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AV /C COMMANDS. 

BACKGBOUNQ.OF THE INVENTJON 

5 ·ea n QflHE INvENJJoN 
The present Invention relates to th• field of consurqer electronic deVices 

coup_led in. an audio/Visual netwolk. More specifiCally, the preaent. Invention 

pertains to a system and method for organizing and accessfng data stored in a 

hard disk device In the audioMsual network. One embodiment of the invention 

1 O discloses AV/C cnmmands for accHsing a bard disk device. 

)3el.ATED U.S. APPLICATION 

This f!Pplication claims priority to the copending provisional patent 

application, Seriat Number 6Bf0r8,018, Attorney Docket Number 50M2389, 

entitled •i.VJO CQmmands ~r Acdessing a Hard Dlsk·o~ (HOO) Subu"nit: 

15 FiRng Date March 14, 1998, and as*igned to the assignee of the present 

application. 

20 

BACKGROUND A& 

Audio/visual _(AV) "netWork architectures provide· a powerful platform on 

which device functionality and ~roperabiRty can be built, and are capable of 

taking advantage of the increased sophistication that is being incorporated into 

consumer electronic devices. The tY.J>ical·Av home or office ·network consists of 

a variety of consumer electronic dev~ces that present and record AV media in 

different ways. For in$nee, the typical AV equipment found in a home includes 

25 a number cf components such as a radio receiver or tuner, a compact disk {CO) 

player and/or a digital video disc player (DVD), a number of speakers. a 
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television, a video cassette recorder (VCR), a tape deck. and the Ike, and also 

may include a personal computer (PC). 

A communi~on standard, the IEEE 1394-standard, has been defmed 

s for networking consumer eJectronlc devices using a standard communication 

pl'Qtocol layer (e.g., the audio visual control [AV/CJ protocol). The IEEE 1394 

standard ls an tiitematlonal standard f~ implementing an inexp~ high­

speed serial bus architecture for interconnecting digital deviceS, thereby 

pro\tlding universal inputlotitput. connection; The IEEE 1394 standanf defines a 

1 o dlgltal lntelface for •PPllcatlons; thereby elim~ating the rieed for an application 

to convert digltal data to an ~~log fonn before it is transmitted ~SS the bus. 

Corresponcfmgly, a receiving application will receive digital data, not analog · 

data. frem the bus and will therefore not be required to convert analog data to . . . . 

digital ~orm. The IEEE ~394 standard Is ideal for consumer electronics 

15 communication in part bec~se devices can be added to :or removed from the 

serial bus while the bus is active. The IEEE 1394 standard supports both 

.asynchrono!JS and isochronous format data transfers. 

Prior Art Agure 1 Dlustrates an exemplaay hard disk device (HOD) 1 o 

20 commonly us~ for storing asynchronous and isochronous data. Data are 

stored on platter 6 that rotates on spindle 4. HOD 1 O has a number of movable 

read/write h~ads 8 that are moved closer to or further from the center of platter 6 

using ann 2. in order to read from or write to different parts of platter 6. A hard 

disk device typically has several J?latters stacked vertically and attached to 

25 spindle 4. In such a configuration, arm 2 will have one read/write head for each 

surface of the platters. 
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The radial position of the heads relative to spindle 4 Is caUed the 

cylinder. Each hea~ is wide enoug_h to ~d or write from t>ne track. Tracks are 

divided Into sectors eontaining a certain· number of bytes of data, typically 512 

s bytes. To access data on HOD 10. lffs necessaryto specify a cyl~darand 

head. which together Identify a specific tJack, the sector number where the data 

·st&rtS. ·and the number of bytes to be accessed. Data transactions:generally . . 

s"tatt at the·beginning of a sector. 

10 In prior a{t computer systems, an object stored on HOD 10 ·is normally 

acc~8'ed by a logical block address. HOD 10, or the program controRing HOD .· 

10, performs a Rmlted amount of mapping to map the logical address for the . . 
object_to·the physlcal location of the asSociated data on the disk. ·The user is 

presented with What appeans tO be a con~iguous range of iogical bf~cks, 
15 providing the Illusion that objects are stored contiguously on HOD 10 even 

though that is often not the case. This prior art method for storing data is 

problematic because it does not allow HOO 10 to be easily shared by multiple 

obj~ that do not work well together. For exampJe, applications such as the 

Windows and Unix systems do not work well together on HOD 1 o unless fhey 

20 are separated into partitions. ·However, the size of ihe partitions is difficult to 

change, and so the prior art is also problematic. because it is not ffe:xt"ble and 

objects cannot be readily ~anged in size. 

