore ot re d t.o cove anal og data
to digi taf gl ?pdg%@e%%ﬁ SIS 4 RIeR ?%Be‘m('?ﬂ%e I*—_*%Eal%gé'hﬂ?t gm)jai%e is very thin
in size ectiliiitesr the ntidhere Médf'tl%c&ﬁ&lt?éfﬂiﬁﬁﬂedx? connect such devi ces,

Devi ces can be added and rermve froman | EEE 1394 bus while the bus is
active. If a device |s so added or renoved, the bus automatically

recgnfigures %_p#
REPT ACEVENT S ordance with one embodiment of the present invention, the media

30 JAN 2¢Hsager subunit model does not have specific knowledge of content descriptions. It
gets the information for content descriptions from the drive subunit which supports
the media in the slot. For detailed descriptions of the contents description

structures, please refer to the appropriate specification (disc or VCR subunit).

10 Each drive subunit will define its own data structures for content
description, and the appropriate object lists and list_type values. Because the
subunits define these structures independently, it is possible that two different types
of subunits will define the same list_type value for lists with very different contents.
Because the media changer subunit model gets its content lists from different drives,

15 it is possible that the list_type values for the lists maintained by the changer could
conflict with each other.

The controller must examine the slot object descriptor

installed_media_format field to determine the format and definition of the contents

list hierarchy that descends from a slot object.
This Sheet Has Been Repl
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In accordance with the present invention, it should be appreciated that the

changer subunit may support any number of user preset lists. Each entry in the -
preset list specifies enough information to allow the selection of any track or
segment on any piece of media. Tefer to any item in an AV library even if it does

25 not happen to beo install the item in order to select from it).
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Referring now to Figure 17, a table 1700 of media changer subunit model

commands is shown. Each of the commands shown in table 1700 represent basic



transmtting data between the then existing nodes. A node is considered a |
havi ng a uni que address on the bus structure. Each node provi des an
identification ROM a standardi zed set of control registers and its own
addr ess space. The | EEE 1394 communi cation standard of network 120
of Fi gurWO3%Mports i sochronous data transfers of digit ZCTAIEbSR2

i nformation. |sochronous data transB®rs are real-tine transfers which take
pl ace such that the ti Hﬁ interval s between_ significant |nstances have the

same duremmsndgfongantrolling the mediaichangsy subnait (e 8¢ irpory medis pXRort ons. Each
packet t ferds i A0 | ¥l .S LT r L nits owm tine
peri od. %ﬂgggarrp gag’rﬁ@n‘ﬁ%gﬁ?%ﬁ{)i g-%gﬁ8¥ﬂ{ehc8&t"?ag'§£§e‘{re§%fbegat a i sochronously
i s fromsepaately mphotbleiBelotwo a tel evision 121. The set top box 125 receives
the video streamfroma cabl e conpany and divides the streaminto discrete
packets. The set top box 125 then transfers each packet, representing the

I mges and s sl LD | ' duri hat tine
period, for gﬁg‘ gﬂ%a{lse%@{‘{;E’ga@éelﬁﬁe(\)/(ﬁglbg%@%hé moﬁé@}éf@% ard bus

ar chi t ecThe BVIPORTI MEDIALdohtrp] condhididis used ©orput 8 pide of fiediadffod t ransfers
bet ween applications. Specifically, a six bit channel nunber is broadcast

wi th t henedit shangeesubypit Hibephanger sypperiecarprisiess then the IMPQREt i on. "Thi s
N ol i cat i mul i 1 i soch q
Serove (YEDIR Confhild £ deR0SE uhdRU RARE SutRait BRERRT | °0r Ol et

across the ure. us sters are'traditional data
transfer operations which take place as soon as possible

The slot_number field specifies which slot should receive the new piece of
media. If there is a2 media already assigned to this slot, the command should be
10 REJECTED. In order to change the media assignment of a slot, it is necessary first
to EXPORT the currently assigned media and then IMPORT the new media.

If there is a removable cartridge inserted in the media changer subunit which
contains this slot, then the cartridge should be ejected so that the user can install the
new media if the slot is free to receive a piece of media. If the cartridge has one or™

15 more of its media from other spaces installed in a drive, then the media changer

subunit may REJECT the command or it may ACCEPT the command.

Referring still to table 1800 of Figure 18, if the subunit acéepts the
command, then it should be aware of the following: It is possible that the cartridge
has a piece of media assigned to each of its spaces, but one or more of those items

20 was installed in a drive.. When the cartridge is ejected, there may be several spaces
open that can receive a piece of media. If the user installs a new media into a space
which corresponds to a slot with a piece of media assigned and then re-inserts the

cartridge, the cartridge should be ejected and the command should be REJECTED.

If cartridge ejection is a manual operation requiring user action, then the

25 rules regarding command acceptance or rejection should still be followed.

The status field should be set to FF,; on input. In the response frame (either
ACCEPTED or REJECTED), this field should be updated with the appropriate



and transfer an anount of data froma source to a destination.

shoul d

for hone audio visual networks based upon other well known network or
PRnsbyees | EEE 1394, Such standards include, for gesrosdspseo2

st andar
et her ne

exanpl e
provi de

be appreciated that the nodel and command set is equally well

|t
suited
bus

t, universal serial bus, tokexring, and the |ike. Accordingly, the
| EEE 1394 structure of network 120 is shown and descri bed herein as an

Qgﬁlgg§{;aﬁh§ee. Of‘dﬁ&@ stafs¥esponses are gﬁfﬁﬁd%‘ﬁﬁfé %0 Riwye, the nodel

S ware data structure

abstracts the functionality of a

device on the network and provides a standardized nmethod and system for
interacting with the device and fo controlling usir}q I nvoki ng, etc., the
e BF o

functional i t yFigure h2 shsys %:E?.blqﬂa?ropit ¢ VaHQUs Te§RoRse typeRe .
st andar %tﬁﬁ:g ?g%s%\ﬁ}%ﬁqbw/? tﬂ%%g&rﬂgcg éﬁﬁkidﬁaﬁl‘é idbods s&uiiRdGecdrBrga Cchangers

ot her such nedi a changers.” Thi's data

(e.qg.,
structu

10

15

20

25

PO a

plrayeér
I to the “ACCEPTED” or “REJECTED” responses.

Referring now to Figure 20, a table 2000 illustrating the EXPORT MEDIA
control command from table 1700 is shown. The EXPORT MEDIA control

command is used to take a media out of a media changer subunit.

Figure 21 shows a table 2100 illustrating the LOAD MEDIA control .
command from table 1700 above. The LOAD MEDIA control command is used to .

set the media from the slot to the drive.

Figure 22 shows a table 2200 illustrating the UNLOAD MEDIA control

command from table 1700 above. The UNLOAD MEDIA control commandis . .. .= .

used to return the media from the disc drive to its own slot.

Referring now to Figure 23, a flow chart of the steps of a process 2300 in
accordance with one embodiment of the present invention is shown. Process 2300 is an
exemplary interface process between a media changer subunit and devices on a home
AV network. The interface process is implemented via a media changer subunit model
in accordance with one embodiment of the present invention (e.g., media changer
subunit model 150 of Figure 1C). The home AV network, as described above, is based
on IEEE 1394 protocols.

Process 2300 begins in step 2301 where a media changer subunit model in
accordance with the present invention is accessed via an IEEE 1394 communications
link. As described above, a typical home AV network (e.g., network 120 of Figure 1B)
includes several AV devices coupled via IEEE 1394 communications links. The
communications links allow the various devices to communicate, allowing them to
exchange status information, commands, and the like. As described above, the media

changer subunit model provides a software abstraction of the functionality and feature



12 Is referred to herein as a "nodel." As its nane inplies, a nodel
I n accordance with the present invention abstracts the features and
functionality of a device, thereby providing a nmeans of interacting
with the device which is nedia type i ndependent and which is

conpat i bMWO 9986898 wi de range of "controller devices," suclPGEUSHBAFRyanpl e,
receiver 5 122 or set top box 12526 The devi ce nodel of the present
invention is instantiated within a conputer systemwhich is

typi cal | yetexflaguletialchangeri subuhit (eciy dise changes mechanism|subundy K80 of Figure  "Dyvpr

player 123 apd jts eppedded conputer. syste 12 ar CL,I in Figure 1C
bel ow. 18)’ thereby provgg)mg ﬁ%ﬁﬁ‘?@%&%ﬁgﬂg&gc’%&%g"-%ﬂ“gr(?ﬂ%\gfétﬁ?@t a 123gi n

accor dan%ﬁﬂrﬁi}e@ RRRtHdA of accRSRL dhdRithg fHe rhélia SHaRga Bubunill €The MBdia AS

descri bed above, mnulti-disc DVD player 123 i ncl udes conputer system
112 enbedbangensubiunit madel isaceassed vie ite BEEBR 1384 communigatiang diak. wi thin
conputer system 112 is a nedia changer subunit nodel 150 in accerdance with
one enbodi nent of the present invention and a disc player recorder subunit

modgl 151 In step 2509 S Ghernd[RERIrdllckYdeAEithd thnRRRA Sntes of titchedinal i ty
and features o? mgl ti-disc

changer subunit model to obtain information regarding the media stored thereon. As
described above, the media changer subunit includes means for storing numerous
individual items of media, which in this embodiment happen to be discs (e.g., DVD
discs, CDs, CD-ROMs, or the like). The media changer subunit model maintains

10 several tables which catalog the status (e.g., titles, content, etc.) of the various discs
stored within the disc changer mechanism subunit. This information is obtained by

external devices by querying the media changer subunit model.

In step 2303, the particular external controller manipulates a selected disc

Tere

stored in the disc changer mechanism subunit by communicating an appropriate

el

15 command to media changer model via the IEEE 1394 communications link.
Consequently, in step 2304, the status of the media changer subunit model is updated to
reflect the new state of the disc changer mechanism subunit and the media (e.g., discs)
stored thereon. Then, in step 2305, this updated status is sent to the particular external
controller (e.g., set top box 125 of Figure 1B, receiver 122, or the like) via the IEEE

20 1394 communications link by the media changer subunit.

With reference now to Figure 24, a process 2400 in accordance with one
embodiment of the present invention is shown. As with process 2300 of Figure 23,
process 2400 is an exemplary interface process between a media changer subunit and
devices on an IEEE 1394 based home AV network. However, process 2400 depicts
25 the steps involved in updating a media changer subunit model as new media is added to

the disc changer mechanism subunit.

In step 2401, a user loads a new media item (e.g., a disc) into an available slot
of the disc changer mechanism subunit of a multi-disc media player. In step 2402, the

media (e.g., the disc) is accessed using a media changer subunit model to determine the



15 player 123. The nulti-disc DVD player 123 also includes a disc
changer nechani sm subunit 160 and a disc drive nmechani sm subunit
161. Medi a changer subunit nodel 150 provides an

abstract WeYP99699%8he functionality and features of tirer/dsssaseiaanger
mechani sm 160 specifically. Via conpl2Zr system 112, t he functions,
status, etc. of disc changer nechanism 160 are accessed and controlled 20
by ot herchatgcteristies ofithie inew maedih itamt Asldessribediabbve) theahedia khdngd@r suBulR" devi ces

on etwark 120 interact with djsc changer mechani sm 160 by

i nt eract’f’ﬂﬂ;eq\mtf’ agEs oy the disc Pfayﬁ%‘&ﬁg@:‘“g\ﬁi@Hﬂ@ Mrdeferming the chwracteristia 394
interfa W IR peralequile:] b Rfas ' t work: 120 via
T 150 ddfon i doth & °g%m%hg’rr%%'u“%le’cﬁ’gE@é"r&éﬁ‘ﬁﬁ“f}?ﬁ%de| 150
suppor t snusmires of volumes ondhe disc, the titl&of each bfthervokiviies, giidthe diké, f or cont ent
navi gati on and sel ection, providing both a detail ed ~and a general
abstraction of content discovery and description, and allow ng for a range

. . 1 t
oSSm0 | i s 00 s o, AT BRI .

features. Media anger subuni S reporting
and not i itself4o insludeshé clracteristios of the new média. i ktﬁdoiﬁg),hl‘thé gioekiﬁr tﬁ\aﬁdgbr_g- , S ﬁ]
top box 125). ar ware,of what is occurring within the 30, evi ce, us
kegpi ng S&’ﬁa')"hg‘é’ﬁe"n?'amdbe aqcutacy of gs satalog ofithe wanaus apadia iteras stpredy | but ed

Subsequently, in step 2404, the media changer subunit model sends an updated status

to other interested devices (e.g., controller devices such as set top box 125). This

10 updated status properly reflects the addition of the new media added by the user.