Another type of "track• Is with regard to the sequence of the media stored 

25 in consumer minidisks (MDs). As new content is loaded into the MO it is stored 
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at a track number. However.~ numbers can change often over the course of 

time. For example, lhe deletion or insertion of file stored at a track affects all of 

the following tracks, shifting tfle number. of a following ~ by one position. 

Hence, the track number·cannot be used.to address o"Jects shared by multiple 
. . . 

5 devices In the AV network because the track number may change between 1he 

10 

·16 

time the object was recorded .on. the MD and the time it Is later accessed and 

retrieVed by another devfQe on the network. A devtee on the network may Store 

·a certain-traclt mimber that Initially specifies a particular object, but at some later 

time when the device.specifies that track number~ very well could receive a 

different object than what· ls required. For example, an object initially Identified . . . . 

on an MD as irack[3r will be subsequentfY identified as "track[2r If a file stored 

at a pi:ecedlng track is deleted, and "'track[4]• will then be lmown as 1rack(S].• A 

device on the AV network that then .-quests .9trackC3r from the MD will receive 

the traCk preViously identified as fmck(~] Instead of the desired track. 

Thus, there is currently a Jack of mechanisms and methods for unifonnry 

nami11g and organizing infonnation (an 11object") stored on a HDD in an AV 

network, in particular a network compliant with the AV/O pR>tocol, and for 

representing th~e obJe.cts to a user or to other devices in the AV network. 

20 .Within an AV ne.twork in whf°'1 many different types of devices may be coupled 

together, ii Is desirable to represent the objects In a uniform man!'ler so that they 

· can be readily accessed by a user or by other devices in the network. 
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SUMMARY O~fflE INVENDQN 

Accol'Uingly; what Is n~ed-1$ a method and system· for namin~ and 

organizing objects s~red on a hard disk device in an AV network in a uniform 

manner. and that ~l'e$ellts thos• objects to other devices in the AV network so 

s that the objeets ean be readily accessed and so· that the correci object Is 

retrieved. • What is also needed is a methOd and system that is flexible and· 

aliows 1he size of U'ae object to be easily changed. 

The present Invention indudes a method and system thereof that names . . . . .. 

1 o and organizes objects .stored on a hard disk device in an audio/visual (AV) . . 

n~twork in a uniform manner •. TJ:te present in'ilention represents tfiose objects to · 

other devices in the AV network ao that the objects are readily accessed and so 

that tf:le correct obje~ is ·retrieved. The p~ent Invention also includes a 

method and system thereof that are flexible and allow the size of the cbjeot1o 

15 be easily changed. These and other advantages of the present invention not 

· specificalJY men~oned above· wiU become clear within discussions of the 

pres~rit inventi~n presented herein. 

The present invention-pertains to a method and system thereof for 

20 organizing and accessing stored ·data ·in· a mass storage unit, such as a hard 

disk· device, in an AV network.· An object is associated with the stored data, and 

a unique object identifier Is derived for and assigned to the object by the mass 

storage unit The object is addressed by its object identifier. The object is 

maintained in a hierarchical organization with other objects. wherein the 

25 hierarchical organization includes an object list that contains the object 
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Identifier and also includes object Identifiers for the other objects. The hard disk 

-device manages the mappin9 of the object identifiers to the actual .phystcal 

storage location of the data associated with an object. 

s In the present embocfment. t{le devices in ~e AV netwod< are compliant 

with AV/C (audio.visual control) piotoc01, and the AV network is compliant with . . . 
the IEEE 1394 communicatiOn standard. 

(n the present erpbodiment. the object· Identifiers .,.. arrangect in ~ 

· 1 o hierarchical structure In which objects directly or indirectly .reference other 

objects. For example, in the hierarchical stl\ICture a list object may be used to . . 
group objects that ha~e a .similar purpose. Objects that point to other objects 

. . . 
use the object lden!ifiers of 1he other objects as a reference rather than the 

address of the ~al physlcal_ location of the data. An obJect can be directly 

15 accessed based on its object Identifier. Altematively, an object can be found &y .. 
navigating through the object hiera'rchy using the object identifier. 

In the. present embodiment. ~ object may contain descriptiviit information 

that describes Itself. An object can arso·be located using this descriptive 

20 information •. 