Thus, the present invention provides a model which is media type independent

and thereby supports any type of media (CD’s, MiniDiscs, DVCR video tapes, DAT
Tapes, 8 mm tapes, etc.) in any combination (a changer may have CD and DVD discs
installed, etc.). The model of the present invention supports enhancements to the AV/C

15 protocol for content navigation and selection, providing both a detailed and a general
abstraction of content discovery and description, and allowing for a range of controllers
(from very simple to very complex) to make use of its features. In addition, the present
invention includes support for status reporting and notification mechanisms so that
controllers are aware of what is occurring within the device, and thus keep the user

20 informed.

The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not intended
to be exhaustive or to limit the invention to the precise forms disclosed, and
obviouslder best to explain the principles of the invention and its practical application,

25 thereby to enable others skilled in the art best to utilize the invention and various
embodiments with various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention be defined by the Claims

appended hereto and their equivalents.
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13 network environnment where, for exanple, the controlling set top box 125
may be in another room of the house. The Medi a changer subunit nopdel
150 supports the concept of nedia collections, which could be renovable
cartridg h I ng some nunber of discs or tapes, or any other type of

r emovabl ?%%*’%9{]& g., gane cartri dgetszé etc.). These coll eEFT’Hﬁgg; 2 be

d

I dentified and i ndependently mani pul a . Thus, it is possible to have a

very |ar er of discs, tapes, etc. in a nedia |library and to be able

to acces (the nunber of slots in the nedia chapg §heei:t§1as t a

limtation to the nunber of discs or tapes that could ¥ aced
What is claimed is: ’m nm’ , ’

1. A system for accessing a changer mechanism of a media player, comprising:
a media player for storing a plurality of items
5 a changer mechanism, the changer mechanism having a plurality of slots for - .
storing the plurality of items, the changer mechanism configured to play any of the
plurality of items;
a computer system within the media player, the computer system coupled to the

changer mechanism, the computer system having a processor coupled to a memory; and

10 a software based media changer model executing within the computer system, -
the media changer model comprised of computer readable code which when executed . .
by the processor cause the computer system to perfoﬁn a method for accessing the
changer mechanism, the method comprising the computer system performing the steps -
of: ST

15 interfacing with a plurality of devices coupled to the multi-item media .

player via an IEEE 1394 communications link of an IEEE 1394 based network;
and

providing a standardized command set for the changer mechanism to
provide a set of standardized commands that allow the plurality of devices to

20 access the changer mechanism such that the plurality of devices can access any

of the plurality of items.

2. The system of claim 1 wherein: the system is in a home audio visual
network including a plurality of devices coupled via an IEEE 1394 bus; the changer
mechanism is a media changer mechanism, the media player is a multi-item media

25 player, the items are media items wherein the media player plays any of the plurality of
media items; and the changer mechanism is a media changer mechanism within the

multi-item media player.

3. The system of Claim 1 or 2, wherein the player is a disc-based multi-item

/’/, N
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The nedi a changer subunit nodel 150 is defined by a technical specification

i n which the specific inplenentation is left to the product nmanufacturer.

The nedi a changer subunit nodel specification of the present invention

defi nes swospakosdat a structures for nedia type description gdipusdgasghgscri be

a conpact disc, a DVD disc, etc.) the gontents of the nedia (titles for

each track on a disc, the duration of each track, etc.), and for_status
reportin i figGakdren. : be nodi ’llﬂ \H’I’um

P on | oA pRgk o R T DEARB Rl ity e e o I

may or may not be avail abl e depending on the nedia and the capabil ities "

built into the ia chan .sybunj t. . The., software data . Structure of
a typi cal medi% RS HeM ShEIM Qro ihepsin theplayes inchides At least 0BR A0 ¢ nodi a
changer Jqt NG SRR ' g;p%ngﬁr hani sm
subuni t ?déﬁgwd tﬁ?@%a?ﬁéﬁg‘g?‘ﬁ%é éﬁ‘lesm S(l} unt Te&igoo%cg?i&g SCri eoﬁéél oWw.

plurality of items, one item loaded by the changer mechanism.

5 | 5. The system of claim 1 wherein the system is in an IEEE 1394 based home
audio visual network including a plurality of devices coupled via respective IEEE 1394
communications links, the system being a media fype independent system for accessing
the changer mechanism which is a disc changer mechanism for the media player which
is a multi disc player that is coupled to the network; such that the media player for

10 storing a plurality items is a multi-disc player and the items are media discs, wherein the
changer mechanism is a disc changer mechanism, the system further comprising;

a disc drive coupled to the disc changer mechanism for playing the = |
media discs, the disc drive configured to accept media discs as loaded by the disc
changer mechanism, the computer system being within the multi-disc media player, and

15 coupled to the disc changer mechanism and the disc drive. o
6. The system of Claim 1 or 5 wherein the media changer model interfaces with
the plurality of devices using AV/C protocols, the standardized command set being an
extension of the AV/C protocols.

7. The system of Claim 6 wherein the computer system further performs the
20 step of providing enhancements to the AV/C protocols for content navigation and
selection for the plurality of items by praviding a detailed abstraction and a general

abstraction of content discovery functionality of the changer mechanism.

8. The system of Claim 1 or S wherein the changer mechanism includes at least

one removable multi-item cartridge for containing the plurality of items .

25 ' 9. The system of Claim 5 wherein the media changer model includes a media
changer identifier descriptor software data structure describing the features and

capability of the disc changer mechanism.

N THIS SHEET HAS BEEN
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Medi a changer subunit nodel overview In a typical application, a nedia
changer subunit nodel ”ull lmsI” ﬁﬁumlgvention is used to inplement an AV/C
medi a changer subunit e #bed above, an AV/ C nedi a changer
subunit nodel in accordance with the present enbodi nent is a stand-al one

pi ece of WOME98nal ity separate from any specific type of PREGISAS/BI68i ng
mechani sm (e. g., disc changer mechani3m

13a 160). The AV/ C nedi a changer subunit nodel supports various
10. The system of Claim 5 wherein the media changer model includes a media -~

changer status descriptor software data structure describing a current status of the disc

changer mechanism.

11. The system of Claim 5 wherein the media changer model includes an object

5 list software data structure for tracking the contents of the disc changer mechanism.

12. The system of Claim 5 wherein the media changer model includes command

software data structures for controlling the function of the disc changer mechanism.

13. A method for type independent accessing of a disc changer mechanism of a
multi-disc media player coupled to the network, in an IEEE 1394 based home audio
10 visual network including a plurality of devices coupled via respective IEEE 1394

communications links comprising:

storing a plurality of media disks in a disc changer mechanism within a multi-

disc media player;

playing one of the plurality of media discs using a disc drive coupled to the disc
15 changer mechanism, the disc drive configured to accept media discs as loaded by the

disc changer mechanism;

interfacing a plurality of devices coupled to the multi-disc media player via an
. IEEE 1394 communications link of an IEEE 1394 based network using a computer
system within the multi-disc media player, the computer system having a processor
20 coupled to a memory for executing a software based media changer model, the media
changer model comprised of computer readable code which when executed by the

processor cause the computer system to perform the steps of:

providing a standardized command set for the disc changer mechanism
to provide a set of standardized commands that allow the plurality of devices to

25 access the disc changer mechanism such that the plurality of devices can access

any of the plurality of media discs; and
This Sheet Has Been Replaced
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types of nedia and i b B3 nly di sk nedi a.
tpeacivenr sreer | (TNTIRARN P

3 0 JAN 2002 = c L M 5 * It should
be appreoicdsgésssrat t he nodel and data structures used forpthessiviséoned a
changer subunit nodel are consistent 3ith those proposed for the AV/C tuner
subunit. The general descriptor structures and conmands (e.g., OPEN

DESCRI PTOR, READ DESCRI PTOR, WRI TE DESCRI PTOR, OBJECT NUMBER SELECT ..
commands and subunit identifier, objects and object lists) are described in
the AV/ C 3.0 speci interfacingthe disc ¢hanges meshanign withithe plyeality of dexiges

enhancenent s descrnikpgd above ks hel [ I | . AV, di a
changer subu n“‘ﬁ:m% ﬁoﬁ@?&f) ,ocgﬁdt'hggp agﬂ%&iﬂe{i ﬁgmﬁ@_ﬂg sgtt %ﬁgp%g?’{t%gﬁ (é)fgh%rg
background mep&//C3retobBR! ef ore, that information is not generally repeated

here. As such, onl'y the AV/ C nedi a changer subunit nodel -specific nodel,
structures, commands and inplenentation profiles are primarily descri bed.

5 14. The method of Claim 13 wherein the computer system further performs the
step of providing enhancements to the AV/C protocols for content navigation and
selection for the plurality of media discs by providing a detailed abstraction and a

general abstraction of content discovery functionality of the disc changer mechanism.

15. The method of Claim 13 wherein the disc changer mechanism includes at

10 least one removable multi-disc cartridge for containing the plurality of media discs.

16. The method of Claim 13 wherein the disc changer mechanism includes a

carousel for containing the plurality of media discs.

17. The method of Claim 13 wherein the media changer model includes a media
changer identifier descriptor software data structure describing the features and

15 capability of the disc changer mechanism.

18. The method of Claim 13 wherein the media changer model includes a media
changer status descriptor software data structure describing a current status of the disc

changer mechanism.

19. The method of Claim 13 wherein the media changer model includes an
20 object list software data structure for tracking the contents of the disc changer

mechanism.

20. The method of Claim 13 wherein the media changer model includes
command software data structures for controlling the function of the disc changer

mechanism.
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As descri bed herein below, it should be understood that the term "nedia
changer subunit” refers to a nedia changer subunit nechanism such as disc

changer subunit 160 of Figure 1C. The structure of the nedia changer
subunit nodel of the present invention A nmedi a changer_ subuni t
provi desW9 ¥¥P¥ge area for one or nore drives. Miltiple d%é"& di a

are stored in a nedia changer subunit, and there nay be different types of
medi a supported by a changer. As referred to herein, the termnedia refers
to an individual piece of recordedipexia, such as a CD, MD, or video Tape.
Media may be individually selected by a controller and noved to a drive for -
access to the_nedia content. The nedia_changer K of the present invention has
mul tiple spadés called slots in its storage aréa, ot -can hold
one piece of media. Wen a piece of nedia is storfed inﬁasnéaia:ghanger

subunit it hds an assigned slot. It is noved ffod1it§;é$ dgrigd slot to a
drive, and wﬂen returned it shoul d ge~baek—to—the sameSstot . The
ability to pllace arpiece—of—apedia ijn a drive nkans t#is the ¢hanger has a

certain "l oad posili on",,,thag t noves tlo for tbe Ioav_@&ml adi ng
operation. Ay 3 .
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changer that can handl e | oadi ng and unl oading nultiple drives will have
multiple | oad positions, one for each drive.

15 A nmedi a changer may support nultiple collections of
medi a, aRe 9906998 coll ection nmay be individually ideriniseshkesz Such
collections are typically represented by multi-disc container such
as a cartridge nechanism in which several itens are placed. The
cartridge has "spaces" for the instaghbation of nedia; each of 5 Jt-hese
spaces mjlyga¢rrespond.to a slot in the nedia changer subunit when the
cartridge i nstalled. It may be possible to have several cartridges
installed in a singl e changer. An exenplary enbodi nent of a
cartridge-based nedi a changer i S bel ow.
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Referring now to Figure 2A, a diagram 200 which illustrates the

relati onship 10 of a nedia changer subunit to the drives that it
supports, howits storage area is defi ned, supporting nultiple
collections, and the nmedia slot assignnment rules, is

shown i NW@ %§6%/h 200, a first cartridge 201 and a second c?&rqusis’E@?"QOZ

are contained within a nedia storage assenbly 203. Cartridges 201 and 202
bot h have a plurality of slots (e.g., slot O through slot 4) which
store nedia, which in the 15 present enbodi nent are discs. D agram 200
al so shows a | egend 210 which 3/19 || ustrates the appear ance of disks
when present in a slot and di sks when not present in a slot but
wherein the slot is assigned (e.g., such as when the disc to whichythe

slot is psstgmedTsS currentty oaded—om a drive). D agram
200 al sof shows a first drive drive 231 for 20
"pl ayi ng| the discs. As deplyﬁgg[ﬁﬂgFegg 230 and 231 both have dilsics

nount ed, } di sc 232 and disc 233 respectively. Line 250 shgws the

| oad patph from which disc 232 was | oaded onto drive 230 firomslot O
of cartr}dge—20tr—trme25t—showsthe unt oad path to which di sc 233

will be pnljoaded ffo”‘ébhﬁﬁn@?ﬁy?ﬁﬁ# into slot [0 of cartridge ~13mp.

|
Disc Player Recorder |

i
I
I Subunit Model
b 151! IEEE 1394 ¢
T ’ < ™ Interface
{-—-—-'———-—-—----—1 140 [«
! Media Changer Subunit Model |
L 150!
12 | |~130e
Disc Changer Disc Drive
Mechanism Subunit Mechanism Subunit
160 161
' 123

FIG. 1C



25 Figure 2B shows cartridge 201 from Figure 2A with no discs

stored inits slots. As described above, cartridge 201 of the
present enbodi nent includes five slots, numbered slot O through
sl ot 4. ashoefoss he sl ots, such as for exanple, slot O, PCT/US98/$5602
essentially a storage |ocation or Spage for storing nedia, which in this
case are200 discs. This is showh by line 201 a. It should be
appreci ated that the present 30 invention is not limted to functianing
W th cart,#-i—dge—t-ype—ﬁw-t-+-—d+se--eeﬁ-t-ai-ne§§§
16 ] O her types of containers, as carousel type multi-disc
containedc, c —_— ot ly, the present invention is not
limited §d use with onC@rifid@ecartri dge@di s shown in Figure 2A Any
nunber ofi cgkh% ges-may._be .suppacted_within a nedia changer of the
pr esent qnv i‘of.tFurihers-eaeh--of-threse ¢arftri dges may include any
i |
: | Load
i | Slot 1 | Pz :
! | 232
i : /
: Slot 2 | PZZzzZzzzz7zzz277222772722727272277 | 2z
I i |
|
| —J [ 1
: Slot 3 | ZZzzzzz272727272727222722 : ” Drive
{ __—-3—0—
| |
1 (
|| Slot 4 | pPZZZZIIIIZIIRIZZI7 R 0 {
{ |
i )
' |
i -
| Cartridge 202 :
I e——ul
Ly Sloto | EZTTTTTT270ITIIIIITTTG “—
1 {
{
: { Unload
! Slot 1 | pzZzZzZZZZ7EZZZZZ7Z7777777 77 |
! [ 233
: | /
t | Slot 2. : —_—
: .
| - | T
V| Slot 3 | 7272727727772 : 231 Drive
| 231
|
| :
1 Slot 4 | 7 |
|
! .
I |
I e o o o - — = ——— - — —— ——— J
Legend
Locroooooozoo_..__2 Disk Present

rz7z7z777z7z77777777777z3 Disk Assigned

210

FIG. 2A




5 nunber of slots for storing nedia. Fi gure 2C shows a
carousel based nedi a changer subunit 250 in accordance w th one
enbodi ment of the present invention. The carousel -based nedi a changer
subunit 250 is substantially simlar to the cartridge-basgﬂ?ﬁﬁgkﬂsﬁﬁanger
subuni t WO99/069984a,i cted in Figure 2A, however, as opposed T 0O US| NQ
cartridges to store the discs, a 10 carousel 251 is used. Carousel 251, °
in a manner simlar to the cartridges. (e.qg., cartridge 201 of
Figure 2B), includes a nunber of slots 252 for storing the discs. -
The carousel - based approach i s advantageous due to the fact that, in

typi cal i mpl ement ati ons, c&®¥sel 251 can store many nore discs
(e.g., 200 or nore). Medi a changer subunit nodel identifier
descriptor 15 Referring now to Figure 3, a table 300 of the
general subunit ident - d i ure of the present

invention is shown. PErsons inter@aﬁ@ﬂgbn a nore 201 conpr eh e

description of this sfructue—anmt—tte—Teanmgof—tne ffjel ds ot hegA han
t he subuni t dependent Skﬂﬂh%tion field, are referred tothePaeméral .Av/C
speci fication docunenf. The e h and 20

manuf act urer dependenf information fields are used r vendor-specific

data. The for7$hnapd contents are defined by the nedia changer
subuni t manufacturer.] The

Slot 2

Slot 3

Slot 4

FIG. 2B



subunit dependent information field of table 300 is further described

bel ow. Referring nowto Figure 4, a table 400 of the
subunit dependentinformation for a nmedia changer subunit nodel of the
present ¥ 9gebgsvention is shown. It should be noted that pEfusesnsenz
subunit dependent information attributes field is reserved for future
definition. The nedi acapacdty field indicates how nany pieces of
medi a t hi28Osubunit can store. This value is the same as the nunber
of slots in the changer. The nunber of | oad _positions field shows
how many drives this subunit can handle. 30 The | oadposition[x] fields
contain the unique ID for each of the drives (or |oad

17 pos|t - \a¥a¥a ha nmedia change subuni -

FIG. 2C



contained within the sane unit,
address {subunittype,

subunit-1D) of the drives.

the | oad_position value(s) should be the

It should be noted

that the subunit address may be any number of bytes in |ength, depending on

whet her it uses the extended add

ressing nmechanismor not._Details are

present 8 PPP¥e Av/ C speci fication document. The subuni t¥§GES¥ASH2 be in

the nost significant bytes and t

he/ssabunit | D should be in the, |east

significagggbytes of this field. Wien the changer has | oad positions which

go to external |ocations,

the | oad_position value assignnents are

—

ar e

I mpl enent ation dependent. The
nunber _of jsupported_physi Ieé"ﬂeé:{,' = ; many physi cal
medi a siz¢s this subunit IT@gn suplggrspgeﬁem%ﬁg/@elr(sg?mnﬂlagtmes[ x] field
an array ¢f suppor s opposefl to installed) gl medi a
speci fi catlians \/\hiéﬁairrf&grri bhe 1‘hE nphysical char ﬁ?%&:“ﬁ% cs of the nedip.
The physi ¢al _nedi atmnm;‘sx] fieldp of table 400 are further described bkl ow.
Descriptor_length
00 02,, Size_of_object_ID
00 03,, . .
Number_of_root_object_lists (n)
00 05, . c e
Root_object_list_id_0
. Root_object_list_id_n-1
XX XX,6 Subunit_dependent_length
- Subunit_dependent_information
XX XX, gt
Subunit_dependent_length
YY YY, Manufacturer_dependent_length
" Manufacturer_dependent_information
- YY YY ¢+ Manufacturer -
_dependent_length

FIG. 3



Figure 5 shows a table 500 which lists the specifications of the various
medi a types. In accordance with one enbodi nent of the present invention,
each of the physical nedia type specifications (e.g., the

physi cal {rydonjsydses[ x] fields) has the general format as shegwusps/isstd e 500.
It should be noted that certain slots within a changer of the present
invention may only support a subsetggly the physical nedia types that are
supported MQOthe entire changer. For this reason, each slot object -
descriptor contains a collection of the indexes of t he

physi cal _nedi atype[x] fields that represent the physical nedia types
supported in that slot. For nore details, pl ease refer to the section
titled "Sl ot ific i ich is described bel ow.

I n accordance Wddieé©ffseesent invention, the spgeatdrteati onlength field
I ndi cat es tlhetotalnunber off bytes

00,, Subunit_dependent_information_attributes
01,6 Media_capacity (MSB)
02,, (LSB)
03, Number_of_load_positions (m)
04, (MSB)

: ' Load_position (0)

. (LSB)

. . (MSB)

. Load_position (m - 1)

. (LSB)

Number_of_supported_physical_media_types (n)

(MSB)
Physical_media_type (0)
(LSB)

. (MSB)
: Physical_media_type {n - 1)
(LSB)

FIG. 4



for the entire nedia type descriptor, including the type
REPLACEVENT SHEET
1 SEP 2000 17a dependent part.

The physical nedia type field identifies the physical for r t he
nedi a t KO 689 ypunit can handl e. The type_dependent Ie%{.ﬁﬁgﬁéﬁsﬁh

cont ai ns t%ignunber of bytes used by/the type dependentinfornation field.
The

Address Offset Contents T
00, Specification_length (type_dependent_length + 3)
Ol Physical_media_type
0216
03, Type_dependent_length
: Type_dependent_information
03,6+
Type_dependent_length
FIG. 5
600
Physical_media_type Value Comment
12 cm disc 01,6 Standard CD / DVD form
8 cm disc 02,, Small CD form..
MD 03,; : MiniDisc .
30 cm disc 04,, Standard LaserDisc
20 cm disc 05,6 Small LaserDisc
DVCR standard cassette 31,6
DVCR small cassette 32,6
DVCR medium cassette 3346
VHS cassette 22,
VHS-C cassette 23,6
Beta cassette 414
DAT cassette 51,
8 mm cassette 9246
Standard audio cassette 53,5 -
All others All others Reserved for future definition
-1G. 6




WO 99/06998 PCT/US98/15602
200 10/19
List_type | Value Comment
' Objects in this list represent the slots in the changer. There is only
Silot List 80, [one of these lists, and it is required. This is a root list (referenced
from the subunit identifier descriptor). _
Each slot object may have a list or list hierarchy describing the
Content See |contents of the media in that slot. Each fist in this hisrarchy will
List(s) notes {come from the drive subunit which is able to read the media, and
the list_type values will be based on the media format.
The changer may support user-defined presets for favorite
E{:t?se)t 81,, [selections among the content in the changer. There may be
several of these preset lists supported by a changer. -
800 |
~ General AV/C Slot List Descriptor
Address Contents
00 00,,
Descriptor_{ength
00 01,
00 02, List_type
00 03, Attributes
00 04,

List_specific_information

Number_of_slots (n)

Slot (0)

Slot (N - 1)

FIG. 8




WO 99/06998

00

11/19

PCT/US98/15602

Attribute Value

Name

Meaning

T XXXXXXX

Has_more_attributes -

if this bit is set to 1, then the next
byte is also an attributes byte. If this
bit is 0, then the next byte is as
defined for this structure.

X0 xx

Skip

If this bit is set to 1, the reader of this
list must skip the list or object entry

because it currently does not contain
valid or useful information (however,

the fields do exist in the structure).

When this bit is clear, then the
information in the list or object entry
is valid.

XXTXXXXX

Has_child_ID

VALID ONLY FOR THE OBJECT
ENTRY DESCRIPTOR

If this bit is set to 1, then the object
entry has a child_list_ID field. i it is 0,

then this field does not exist in-the

structure.

XXX TXXXX

Has_object_ID

VALID ONLY FOR THE OBJECT
LIST DESCRIPTOR

If this bit is set to 1, then all objects in
this list have an ID. If it is zero, then
all objects in this list do NOT have an
ID,

' XXXX XXX

‘Has_specific_info

if this bit is set to 1, then the
descriptor has a descriptor
specific_information field. If this bit is
0, then this field does not exist in the
structure.

All others

Reserved for future specification

FIG.