In ihe present embodiment, the .object Identifier is not reused for another 

object. In one embodiment, tfie obJeCt identifier is based on an identification 

number assigned by the hard disk device so that the object identifier is unique 

25 for that hard disk device, In another embodiment, the object identifier includes a 
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value uniquely assigned to the hard disk device by the vendor and so the object 

identifier is .unique across all hard disk devfoes. 

ln·one embocfunent. a general data packet format is defined for 

s commands that are used to access and operate on the stored data using th_e 

object identifier for the object associated with the data. The cammands used 

include: RECORD_TRACK for recording into a track object, PLA Y.:...TAACK for· 

playing a track object, PtAY _TRACKS for p~ying from a. aubtrack array~ 

READ_ TRACK for reading from a track object, and WRITE_ TRACK for writing to· 

1 o a track object. 
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BRIEF QESCRIPDON OF THE DRAWINGS 

The a<:90mpar\yin9 drawings, ~lch are Incorporated in and form a part 

of this specificltion, illustrate embodiments of the invention and, together with 

the description. serve to explain the principles of the Invention: 

Figure 1 lllu,trates one embodiment of a mass storage unit.of the prior 

art. 

Figure 2 llustrates an exemplary audioMsual network upon Which 

1 o embo~men~· of the present inventi~n may be practiced. 

Figure ~ is a block diagranrot one embodiment of a controHer device 

used in accordance with the presen~ invention. 

15 Figure 3B is a ~lock cfcagram of one embodiment of a mass· storage unit 

20 

upon which. embodiments" of the.preseot invention may be practiced. 

Agure 4 is a diagram illustrating one embodiment Of the object hiera:rchy 

used In accordance With the1'resent Invention. 

Figure 5 is a diagram exemplifying descriptive data proVidecf fn the object 

hierarchy in accordance with one embodiment of the present Invention. 

Figure 6 illustrates the general data packet format for AV/C commands 

25 used in accordance with one embodiment of the present invention. 
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Ftgure 7.Ulustrates one embodiment of 1he RECORD_ TRACK command 

stnJcture used in accordance with the present Invention. 

s Agure 8 Blustrates one embodiment of 1he PLAY _TRACK command 

10 

structure used in accordance.with the present invention. 

F'sgure 9 illustrates one embodiment Of the PLA Y_TRACKS command 

strueture used in accordanc.e with the present invention. 

Figure 10 mustrates the operation of the PLAY_TRACKS command with 

subtrack elements in accorc:lanc~ with one embodiment of the present Invention. 

Figure 11·111ustrates on~ embodiment of the READ_ TRACK command 

15 structure used in accord~ce with the present invention. 

Figure 12 illustrates one embodiment of the WRITE_ TRACK command 

stru~re used in accordanCC! with the present invention. 
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QETA!f.EP OESCBrpnoN OFTHE INVENTION 

In the following.detailed description of the present invention, AVIC 

commands for accessing a h~ d"ISk device, numerous specific details are set 

forth in order to provide a thorough understanding of the present invention. 

5 However. it wjll be reco9J!fzed by 0ne sldRed in the art lhat 1he present invention 

may be practJced without thes~ specific details or with equlvafents thereof. In 

10 

. . 
other instances. wen known methods, procedures, components, and circuits 

have not been described In detail as· not to. unnecessarily obscure asj,ects of . . 
the present invention. 

Some portions of the detailed.descriptions which follow are presented In 

tenns of procedures~ logic blocks, processing, and other symb~lic 

representations of operations on data_ bits within an intelligent eleetronic inedi~ . . 
device. These.descriptions and representationS are the means used by those 

16 skilled In the data processing arts to most effectively. convey the substance of 

their work to others skilled in the art. A ~rocedure. logic block, process, etc., Is 

herein, and generally, conceived to be a self·consistent sequence of·steps or 

instructions leading to a desired result. The steps are those requiring physical 

manipulations of physieaf quantities. Usually, though not necessarily, these 

20 physical manipulations take the fo~ of electrical or magnetic signals capable of 

beil'.)g stored, transferred, combined, compared, and otherwise manipul~ed in a 

consumer electronic media device. For reasons of convenience, and with 
. . 

reference to common usage, these signals are referred to as bits, values, 

elements, symbols. characters, terms, numbers, or the like with reference to the 

25 present invention. 
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ft should be bome in mind. however, that all of these tenns. are to be 

Interpreted as refer~cing physical manipulations and quantities and are 

merely convenient label$ and are to l?e Interpreted fUrther In view of terms 

5 commonly used In the art. Unleas spectfically stated otherwise as apparent 

from ~e following discussion~. ft is- understood that throughout discussions of 

the pre.sent ~ventfon, cflSC~sions utilizing terms such as· •associating- or 

"deriving• or •assigning" or •catcufatinsf or -maintaining• or ·accessing• ~r the 
. . . . 

like., refer to fh_e action and processes. of an ele~nic.devfce. such as a 

10 cnicroc0ntrolle'r or similar electronic computing device (e.g., dedicated or 

embedded computer system) that ~nlpUlates and transfonns .data. The data 

-are represented as physical (electro~ic) quantities within the electronic device's 

registers and memories and is transfonned into other data sfmilariy repre8ented 

as phYsical quantities within the electronic device memories or registel'S or 

15 ~ther such information storage, transmission, or display screens. 