9




REPLACEMENT SHEET

18 t ypedependenti nformation field contains information that is
specific to each type of nedia supported by the subunit. At present
t her e i swomologgss dependent i nformati on defi ned forPE€TYES98/15602
currently-defined nedia types. The 12/19 physi cal nmedia type field of
tabl e 50QQ0) further descri bed bel ow. 5 Figure 6 shows a
tabl e 600 which shows the currently-defined formfactors of the
present invention. As shown i iGérashEARIC Object Dascriptpsi cal nedia types afe
df d duatc IiLCUI.II % J f |
erined an B\Address d"seotu.,uw TUqrTC
0045 Descriptor_length
0144 .
02,4 Entry_type
03,4 Attributes
Child_list_ID
Object_ID
Entry_specific_information
1100
_ Slot List List_Specific_Information
Address Offset Contents
00 .
18 List_specific_Information_length
01,,
02,6 Attributes_of_slot_list_specific_information
03,,
4
0416 Last_update
05,,
06,
076
Empty_slots
Siot_list_ID

Slot_list_name_length

Slot_list_name

FIG. 11



Medi a Changer Status Descriptor The nedi a changer status
descriptor data structure provides infornmation 10 about the current
status of the nedia changer subunit. The nedia changer subunit may
be in dlfferz é states depending on what it is currently d @S 1&5%

of medra, i dI e,

Qo @

for ?‘Ppl e, noving the nechary smto select a pi ece
error stapgo: ddress possi b]y becguse of)a phygical opstruction--or the
like. In accor Wi |t Msthe T presgent i nqent ion] control | ers r’dﬁb
exam ne the st et+ptot—are— et t—1t mptg et o S+
changes using t h@YaHANGER STATUS chﬁ%%FdMe‘m(b"s)) h/Ejigaéh n'g thcfﬁ kits)s
Obj ect Lists 01 Month BEbRS |ng now to Fi Bitsp table 700 |gfmt
object lists drefé add Hy—the fga J c“"“g[qmyiﬁuw..).at Froget—of ”\em
present invent) oM2g ghown. Hours (4 blts) THe obj ecMinutes {6bits) ot 1 sf
(the sl ot objefT ShQ T e vA00 nay have 2 1 STS,.
depending on t e%(béha mpdf\/&s()@%lﬁse) changer to ngnnt?d“‘p%&%) ists The
child lists represent the contents of the media in the slot. The objects in
a contents list wWill rep ei l"ﬂ? audi o or video tracks (or
segnents). In order to build the . -
1300
T Address| o0 l ' | l l Isb
offset :
00,, Slot(7) S Slot (0)
01, |Slot{t5)| ==--e-- Slot (8)
Slet | ...
1400
Address Offset Contents
00,, Entry_specific_information_size
01, Entry_specific_attributes
02,, .
. Installed_media_format
03,
04, Installed_physical_media_type -
05, Number_of_supported_physical_media_types (n)
06,6 Supported_physical_media_type (0)
07,6 .
08,, Supported_physical_media_type (n - 1)
09,
. Load_position

FIG. 14



contents |ists,

noted that 25

t he nedi a changer subunit nodel
appropriate drive subunit to get the contents descriptions.

enbodi meN¥Q 998689 hanger cannot .

will
It should be

while the drives can read the nmedia in the present

For details on audiRSTHIS98/18600

tracks, please refer to the well kgg?ggANYC DI SC subuni t
definitid®QIn addition, for nore defalled information regarding objects
and object lists, readers are referred to US Patent Applicatien
" VETHOD [A¥Ribute Bit| ARTABAE RaRfeR REPRESENTI NG DEVIggnfi® AVAI LABLE
19 I NF HLNL A _NEDWORK OF A CES USING CBIECT 1P STS _AND ORIECT
ENTRIES| filed on Narch 17, 1998, Wi gl ik isSG69 #héif tehEABRY i also
“1xxxxxxx |Has_more_attiributes|an attributes byte. If this bit is 0, then the next
byte is as defined for this structure
1 = Media is present ih this sfot
XXXXXXX? Present 0 = No media present in this slot
1-= Media is assigned to this slot
XXXXXK1X Assigned 0 = No media is assigned to this slot
1 = The media in this slot cannot be read
XXXXXTXX Unreadable |4 _ The media in this slot can be read
1=The d'_a(}a in the installed_media_format field
: is vali
XXXX1XXX Format_valid 0 = The data in the installed_media_format field
is not valid
All others _— Reserved for future definition
1600
Media_type (high) Value Media_type (low) Value
CD-DA 01,
CD 01, Video-CD 02,6
Data 0E,,
" Premastered 01,
Recordable 02,,
MD 0316 Hybrid 03,,
Data 0E,,
Movie 01
DVD 05 18
16 Data 0E,,

have to work with the




Figure 8 shows a table 800 of the general AV/IC slot |ist data structure.
Tabl e 800 shows the general AV/IC slot |ist data structure. Those desiring
the full description of the general |ist contents and usage requirenents
are referr the well known AV/C specification. It sho d that

t he IisPJ%%’Z%%?ﬁc information field exists only if spemf?ié%lg&/{}ﬁ&f
attributes field. The attributes fibgld of table 800 is further described by
tabl e 900 pphow. Wth reference nowto Figure 9, a table 900
illustrating the attributes that are defined for both object |ists and

object entries is shown. It should be noted that sone of the attributes
Shom | t M\ra +hﬁn r\nr\ Lca

T TruT e INT 1

others hre unique to lone typ¢ § p bptluyre]( .g., as noted in the des_crlp i on
of the httrobgode FOr \m{aaplie bg ?pe)_ IdIDattrldumtnesmd tthe -

D

(D

has_obj pct _ID attribute are aI | df on t he object entry descri ptdr hnd
the objkct 1ist descriiptor, re§oect$v I e
. Add a new piece of media to an
Import Media | XX,q empty slot in the subunit -
Export Media XX, ?t?&?\\i,te a piece of media from the
. Move a piece of media from a slot to
Load Media XXy a drive subunit
. ' Return a piece of media from a dnve
Unload Media | XX, subunit to its assigned slot

FIG. 17

1800
wl || || e
Opcode | © Import Media (XX, ;)
Operand (0)
Slot_number
Operand (1)
Operand (2) Status

FIG. 18



Referring now to Figure 10, a table 1000 illustrating the general AV/C
obj ect descriptor structure is shown. It should be noted that the childli st
| D, objectlD and entryspecific_information fields exist only if specified
in the wax99i0698es field. Objects are uni que based on thei PCEAISB/1560he and
entry_specific_information fiel dsa/18he contents of the |ist

speci fi 190 ormation field for each of the media changer subunit nodel

obj ect are discussed below, along with the definition of the correspendi ng
objects far thaose lists Slot list and slot objects The slof |jst
cont ai n§ AesponsatType fReurnddStatakliect i on of nedi Méanihge sl ots of the
nmedia c S tHI TR e -t e—R =SSt s ettt Jout
the typ¢ of Agegptadconfai negoin a ckIHOQDEIQQ’“'T‘HUQ,W?%Peé%WﬁeW’tEM sl ot
could h¢ld a differenf type & nedijAroblem. -

REPLACEIVENT SHEET The command was rejected because of a

Rejected 01, siot assignment conflict. The controller must
first EXPORT the media from this slot.
The command was rejected because the
Rejected 02,, atfected cartridge had one or more media
installed in a drive.
Rejected 03,6 The specified slot_number was not valid.
S All others  |Reserved for future definition

FIG. 19

2000
208 M I N B
Opcode 7 Export Media (XX,4)
Operand {(0)
Slot_number
Operand (1)
Operand (2) Status

FIG. 20



19a Accordingly, one of the nost significant attributes of the slot
list is the fact that it does not contain any information that is derived
fromthe nmedia contents. Al information within the slot |list and sl ot

SlsojerG.Cts Jv?w%@ﬁed by the nedi a changer subunit nodel or 'P%I%éb\éhgfog by the

17/19
2100 -
X N A I O R
Opcode _ Load Media (XX,;)
Operand (0) Load_position
Operand (0) Control
Operand (1) Object_number
Operand (2)

FIG. 21

2200
2% N O N I I
Opcode Uhload Media (XX,,)
Operand (0) ' Load_position
Operand (0) Control
Operand (1) Object_number
Operand (2)

FIG. 22



20 Figure 11 shows a table 1100 illustrating the slot

|l istspecific information field fromtable 800 of Figure 8. As shown
in table 1100, the list specific information length field specifies
t he nuniveo 99/669b8t es used for the i st specific infROTASISUS60RI el d.
The attributes of slot |ist speagfic_information 5 field is reserved
for fut definition. The last update field indicates the tinme stanp

when this Tist was |last nndified 1f the nnst significant bit of the4ast
update field is set to one, the | ast date val ue cqntains a 27-bit
counter which is in¢r#esasea@ Madia Changeé&dh"ﬂﬁd@ﬁ'@a\’ﬁoﬁnof t he obj ect
list (the LSB of this countl&EER $384 Godmanicatidnsetink @316). If the
msb is zero, the | as$t update field contains a tine stam@300ijis field is 10
shown in greater detail in table 1200 b¢l ow. Referring
still to table 1100 of Figure 11, the efpty slots field is a bit mask

i ndi cating whether the slot associated With each bit contains a piece of
medi a or not. ) the slot. The

control ler may examjne cwu@ thb%taxus and Corftentdes et Medmi cHl y whi ch slots
are popul ated or nof. {S‘ﬁnltt o %r(ﬂk) r]ifBrr?l g¢xam ne

fficiently the slof | ?%?J |
ontrica 1 Sl erpt FOgRL ng*ﬁsﬁeﬁ “Rtotas Ther é?e@a{z%% Jorar ) Sim tabl e
1300 bel ow, l

Manipulate the Media (e.g., discs) Stored in the
Disc Changer Mechanism Subunit by
Communicating with.the Media Changer Subunit
Model'via the IEEE 1394 Link
2303

l

Update the Status of the Medié Changer Subunit
Model to Reflect the State of the Disc Changer
Mechanism Subunit and the Media Stored Thereon

l
Send the Updated Status to Other Devices via the
IEEE 1394 Communications Link

2305

FIG. 23



The slotlistID field contains the ID value of this slot list. This field
may be used to assign a unique ID to various collections of nedia,
where a collection could be in a renpvable cartridge. Each
cartridge could _be assigned an ID value to 20 assi st w
identifig%’&’t"‘u*‘@ﬂgéf  ndi vi dual pi eces of nedia within a gi v\é!;\é@%glsgg??on.
The slotlist name length field contains the nunber of bytes used by the
slotlist_name field. The slot listname field contains the nanme of the_sl ot

list, whi ch woul d nor nal?42%e assigned by the user. The contents of
this fielZ4@houl d be printable English ASCII text as defined in the -
| EEE 1212 standard, section 8.1.4 of 25 the 1994-10-05 edition. Each
text character is one_hyte Figure 12 shows a table 1200

illustrating the | ast date fjeld. As dgscr, bed . oje, the I ast

update field indi cat ek LD new; egtaa(ﬁpgwfgﬁg)t'ﬁf%aﬂi%‘ta'\ﬁéée ﬁﬁgt

nodi fi ed. The year bit ofoftaaBiss GhangesMechapism Subysirofia odi and 0 when

t he year is pven. This Multidse Media Rdayaranp macgi\m sEmto cover a
t wo-year period. The l 3NN

Access the Media Using a Media Changer
Subunit Model to Determine the Characteristics
of the new Media 2402

l

Update the Media Changer Subunit Model to
Include the Characteristics of the new Media

2403

Send an Updated Status to other Devices via an
IEEE 1394 Communications Link

2404

FIG. 24



21 = reédder ‘of the tinme stanp, can examine the year bit and the current
cal endar -year (e.g., which is presumed to be available el sewhere) to:
determine if the tinme stanp represents agghange in the current or; previous
year. c[r‘ﬁlﬁgferri ng now to Figure 13, a table 1300 illustrating :the
- format of e enpty_slots field is shown. Asdescrlb”,
enptyslots field of table 1100 is a bit nmask indi catﬁ lﬂ i"#’ ﬁlﬂ(f"fsl ot

M S *

associ at edhatt hseathimed T=ntai ns a piece of nedia or*net. .

1. A system for accessing a changer mechanism of a media
player, comprising:

a .media player for storing a plurality of items;

a changer mechanism having a plurality of slots for storing
the plurality of items, and configured to play any of the
plurality of items;

a computer system coupled to the changer mechanism, and
having a processor coupled to a memory; and

a software based media changer model for executing within
the computer system and comprised of computer readable code
which when executed by the processor cause the computer system
to perform a method for accessing the changer mechanism, the
method comprising the steps of:

interfacing with a plurality of devices coupled to the
multi-item media player via an IEEE 1394 communications
link of an IEEE 1394 compliant network; and

providing a standardized command set for the changer
mechanism to provide a set of standardized commands that
allow the plurality of devices to access the changer

mechanism such that the plurality of devices can access any
of the plurality of items.

2. The system of claim 1 wherein: the system is in a
home audio visual network including a plurality of devices
coupled via an IEEE 1394 bus; the changer mechanism is a media
changer mechanism, the media player is a multi-item media
player, the items are media items wherein the media player plays
any of the plurality of media items; and the changer mechanism
is a media changer mechanism within the multi-item media player.

3. The system of Claim 1 or 2, wherein the player is a
disc-based multi-item

MSG/February/99/616220.rsp

AMENDED SHEET :



The er'. of . sl 'ot"s 'the val ue of V\hi-c'hﬁg‘an be found in the
nunb ml “”l i L“ the sl ot Ilst descriptor. The size, in bytes, of
S

t he em \t wll, therefore,: bggdeterm ned by the capamty-of t he
medi a changer subunlt The remai ni ng bits which do not represent valid

sl ots should b seiryed fyscen of clhid"OUbtleREi NS ddily UifunBER! fo8bP! o

field indicates mhlc sl"ots have been ass a prece o

does not ipgtpd ﬁﬁe?h@‘?dﬁﬁe‘%g‘&?%eﬂt?@tﬁ ad%"r’é’ﬁPFy s&é&HBFésdﬁﬁ% slot or is
in a dri seruStote dbeschilhing @ qQiraeatofstaedsaofis thened stco chhsgernay
current| yobBRagBhY because the nmedia is in a drive. In this case, the slot
Is not available to receive a different piece of nedia. The
entry_specificattributes field of the appropriate slot[x] descriptor
deternines if 13.s| Ghe systemppEdChaimod . whertigy Wiy aeadientahangpecinbel

i nformat igBludes &&f 8b5eEE DDYE t o ftviret dita Ftrablard4@Bri kkHskiRd i et he

contents of the disc changer mechanism.

12. The system of Claim 5 wherein the media changer model
includes command software data structures for controlling the
function of the disc changer mechanism.

13. A method for type independent accessing of a disc
changer mechanism of a multi-disc media player coupled to the
network, in an IEEE 1394 based home audio visual network
including a plurality of devices coupled via respective IEEE
1394 communications links, the method comprising the steps of:

storing a plurality of media disks in a disc changer
mechanism of a multi-disc media player;

playing one of the plurality of media discs using a disc
drive coupled to the disc changer mechanism, the disc drive
configured to accept media discs as loaded by the disc changer
-mechanism;

interfacing a plurality of devices coupled to the multi-

disc media player via an IEEE 1394 communications link of the
IEEE 1394 based network using a computer system of the multi-

disc media player, the computer system having a processor
coupled to a memory for executing a software based media changer
model, the media changer model comprised of computer readable
code which when executed by the processor cause the computer
system to perform the steps of:

providing a standardized command set for the disc
changer mechanism to provide a set of standardized commands
that allow the plurality of devices to access the disc
changer mechanism such that the plurality of devices can

access any of the plurality of media discs; and

MSG/February /99/616220.rsp
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entry_specificinformation field in the slot object |ist descriptor is
shown. I n accordance with the present invention, the nunberofslots field in
the sl ot object list descriptor contains the nunber of slots in the
changer. ‘It also represents the number of objects in the slot |ist because,
i n accordance wi?A¥ 8aReenBodt FeRES oPtE he 1fr ¥ FPPITREHR dA, CRINTRPE &Y onl vy
one sl ot object Yor Chcmdsb? disbte isksbalbe. fetal.ls dhehmedzirefele a slot.
22 Ref er ri ngreleht |inkBnt R SudftR®s Adnneh&dhedtd 40 £he av/c protocol for
ent ry_speci fi ¢_i BLQLIRLIORS1 G, bl el RdliGR! G5l e IUBRA! 0hoMhEs dised for
the entry_specifici Rt ornatron 1 erd. e entry specrfirc_attributes Tield
contains a set ot q;pgrqq éagtraction of content discovery and description, and
allowing for a range of controllers (from very simple to very’
complex) to make use of its features. In addition, the present
invention includes support for status reporting and notification
mechanisms so that controllers are aware of what is occurring

within the device, thus keeping the user informed.

The model of the present invention supports the concept of
media collections, which could be removable cartridges holdiﬁg
some_number of discs or tapes, or any other storage item, such
as PCMQIA_cgrds-that store audio qr-ViQeo data. These

' cdiiééiiaﬁé'ﬁay be ideﬁtifiéd and independently manipulated.
Thus, it ié possible to have a very large number of discs,
tapes, etc. in a media library and to be able to access them.
(the number of slots in the media changer is not a limitation to
the number of discs or tapes that could be supported).

The model of the present invention supports any number of
drives from a single media changer; thus, the changer can select
a piece of media and position it in any “load position” for
installation in a drive. The number of locad positions, and
hence the number of drives that can be supported, is limited
only by the particular implementation.

Further, the model of the present invention is defined by a
technical specification in which the implementation is left to
~ the product manufacturer. The specification defines several
data structures for media type description (how to describe a
CD, a DVD disc, etc.), for the contents of the media (titles for
each track on a disc, the duration of each track, etc.), and for
status reporting and notification. These data structures could

be modified in any number of ways to include or exclude various

pieces of information which may or may not be available
depending on the media and the capabilities built 'nng“EEs_media
changer subunit. REFZACfﬁﬁﬁgr G




whi ch describes this entry. The flags are described in greater detail in
tabl e 1500 bel ow. If the present attribute is zero, then the changer
shoul d set the format_valid attribute bit to zero also. The installed

medi aformat field defines the format of theéinformati on on the piece of

medi a installed in thegetdtr. sHdsS al tflemaiivelratislh i objedtnedsdéd om a drive

subuni t, becaused%ﬁ%mo@hgm D! durdaee ook 3vend ieoabld |1y Lo

read the nedia r mat va attri I's clear field
shoul d be |gnoreﬁmﬁ§‘fﬂ% controller The val ues defined for

I nstal | ednedi a_format depend on the type of nedia. The disc nedia
definitions of the preserd 8 sh@R hotakdkei TRist el nigntiealabfertA0RV e syt

The install ed_physi«ahedmii-fediieot | lelpisschpeidvaferf a
physi cal nedi at ype[ x] descriptor, as defined in the medi a changer subunit

nmodel identifier descriptor. If no nedia is present in this slot, then the
value in this field ghggﬂqj9b§hqqﬁqer%gplgylllustratlng the attributes that are

defined for both object lists and object entries in accordance
with one embodiment of the present invention.

Figure 10 shows a table illustrating the genera} AV/C
object descriptor structure.
A% B
Figure 11 shows a table illustrating the slot
~ list_specific information field from the table of Figure 8.

Figufe 12 shows a table illustrating the last_update field
in accordance with one embodiment of the present invention.

Figure 13 shows a table illustrating the format of the
empty_slots field in accordance with one embodiment of the
present invention.

Figure 14 shows a table illustrating the
entry specific_information field in the slot object list

descriptor in accordance with one embodiment of the present
invention.

Figure 15 shows a table illustrating the flag definitions
in accordance with one embodiment of the present invention.

Figure 16 shows a table illustrating the disc media

definitions in accordance with one embodiment of the present
invention.

Figure 17 shows a table illustrating the media changer
subunit model commands of the present invention. '
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a controller. The nunber of supported_physical _nedia_types field
contains the nunber of different physical nedia sizes that can be supported
by this slot. The supported physical nediatype[x) fields are indexes of
physi cal,’ nmedi a type[x] descriptors, as defi’ned above for the

i nstal | edphysi cal nedi a_type field. The | oad position is the ID of t he | oad

position to which the, ogded in the
slot the value in the oaggg\gi@%v}gngflelavq F%ﬂ% &ﬁoggﬁjl@{/ a control | er.
Fi gure 15 shows §OP%Ba § RESSPRE i iy r ey P%d’l&é?‘i’ ’tions in accordance

wi th one enbodi nent of the present invention. As described above, the entry

specificattributes firebarofiot sivwe d4€ble01Tak b atdng etheOiabidusf tagonehi ch
describes this ep{fd of At rdatihss NOMRLL NG TRAYALA 1hDERAH! ags.

Figure 20 shows a table illustrating the EXPORT MEDIA
control command from the table of Figure 17.

Figure 21 shows a table illustrating the LOAD MEDIA control
command from the table of Figure 17.

Figure 22 shows a table illustrating the UNLOAD MEDIA
.- -control command from the table of Figure 17.

Figure 23 shows a flow chart of the steps of an exemplary
interface process between a media changer subunit and devices on
a home audio visual network in accordance with one embodlment of
the present 1nvent10n

Figure 24 shows a flow chart of the steps of a process of
updating a media changer subunit model as new media is added to
.the disc changer mechanism subunit in accordance with one
embodiment of the present invention.




23 Figure 16 shows a table 1600 illustrating the disc nedia
definitions in accordance with one enbodi nent of the present invention. As
descri bed above, the values defined for installednmedi aformat field of table
1400 depend on the type of nedia, as shownidn table 1600. For exanple, a

DVD novi e di sC WodthfdrRaMRri toGnehe! wifer@5 Ofold examp@RN G121 Eoﬁﬂ:%ﬁiix?"@_e@%ent
obj ects Cbn%enH? h&ft of thq?g;esqﬁt kqienééon.are.chl! l'ists of the
sl ot objects. Eath 2F3t™BbPRA® PRPTHEEHIR 8 pirEcR°® nedia (if one is
installed in the slot). The child lists of ‘the nedia represent the contents
of that nedi a. The Media changer subunit model 150 supports the concept of

media collections, which could be removable cartridges holding

some number of discs or tapes, or any other type of rémovable

media (e.g., game cartridges, etc.).. These collections may be

identified and independently manipulated. Thus, it is possible

to have a very large number of discs, tapes, etc. in'é media

library and to be able to access them (the number of slots in

the media changer is not a limitation to the number of discs or

tapes that could be supported).

The media changer subunit model 150 is defined by a
technical specification in which the specific implementation is
~— left to the product manufacturer. The media ¢hanger subunit
model specification of the present invention defines several
data structures for media type description (how to describe a
compact disc, a DVD disc, etc.) the contents of the media
(titles for each track on a disc, the duration of each track,
etc.), and for status reporting and notification. These data
structures could be modified in any number of ways to include or
exclude various pieces of information which may or may not be
available depending on the media and the capabilities built into
the media changer subunit.

The software data structure of a typical media changer
subunit model of the present invention (e.g., media changer
subunit model 150) and one embodiment of a disc changer
mechanism subunit (e.g., disc changer mechanism subunit 160) are
described below.

Media changer subunit _model overview

In a typical application, a media changer subunit model of
the present invention is used to implement an AV/C media changer
subunit model. As described above, an AV/C media changer
subunit model in accordance with the present embodiment is a
stand-alone piece of functionality separate from any specific

type of media playing mechanism (e.g., disc changer mechanism

1
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I n accordance with one enbodi nrent of the present invention, the nedia
changer subunit nodel does not have specific know edge of content
descriptions. It gets the information for content descriptions fromthe
drive subunit which supports the nmedia in 13 slot. For detailed
descriptions of the contents description structures, please refer to the
approprtat & Speoleo) ¢ali@Mad/l Rbafl NoReIUMILLL model suppbBEL WALLYS Subunit
will define its QN dga %Iruc ures ftaor, co%}eent é’escrl I Qn, an The
appropri ate obj ecPeFi %t T4 PR st5 PPhe Tareese oBecdide At subunits define
t hese structures independently, it is possible that two different types of
subunits will define the sane list _type value for lists with very different
contents. Because the nmedi a changer subunit nodel gets its content lists
fromdifferent drives, it is possible that the listtype values for the
lists mai ntained by the changer could conflict with each other. . The
controll er nmust exam ne the slot object descriptor : '
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I nstal |l ednedi aformat field to determne the format and definition of the
contents list hierarchy that descends froma sl ot object. Preset Lists
and Preset (bjects In accordance with the present invention, it should
be appreciated that the changer subunit mayizsupport any nunber of '

Cformati o o bl TR sol et (e MLADRIBLESE aublitle SR e BLRBOME e of
nedi a.. The specf?’?tc?é.f‘?‘grylgghrb&hfss%r “?%‘?m\%g%lﬁga 'a?%srq:ge r‘eé]’,aglsl%p%hgt t he

preset may refersbqpygnpeiqhgngddress {subunit_type, subunit_ID} of the_drives.

1

It should be.noted that the subunit address may be any
number of bytes in length, depehding on whether it uses the
extended addressing mechanism or not. Details are presented in
the av/C specificatioﬂ document. The subunit_typé should be in
the most significant bytes and the subunit_ID should be in the,
least significant bytes of this field. wWhen the changer has
load positions which go to external locations, the load position

. value assignments are implementatioﬁ dependent. -

The number_of_supported_physical_media_types field shows
how many physical media sizes this subunit can support. . The
~ .physical_media_types[x] figlds'are-an array ofiSupported {(as
opposed to installedf physical medié specifications which
describe the physical characteristics of the media. The
physical_media_types([x] fields of table 400 are further
described below. '

Figure 5 shows a table 500 which lists the specifications
of the various media types. In accordance with one embodiment
of the present invention, each of the physical media type
specifications (e.g., the physical_media_types[x] fields) has
the general format as shown in table 500.

It should be noted that certain slots within a changer of
the present invention may only support a subset of the physical
media types that are supported by the entire changer. For this
reason, each slot object descriptor contains a collection of the
indexes of the physical_media_type[x] fields that represent the
physical media types supported in that slot. For more details,
please refer to the section titled "“Slot Object

entry_specific_information, ” which is described below.

In accordance with the present invention, the
specification_length field indicates the total number of bytes
for the entire media type descriptor, including the type

REPLACEMENT SHEET
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in an AV library even if it does not happen to be currently installed in

t he changer (of course, the user will have to install the itemin order to

select fromit). Medi a changer subunit nodel commands Ref erri ng now

to Figure 17, a table 1700 of nedi a chang®&ra subunit nodel commands is

shown. Each of §hengaigpass, shown in table 1700 represent basic

24 commands for controlling the nedia changer subunit (e.g.,

i nport nedia, export medi a, | oad nedia, and unl oad nedia). Each of

the commands i s des®rg pbysical_media_type field identifies the physical form
factor of the media that this subunit can handle. The
type_dependent_length field contains the number of bytes used by

the type_dependent_information field. The

- e
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separately in the tables bel ow Figure 18 shows a table

1800 illustrating the | MPORT MEDI A command. 5 The | MPORT MEDI A control
comand |s used to put a piece of nedia into a medi a changer
subunit.* I'f the changer supports cartridgesy then the | MPORT VEDI A

command wi | | af &ﬁﬁk&'&‘%}?%%ﬁhﬂ&em @%@iéﬁ bbdie obfor .L1sTS AND

The sl ot nunber I ch h ceive the n ce of
nedia. |If thereg#’&% %&ﬁ:fgs 161\/\/§ éfglﬁ 13 hlgh lho'tL Jtnﬁer%orr?fgﬁﬁd
shoul d be 10 heFEJ‘EESrEBfeFWQ?rder to change the medi a assi gnnent of a
slot, it is necessary first to EXPORT the currently assigned nedia
and then | MPORT t he FlgWr @Bsdtsﬁows s table 800 of the ldenthar &viE Aot erfiyabl e

cartridge |nserteg mgjj&hteu ged &bghag%ers ovag gﬂe gﬁa‘ﬁhrﬁp‘wc srlot f&t g%ns thlls

slot, then the car‘=t1 g% € ejecC can at | the
new nedia if thEtEIHUres fihgee td@%treq vhe full descpirtioni of the ‘%‘?ﬂ?re rtridge
has one or 15 listizosteits asd wedpe fagpiratehes apgateterradttal the wedla dri ve,
then the medi a &heRYAN/C specificbom) t 1EByhoRiEd BleTnbt enatramd or it may

ACCEPT t he C(NﬂT&ng _specific_information field exists only if spec1f1ed in the
attributes field. The attributes field of table 800 is further
descrlbed by table 900 below

With reference now to Figure 9, a table 900 illustrating
_ the “attributes that are defined for both object lists and object
~ entries is shown. It should be noted that some of the

attributes shown in table 900 are common to more than one kind
of descriptor, while others are unique to one type or another
{(e.g., as noted in the description of the attribute). For
example, the has_child ID attribute and the has_pbject_iD
attribute are valid only for the object entry aescriptor and the
object list descriptor, respectively.

Referring now to Figure 10, a table 1000 illustrating the
general AV/C object descriptor structure is shown. It should be
noted that the child_list_ID, object_ID and
entry specific_information fields exist only if specified in the
attributes field. Objects are unique based on their entry_type
and entry_specific_information fields. The contents of the
list_specific_information field for each of the media changer
subunit model object are discussed beiow, along with the
definition of the corresponding objects for those lists.

Slot list and slot objects
The slot list contains information about the collection of
media in the slots of the media changer subunit. There are no
assumptions or requirements made about the type of media
contained in a changer. Thus, for example, each slot could hold
a different type of media.

‘*-—._.
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Referring still to table 1800 of Figure 18, if the subunit accepts the
command, then it should be aware of the followng: It is possible that the
cartri dge has a piece of nedia assigned to each of its spaces, but
one or nbre of those items 20 was instad ed in a drive. Wen the

cartridge is eject EdAcé&QEE?I@YO@@ oEEVIRS bsEPRAGASFicant attrQB@tEbsI baterean
recei ve a pi ece 01 i PR E%ctu%gat ﬂsﬁgéé S0P AgWaiFd g L A¢ %ﬁtﬁ&ace

whi ch corresponds to 8 sl ot dr a assl g and. .
re-inserts the that is d@é?“t’ﬁ’q dgem "Flﬁem%d&tat FeRigEtEhodid °€T‘%tc‘t°€dW‘a%nt he
command shoul d beheREIRCIES: and slot objects is defrfiverhibyr tldgmedjechaeger s a
manual -oper at i OnsyhREUE MoBEl WEh s dsrlovOfled bFethd i8elS rul es regarding
command acceptance or rejection should still be foll owed.

The status field should be set to FF[err] on input. In the response frane
(either ACCEPTED or REJECTED), this field should be updated with

the appropriate

=
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25 status response. These status responses are defined in table

1900 bel ow. Figure 19 shows a table 1900 the vari ous
response types of the response status. As described above, the
returned status of table 1900 is returned aecording to the
"ACCEPTED"' or "REJECTED' responses. 5 Referring now to Figure
20, a table 2000 illustrating the EXPORT MEDI A control. comuand from
table 1700 is sHFATE THe BX VEPACTL FEFDIme the yean‘Fr#ﬁﬁaditgjeused to

take a nedi a outcwfrent medeedazhaAgier(esgbumhich is presumed to be aygidgble 21
shows a tabl e 21éiewhérst ratdatgrinire LOAReVEDIAsCamd represents a ahengarid from

tabl e 1700 aboveyyelRGrtdtDoMgAeds SNLEHE. command is used to 10 set the
media fromthe slot to the drive.

Referring now to Figure 13, a table 1300 illustrating the
format of the empty_slots field is shown. As described above,
the empty slots field of table 1100 is a bit mask indicating
whether the slot associatéd with each bit contains a piece of
media or not.

The value N is the number of slots, the value of which can
be found in the number_of_slots field of the slot list
descriptor. The size, in bytes, of the empty_slots field will,

~ therefore, be determined by the capacity of the media changer
subunit. The remaining bits which do not represent valid slots
should be set to 0.

It should be noted that the empty_slots field indicates
which slots have been assigned a piece of media, but it does not
tell whether the assigned media currently occupies the slot or
is in a drive. Slots which have a piece of media assigned to
them may currently be empty because the media is in a drive. In
this case, the slot is not available to receive a different
piece of media. The entry specific_attributes field of the
appropriate slot[x] descriptor determines if a slot is occupied
or not.

Slot Object entry specific information

Referring now to Figure 14, a table 1400 illustrating the
entry_specific_information field in the slot object list
descriptor is shown. In accordance with the present invention,
the number_of slots field in the slot object list descriptor
contains the number of slots in the changer. It also represents
the number of objects in the slot list because, in accordance
with one embodiment of the present invention, there is only one
slot object for each slot. The slot[x] fields each represent a
slot.

e T
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Figure 22 shows a table 2200 illustrating the UNLOAD MEDI A control

command fromtable 1700 above. The UNLOAD MEDI A control conmand is

used to return the nmedia fromthe disc drive to its own slot.

Referring now to Figure 23, a flow chart of2 the steps of a process 2300 in
é5 aczzgg(r)dance WRTe?eHl%geé’fiqq(i' H@rl:tab‘i’% 148 &f%&ﬁﬁe h@\éadtﬂe' on is SQOV\“
rocess i's ry _inter e LSS we i a

changer subuni t SArid— 1&5_ efrrgm% LD ER R Q?‘n ava]';kt(-itl mﬁf rTffaoe

process i s |rrplE&ﬁ‘i@ﬁtE’éle‘i/|f8rath?eép‘ary—ﬁa?@érlcs{fbﬁ?ﬁ'{“%mr?ﬁdé}ﬂd The in

accordance w t hemty_epdtdinpatit rdbutidse £ pelels emttainw entseonof ®ig. flagedi a

changer wﬁi@luaéécﬂﬁgglthléoergrylzl gl‘hreef]]e@s add RleBOPB AV QI MRFd: as
descri bed abovedeéasllb%ett%bgozléé)g %hlel EEE 1394 protocol s.

Process 2300 begrins’in ré a media changer subunit nodel in
accordance wth the present invention is accessed via an | EEE 1394

conmmuni cati ons If the pkesets descibubedisabevm, then e ceiankermeshavldet wor k
(e.g., network 320 tab Fi:gHEEVaBY attribute bRl dd@srsQUBsAl TAY devi ces

coupl ed vi a | ECEydedd o8 QAT ABHLOMS o Mty DS Okcmar CHTRHAI cat i 0N 11 nks
allow the vari ous evl ces comruni cat e oW N .
information on the piece of media installe 1n the slot. This

information must be obtained from a drive subunit, because the
media changer subunit does not have the ability to read the
media. If the format_wvalid attribute bit is clear, this field
should be ignored by the controller. The values defined for

~ installed_media_format depend on the type of media. The disc
media definitions of the present invention are defined in table
1600 below.

The installed physical_media_type field is the index of a
physical_media_typelx] descriptor, as defined in the media
changer subunit model identifier descriptor, which begins on
page 6. If no media is present in this slot, then the value in
this field should be ignored by a controller.

The number of_supported_physical_media_ types field contains
the number of different physical media sizes that can be
supported by this slot. The supported physical_media_typelx]
fields are indexes of physical_media_typel[x] descriptors, as
defined above for the installed_physical_media_type field. The
load_position is the ID of the load position to which the media
was loaded. While the media is present in the slot the value in

the load _position field should be ignored by a controller.

Figure 15 shows a table 1500 depicting the flag definitions
in accordance with one embodiment of the present invention. As
described above, the entry_specific_attributes field of table
1400 contains a set of bit flags which describes this entry.
Table 1500 shows the meaning of these flags.
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exchange status information, commands, and the |ike. As described above,

the nedi a changer subunit nodel provides a software abstraction of
the functionality and feature _ _

26 set of a nedia-changer subunit (28.g., disc changer nechanism
subunit 160 of Fi gurelgure 16 sHows &ft%@byla@bOﬂl@lsegatghBSEhéig\ié&?%de ]Ehe
network (e.g., c t r net hod o
accessi ng and us‘?‘lﬁtl[;rlQ eac%ﬁ%%ﬂec% g huﬁlln? en*%&%peng £ Preschan nger

n
subuni t nodel ‘%Eéé%‘éd 6‘? FAEE s pbavey. i FRNPT AEETRRS FPRK. 5
In step 2302, nl%@éiweémfpm‘erflql@rqfesaltllﬁeléwfhtdsserah@ncdm evps off t he
medi a chaaljer subhoird iADdable os@mht ardk ienb@sI@Ht b VD RgRTdiang: t he
medi a stored thegQAR nf® the value B4 ] bed above, the media changer subunit
i ncl udes neans for storing nunmerous

Contents lists and content obiject

Contents lists of the present invention are child lists of
the slot objects. Each slot object represents a piece of media
(if one is installed in the slot). The child lists of the media
represent the contents of that media.

In accordance with one embodiment of the present invention,
the media changer subunit model does not have specific knowledge
~ of content descriptions. It gets the information for content
descriptions from the drive subunit which supports the media in
the slot. For detailed descriptions of the contents description
structures, please refer to the appropriate specification (disc
or VCR subunit).

Each drive subunit will define its own data structures for
content description, and the appropriate object lists and
list_type values. Because the subunits define these structures
independently, it is possible that two different types of
subunits will define the same list_type value for lists with
very different contents. Because the media changer subunit
model gets its content lists from different drives, it is
possible that the list_type values for the lists maintained by
the changer could conflict with each other.

The controller must examine the slot object descriptor
installed_media_format field to determine the format and
definition of the contents list hierarchy that descends from a
slot object.

Preset ILists and Preset Objects
In accordance with the present invention, it should be

appreciated that the changer subunit may support any number of

P




i ndi vidual itens of nedia, which in this enbodi nent happen to be discs

(e.g., DVD di scs, CDs, CD-ROVs, or the like). The nedi a changer
subunit nodel maintains 10 several tables which catal og the status
(e.g., titles, content, etc.) of the vari ozga di scs stored within
the disc changerusggcxk@gbgrﬁlglépumgacthH MQBE‘aﬁfe@Qt'ﬁs‘ébgﬁé&‘%Qe?y
external devices QX aueryl % %elr subunit nod

In step 2303, thé particu ar externa PEH WaRf FYatEe i %%el ect ed

di sc st (ﬁegﬂe?"n Wh@‘ydpé%c%ﬁén@%}laﬁec%n%?ﬂl@mm pycoswhmUAvEcat i ng
an appropriate IXsmovableoparrddges,nedi thatheingetesadehy WetekNeo labEzE ce394

communi cati ons IsnNkn av libraryConsegeent kmes ln%tsﬂ%eg%4bet bnﬁu%héi ys of the
medi a changer sqtp,ggé eﬁoﬂ?lthe cﬁrﬁglggt egj Bourse. %he( ‘ésﬁr eq aS})enew state of

t he di sc changer, anl sm sub
stored thereon. 11"ﬁ'é‘?ﬁ the sitep Ia@sdey Hi°s BREAL &P at us |s sent to the
particul ar external controller (e.g., set top box 125 of Figure 1B,

receiver 122, omMetihe dhiak€dr whmﬁlrtem&&ﬁEgaﬁnanas 1394 communi cations |ink by

the nedia changer S UfHaL -4 ce.now to Figure
24, a process 24\%& in ac %)nrgdgﬂvéetowm%ure 17,  Vabil 12%(? mBRE S \Nh?’Fﬁf Tor esent

invention is shé 1?356‘6“’%1‘ Epglurod dize commands shewscé8s 2400
is an exenpl arytlah%%rlﬂaﬁerepffe%%@:sbb%t%en a nedi a changer subunit and -
devi ces on an | EEE 1394 based hone AV network. However, process 2400
depicts

ey
AP e
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25 the steps involved in updating a nedia changer subunit nodel as new

nmedia is added to ' t he di sc changer nechani sm subunit.

In step 2401, a user loads a new nedia item(e.g., a disc) into an

avai |l abl e sl ot of the di sc changerz7mechani sm subunit of a

mul ti-disc nedia player. In step 2402, the nedia (e.g., the disc)

i's accessed usi ngaracrgaefl%]l%gangethesggwu 5la{rqg§1]n t Qg %s%g%%gaw@e' the

27 characteri descri the nedi a
changer subuni t ™REHRICHPREST FHEEY tWrefrh Hﬁt?ﬁféﬁeilwé§]ért}’r?eéh%‘i1lp A Lubuni t to
det ermi ne t he cherbotien sthupibftd detervine the characteristic of the new

disc. Such characteristics include, for example, the title of
the disc, the number of volumes on the disc, the titles of each
of the volumes, and the like.

In step 2403, as described above, the media changer subunit
model updates itself to include the characteristics of the new
media. In so doing, the media changer subunit model maintains
the accuracy of its catalog of the various media items .stored.
Subsequently, in step 2404, the media changer subunit model
sends an updated status to other interested devices (e.g.,
controller devices such as set top box 125). This updated
status properly reflects the addition of the new media added by
the user.

Thus, the present invention provides a model which is media
type independent and thereby supports any type of media (CD’s,
MiniDiscs, DVCR video tapes, DAT Tapes, B mm tapes, etc.) in any
combination (a changer may have CD and DVD discs installed,
etc.). The model of the present invention supports enhancements
to the AV/C protocol for content navigation and selection,
providing both a detailed and a general abstraction of content
discovery and description, and allowing for a range of
controllers (from very simple to very complex) to make use of
its features. In addition, the present invention includes
support for status reporting and notification mechanisms so that
controllers are aware of what is occurring within the device,

~ and thus keep the user informed.

The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations are
possible in light of the above teaching. The embodiments were

chosen and described in order best to explain the principles of
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di sc. Such characteristics include, for exanple, the title of the disc, the
nunber of volunmes on the disc, the titles of each of the volunes, and the
like. In step 2403, as descri bed above, the nedia changer subunit
nmodel updates itself to include the characteristics of the new media. In so

doi ng, the nedi %h%h%%El&PQHH'Ets”BQQéu@UQ hBSadilRE, a&@f@ﬁ&%oofanéﬁl%

catal og of the va Lous e st ste 404, the
nedi a changer sdb& ngérf §ﬁt3ﬁﬁat% gfgﬂﬁ% %%’@Wﬁ%?l Bt est ed
devi ces (e.g. d‘@ﬁﬁ?‘éﬂ Ie€P°‘H€\?PE%§“§bc‘f?ra§u%é‘tOdﬁLéJpFaﬁéﬁni?ﬁ) arer rﬁ“st%c}at ed
status proper I y thef bactisuldre uaddidnitenplaitetihe Tnews nimtlpedeaid dbak het srwpaser .
Thus, the presens iRy eRvEMLR Y ideInd BRdele WILGIS bSpdRdbandARE ana
|ndependent and h@??ngl eEo(grts any type of nedia (CD's, MniD scs, DVCR
vi deo t apes, apes mm apes etc.) in any conblnatlon (a changer may
have CD and DVD dISCS installed, etc.). The nodel of the present invention
supports enhancenents
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to the AV/C protocol for content navigation and sel ection Léif[rmi qlﬁﬁ?
detai.l ed and a general abstraction of content discovery ahd} description,
and allowing for a range of controllers (fromvery sinplejt ﬂ&yj,&fp@iﬂ‘?e )
to make use of its features. In addition, the present invention incl udes
support for status reporting and nOtifIClatIOI’l mechani sms o that .
controllers are aware of what is occurring wwthin the devLe.eT and_thus kee

the user infornmed. ific
enbodi ments of the pMQPﬂ%ﬁW@QfM@% pur poses of
illustration and descripti kal'lo be exhaustive or to
limt the invention to theﬁ{)Sr e%-lp‘ggE or ns gﬂm* ose and obvi ously many
nodi fications and variations are possible in light of the above teaching.
The enbodi nents were chosen and described in order best to explain the
principl es of

: D THE I N

The field of the present invention pertains to audio-video systems. More particularly,
the present invention pertains to interfacing audio-visual media devices via an IEEE 1394 bus

using industry standard AV/C protocols.

~ BACKGROUND OF THE INVENTION

A typical home audio-visual equipment setup includes a number of components. For
example, a radio receiver, a CD player, a pair of speakers, a television, a VCR, a tape deck,
and alike, Each of these components is connected to each other via a set of wires. One
component is usually the central component of the home audiovisual system. This is usually
the radio teceiver or the tuner. The tuner has a number of specific inputs for coupling the
other components The tuner has a correspondmg number of control buttons or control
switches which provide a lmuted degree of controllability and mter-operabnhty for the
components. The control buttons and control switches are usually located on the front of the
tuner. In many cases, some or all of these buttons and switches are duphcated ona hand-held
remote control unit. A user controls the home audiovisual system by manipulating the
buttons and switches on the front of the tuner or, alternatively, manipulating buttons on the

hand-held remote control unit,

This conventional home audiovisual system paradigm has become quite popular, As
the number of new consumer electronics devices for the home audiovisual system has grown
and as the sophistication and capabilities of these devices have increased, a number of
problems with the conventional paradigm have emerged. One such problem is incompatibility
between devices in the home audiovisual system. Consumer electronic devices from one
manufacturer often couple to an audiovisual system in a different manner than similar devices

from another manufacturer.
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skilled in the art best to utilize the invention and VaI’iOJS enbodi ment’s
with various nodifications as are suited to the particul ar 20
contenplated. It is intended that the scppe of the inventi on be deiAB%
the d ains appended hereto and their equtvalents.
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For example, the multi-disc player might not incorporate hardware(e-g,,* —
specific inputs and outputs) which enables the more sophisticated functions of the multi-disc
DVD player to be used with devices made by other manufactures. As such, these functions -

may not be usable with simpler, less sophisticated televisions or cable decoders.

European Patent Application EP-A-0388056 discloses a disc selecting and
controlling method for selectively controlling at least one automatic disc changer.

Intema_tional.Applicaﬁon No. W0-A-97/37202 discloses a personal combute_r
used to control all functions of the consumer electronics devices that presently are

controlled using the front panels of the various devices.

'Europ_ean Patent Application No. EP-A-0658010 discloses a system for
transferring control and data signals over a bus in a netwoerk environment without the
need for a master controller.

Home AV (audio-visual) systems which include multi-disc player devices are
particularly problematic because of the large volume of information the multi-disc player is
able to contain and access. For example, there are several multi-disc compact disc (CD)
players on the market that can hold 200 CDé or more, Considering the fact that a typical CD
may include 10 or more individual “tracks” (e.g., songs), a fully loaded multi-disc player can
present the user with an extremely large, virtually indecipherable mountain of information.
This problem may be made even more difficult given the fact that there may be no intuitive,
readily usable way to access the various tracks with any other remote control (e.g., the

tuner’s remote control) of the home AV system.

" While the emergence.of networking and interface technology (e.g., IEEE 1?;94 serial
communication bus and the wide spread adoption of digital systems) offers prospects for
correcting the above problems, there is still no coherent, open, extensible architecture which
can provide for intelligent content navigation and selection with multi-disc player devices.
There is no system for keeping a user informed by providing status reporting and notification
between devices within a home AV system. As IEEE 1394 technology spreads across
product lines, it is necessary to deﬁne_ logical models and command sets for various devices or

functional groups such as VCR’s and multi-disc players.
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plurality of devices coupled to the nmulti-item media player via a
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in order to provide a thorough understanding of the present invention. However, it will be
obﬁous to one of ordinary skill in the art that the present invention may be practiced without
thése specific details. In ot_her instances, well known methods, procedures; components, and
“circuits have not been described in detail as not to unnecessarily obscure aspects of the

present invention.

In particular, a model is prm}ided which is media type iﬁdé;;end_ent'_ and thereby
supports aﬁy type of med{a (Cﬁ’ls.,-lvﬁniDiscs, DVCR vidéo tapes, DAT_Tapés,MS mm tapes,
etc.) in any combination (a changer may have CD and DVD discs installed, etc.).

" The model supports enhancements to the AV/C protocol for content navigétion
and selection, providing boih a detailed and a general abstraction of content diséd\./ery and
description, and allowing for a range of qontrollers' (from very simple to very complex) to
p make use of its features. In addition, the model includes support for status
_reporting and notification mechanismis so that controllers are aware of what is 6ccurring

-~ within the device, thus keeping the user informed.

NOTATION AND NOMENCLATURE

" Some portions of the detailed descriptions which follow are presented in terms of
procedures, steps, logic blocks, processing, and other symbolic representations of operations
on data bits within a computer memory. These descriptions and representations are the

~ means used by those skilled in the data processing arts to com‘/ey- most effectively the

substance of their work to others skilled in the art. A procedure, computer executed step,
logic block, process, etc., are here, and generally, conceived to be self-consistent sequences
of steps or instructions leading to a desired result. The steps are those requiring physical
manipulations of physical quantities. Usually, though noi necessarily, these quantities take the
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h@%g@@ﬁ( apd disk dejve coupled with bus 100, for storing information and

instructions, Optionélly, system 112 can also include a display device 105 coupled
to bus 100 for displaying information to the computer user, an alphanumerié input
device 106 including alphanumeric and function keys coupled to bus 100 for |
communicating information and command selections to central processor(s) 101, a
cursor control device 107 coupled to the bus for communicating user input .
{nfonnation and command selections to central processor(s) 101; and a signal
input/output device 108 coupled to bus 100 for communicating messages,

command selections, data, etc. to and from central processor(s) 101.

With reference now to Figure 1B, a home AV network 120 in accordance with

one embodiment of the present inven't'ion is shown. Network 120 includes 6 devices: a

‘television 121, a receiver 122, a multi-disc DVD player 123, a CD_unit 124, a set top

box 125, and a video camera 126. Each of the devices 121-126 is communicatively
coupled via respective IEEE 1394 bus links 130a through 130e to form a single
network, wherein.each device on the network can communicate with any other device
on the network (e.g., in accordance with well known IEEE 1394 bus protocols). While
network 120 is shown including 6 devices, it is understood that network 120 is suited

to-include any number of devices, up to the limits of the particular bus technology.

The IEEE 1394 serial bus used by network 120 of Figure 1B isa high-speed bus

‘architecture for interconnecting digital devices thereby providing a universal

input/output connection. The IEEE 1394 standard defines a digital interface for the
applications thereby eliminating the need for an appﬁcation to covert digital datato
analog data before it is transmitted across the bus. Correspondingly, a receiving

application receives digital data from the bus, not analog data, and therefore is not

required to covert analog data to digital data, The cable required by the TEEE 1394

standard is very thin in size compared to other bulkier cables used to connect such.
devices. ‘Devices can be added arid removed from an IEEE 1394 bus while the bus is
active. If a devicé'is so added or removed; the bus autoniaticaliy- reconfigures itself for,
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29 5. The systemof Caim1l or 3 wherein the nmedi a chang Fr“:-PLA M'"Q’LS,EEET
interfaces plurality of devices using AV/ C protocols, the stan '
command set being an extension of the AV/ C protocols.
of Claimb5 wherein the conputer system fiirther perforns the stje
provi di ng enhancenents to the AV/C protocols for content navi
sel ection fteansiniteingd ata Hetvboenhe the Bisting rivdey, | Aindbe i cdnsideredd |
and a general  abstraction of content discovery functionality of the changer
nmechani sm having a unique arldeess pn therhus strarturen Bach mode prowides an ideatificatianer

mechani sm i des at _least e nmov.abl e ti-itemcartridge for

cont ai ni ng @ﬁﬁ&%ﬂ‘%‘iﬁi%&&%ﬁ&f .rsanﬁLﬂs own %ﬁrefﬁgp%(‘ﬁt emof Caims3
wherein the medi a changer nodel includes a nmedia changer identifier '
descriptor software data structure describing the features and capability
of the disc chanlberIBREE h394 communication standard of network 120 of Figure 1B supports

isochronous data transfers of digital encoded information. Isochronous data transfers
are real-time transfers which take place such that the time intervals between significant
insténces have the same duration at both the transmitting and receiving applications.

~ Each packet of data transferred isochronously /is transferred in its own time period. An

“ example of an application for the transfer of data isochronously is from a set top box
125 to a television 121. The set top box. 125 receives the video stream from a cable
company and divides the stream into discrete packets. The set top box 125 then
transfers each packet, representing the images and sounds recorded over a limited time
period, during that time period, for display by the television 121. The IEEE 1394

- standard bus architecture provides multiple channels for isochronous data transfers
between applications. Specifically, a éix' bit channel number is broadcast with the data
to ensure reception by the appropriate application. This allows multiple applications to-
simultaneously transmit isochronous data across the bus structure. Asynchronous
transfers are traditional d;ata transfer operations which take pléce as soon as possible.

and transfer an amount. of data from a source to a destination. -

—_ ~* Itshould be appreciated that the model and comman(i set is equally well suited for
home audio visuial networks based upon othe} well known neMork or bus standards
besindes IEEE 1394, Such standards include, for eiample, ethernet, universal serial |
bus, token ring, and the like. Accordingly, the IEEE 1394 structure of network 120 is

shown and described herein as an example bus architecture only.

As described above, the model .~ - provides a software data structure
which abstracts the functionality of a device on the network and provides a-
standardized method and system for interacting with the device .and for controlling,
using, invoking, etc., the functionality 6f the-device. Particularly, the - model
provides a standardized data structure for interacting with disc-based media. changers
(e.g., Multizdisc DVD player 123) and other stich media changers. - This data structure
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speclﬂcatlon An understanding of the general AV/C enhancements described above is
helpful in understanding the AV/C media changer subunit proposal, and as such, the
AV/C 3.0 specificationis background material.

_ Therefore, that information is not generally repeated here. ‘As'such, only the AV/C

media changer subunit model-specific model, structures, commands and implementation

profiles are primarily described.

As described herein below, it should be understood that the term “media
changer subunit” refers to 2 media changer subunit mechanism, such as disc cl',anger
subunit 160 of Figure 1C.

chur: 'h'mdi nger subunit mode! of the nt inventio

A media changer subunit provides a storage area for one or more drives.
Multiple pieces of media are stored in a media changer subunit, and there may be -
different types of media supported by a changer. As referred to herein, the term
media refers to an individual piece of recorded media, such as a CD, MD, or video
tape. Media may be individually selected by a controﬂer and moved to a drive for
access to the media content. Th; media changer of the present invention has
multiple spaces called slots in its storage area, and each slot can hold one piece of

media. When a piece of media is stored in a media changer subunit it has an

¢

- assigned slot. It is moved from its assigned slot to a drive, and when returned it _

should go back to the same slot.

The ability to place a piece of media in a drive means that the changer has a-
certain “load position” that it moves to for the loading/unloading operation. A
changer that can handle loading and unloading multiple drives will have multiple

load positions, one for each drive.

———
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interfacing a plurality of devices coupled to the nulti-disc
via a communi cations |ink of the network using a conputer syst
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command set being an extension of the AV/C protocol s. '

If the present attribute is zero, then the changer should
set the format_valid attribute bit to zero also. The
installed_media_format field defines the format of the
information on the piece of media installed in the slot. This
information must be obtained from a drive subunit, because the

. media changer subunit does not have the ability to read the
media. If the format_valid attribute bit is clear, this field
should be ignored by the controller. The values defined for
installed_media_format depend on the type of media. The disc
media definitions of the present invention are defined in table
1600 below.

The installed_physical_media;type field is the index of a
physical_media_typel[x] descriptor, as defined in the media
changer subunit model identifier descriptor, e
If no media is present in this slot, then the value in this field should be 1gnored by

a controller.

The number_of_supported physical _media_types field contains
the nunmber of different physical media sizes that can be
supported by this slot. The supported physical_media_type[x]
fields are indexes of physical_media_typel[x] descriptors, as .
defined above for the installed_physical_media_type field. The
ioad_position is the ID of the load position to which the media
was loaded. While the media is present in the slot the value in
the load _position field should be ignored by a controller.

Figure 15 shows a table 1500 depicting the flag definitions
in accordance with one embodiment of the preseht invention. As
described above, the entry_specific_attributes field of table
1400 contains a set of bit flags which describes this entry.
Table 1500 shows the meaning of these flags.



13. The method of Caim 12 wherein said network is an | EEE 1354 et
net wor k. 14. The nethod of Claim 12 or 13 wherein t E,é S| SHEET
system further perforns the step of providing enhancements tfo |the AV/ T
protocols for content navigation and selection for the plurdlijty gf J‘g@cy;,@?

di scs by providing a detailed abstracti28n and a general absfr4ction™ofF ~**
content discovery functionality of tm changer nechani gm 1

The nethod of Claim 12 or 13 wherein sc changer mechabism i ncl udes at

| east one renovable nulti-disc cartridge for containing the plurality of

medi a di scs. 16. The nethod of Claim 12 or 13 wherei Mﬂi
changer mechadi &bt cgdwsisiagear ousel for containing the pl uramm ﬁ lwuilu"l“l
di scs. .7, The.nmethaod.of , Claim12 o rein the nedi@a c¢haMgef *
model i nol uded BURHTLREAA RIS o Blevir l Sfa Bty BB (v o et &
str ECt ur e desGrdhRhgded niebitani £ vithRsthe Afh e/ 1Ayek th® EhdnBér HéchanieRagRIg a
mechani sm '

plurality of slots for storing the plurality of items, and configured to play any of the plurality

=

of items;
a computer system coupled to the changer mechanism, and having a processor
coupled to a memory; and
a software based media changer model for executing within the computer system, the
media changer model comprised of computer readable code which when executed by the
processor causes the computer system to perform a method for accessing the changer
mechanism, the method comprising the computer system performing the steps of:
interfacing with a plurality of devices coupled to the multi-item media player
via a communications link of a network; and
providing a standardized command set for the changer mechanism that allows
the plurality of devices to access the changer mechanism such that the plurality of
devices can access any

of the plurality of items.

2. The system of Claim 1 wherein: the network is a home audio visual network
including a plurality of devices coupled via an IEEE 1394 bus; the changer mechanism is a
media changer mechanism and the items are media items wherein the multi-item media

player plays any of the plurality of media items.

3. The system of Claim 1 or 2, wherein the multi-item media player is a disc-based
multi-item media player, wherein the media changer mechanism is a disc changer mechanism

and wherein the plurality of items are a plurality of discs.

4. The system of Claim 1, 2 or 3, wherein the multi-item media player includes at
least one drive coupled to the changer mechanism, the drive configured to accept and play

one of the plurality of items.
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of the AV/C protocols.

-6. The system of Claim 5 wherein the computer system further performs the step of
providing enhancements to the AV/C protocols for content navigation and selection for the
plurality of items by providing a detailed abstraction and a general abstraction of content

discovery functionality of the changer mechanism.

7. The system of Claim 1 or 3 wherein the changer mechanism includes at least one

removable multi-item cartridge for containing the plurality items of items.

8. The system of Claim 3 wherein the media changer model includes a media changer
identifier descriptor software data structure describing the features and capability of the disc

changer mechanism.

9. The system of Claim 3 wherein the media changer model includes a media changer
status descriptor software data structure describing a current status of the disc changer

mechanism.

10. The system of Claim 3 wherein the media changer model includes an object list

software data structure for tracking the contents of the disc changer mechanism.

11. The system of Claim 3 wherein thé media changer model includes command

software data structures for controlling the function of the disc changer mechanism.

12. A method for accessing a disc changer mechanism of a multi-disc media player
coupled to a network, the method comprising the steps of:

storing a plurality of media disks in a disc changer mechanism of a multi-disc media
player;

playing one of the plurality of media discs using a disc drive coupled to the disc
changer mechanism, the disc drive configured to accept media discs as loaded by the disc

changer mechanism;



NCPLAGEMENT SHEET

r system——

21. The s¥sTé}h of"_anr one of Clainms 1 to 11 wherein the conp
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fu'rther p mwg’d m& ﬁﬂa of providing content discovery fundtijo YN ols
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pl urali t¥h of media discs prior to accessing any of the plurality of nedia
di scs. e computer system having a processor coupled to 2 memory for executing a software based
media changer model, the media changer model comprised of computer readable code which
when executed by the processor causes the computer system to perform the steps of:
providing a standardized command set for the disc changer mechanism that
allows the plurality of devices to access the disc changer mechanism such that the
plurality of devices can access any of the plurality of media discs; and
interfacing the disc changer mechanism with the plurality of devices using
AV/C protocols, the standardized command set being an extension of the AV/C

protocols.
13. The method of Claim 12 wherein said network is an IEEE 1394 based network.

14. The method of Claim 12 or 13 wherein the computer system further performs the
step of providing enhancements to the AV/C protocols for content navigation and selection
for the plurality of media discs by providing a detailed abstraction and a general abstraction

of content discovery functionality of the disc changer mechanism.

15. The method of Claim 12 or 13 wherein the disc changer mechanism includes at

least one removable multi-disc cartridge for containing the plurality of media discs.

16. The method of Claim 12 or 13 wherein the disc changer mechanism includes a

carousel for containing the plurality of media discs.

17. The method of Claim 12 or 13 wherein the media changer model includes a media
changer identifier descriptor software data structure describing the features and capability of

the disc changer mechanism.

18. The method of Claim 12 or 13 wherein the media changer model includes a media
changer status descriptor software data structure describing a current status of the disc

changer mechanism.



RO

19. The method of Claim 12 or 13 wherein the media changer model includes an

31

object list software data structure for tracking the contents of the disc changer mechanism.

20. The method of Claim 12 or 13 wherein the media changer model includes
command software data structures for controlling the function of the disc changer

mechanism.

21. The system of any one of Claims 1 to 11 wherein the computer system further
performs the step of providing content discovery functionality for the plurality of media
items for allowing the plurality of devices to discover the content of the plurality of media

items prior to accessing any of the plurality of media items.

22. The method of any one of Claims 12 to 20 wherein the computer system further
performs the step of providing content discovery functionality for the plurality of media discs
for allowing the plurality of devices to discover the content of the plurality of media discs

prior to accessing any of the plurality of media discs.
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{57) Abstract

In a home audio visual network including a plurality of devices coupled via an IEEE 1394 bus, a system for accessing a media
changer mechanism of a multi-item media player. The multi-item media player stores a plurality of media items and can Play any of the
plurality of media items. A media changer mechanism having a plurality of slots for storing the plurality of media items is included within
the multi-item media player. A computer system is built into the multi-item media player. A software based media changer modet executes
on the computer system, and in turn, causes the computer system to implement a method of accessing the media changer mechanism. In so
doing, the computer system interfaces with a plurality of devices coupled to the multi-item media player via an IEEE 1394 communications
link of an IEEE 1394 based network and provides a standardized command set for the media changer mechanism. The media changer
model provides a set of standardized commands that allow the plurality of devices on the network to access the media changer mechanism

and access any of the plurality of media items stored therein.