Current and ·proposed technologies allow consumer electroni<? devices to 

be connected In a home or offiCe network and to transfer audio Information, 

'1ideo infonnation and other data to each other over a network bus. For the 

20 discussion herein, terms such as 11electronic deviceu {e.g., controller device 12 

of Figur~ 3A) and •netwom- are not limited to any fonn or type of device nor to 

any type of cffstribution network. or ciata foanat. For the dis~ssion herein, the 

present invention is discussed in the context of a home network comprising 

electronic devices interconnected by hardware using a serial bus and 

25 communicating via a standard protocol. 
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The present invention includes a.method and ·system thereof that name .· 
and organize objects stored on a hard cfrsk device (HOD) in an audio/visual 

. . 
(AV) network rn a unifonn manner, and fhat·represent those objects to other· 

s deviCes in the AV network so th8t the objects are readily accessed and so that 

the correct object is retrieved. In the present embocfment. an objebt is 

associated with data stored on the HOD, and a unique object identifier Is 

.derived for and assigned to the object by the HOD. The object Is subsequently 

located using the object_ (dentffier. The o~ject is maintained In a hie~fcaJ 

1 o organization with other objects, wherein the hierarchical organization includes 

an object tist that contains ~e object identifier and also Includes object 

identifiers for the othet objeots. Commands are defined for accesSing and 

operating on the stored d~ using the object identifier for the object assoCiated 

with the data. 

15 

20 

NQTADON ANO NOMENCf.ADJBE 

For the discussion tierein, the- foll~wing terms and their general 

definitions are used. It fs appreciated that the terms are not limited to these 

.general definitions. 

An· .. object" refers to ari en$y that is saved in a m~ storage unit (e.g., a 

hard disk device, HOO; see Figure 3B) and is accessed through its object 

identifier. An object can contain user-vi"Sibfe data. pointel'S to other objects, and 

other device-dependent resources. A •nonleaf object" ls an object that has a 
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standard reference to other objects ·at a lower level in a hierarchy of obJects. A 

,eaf objeer' Is an object that does not have a reference to other objects. 

"'Descriptive ·data" (or· d~ciiptor.data or infonnation) is user-~sible 

5 data assaciated with an object that may be used to descnbe the content or the 

uses of ~at object. 

Ari •obj~ identifier' is a unique Identifier value assigned to each object 

by a HOO unit In aocordarice with the present invention •. In the present 

1 o emb6diment. an objed identifier Is not reused for another object. In one . . . 
embodiment. the object identifier is a 64-bit value, for example. although it Is 

appreciated that identifiers of Other sizes can be used in a~rdance with the . . . 

present invention. By using a 64-bit value, it is possible to provi~e a unique 

identifier for each .object that remains vafid for the lifetime of the mass storage 

15 unit. For example," it is possible to d~rive an object.identifaer tt\at includes the 

time and d8.te at whiclt the object was initially stored. In another embodiment, 

the object Identifier is a 128-bit value. With a 128-bit value, in addition to the 

information inc(uded in the 64-bit object identifier. the object identifier can 

include a unique. ldentifice.ti0n number assigned to the vendor of the HOD unit· 

20 as well as an identification number uniquely assigned to the HOO unit by the 

vendor. Accordingly, ~o eiti:'er object wiR have the same object i~entifler. 

A "tra.cl(' is a logically contiguous storage area on a HOD unit where data 

are located. It is appreciated that a HOD unit may actually store a track as a 

25 scattered set of sectors. A track typically contains time-sequenced (e.g .. 
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isocihronous) stream data. either audio or video. A oiuack object" is a specific 

instance of a leaf object associated with !J. track. The descriptor portion of a 

tnick object describes the track length and its .contents (e.g;, copyrighted data, · . .. .. 
etc.) but does not eX.,ort fts knowtedge of the physical location of the data (that 

5 Is, for ~pre, the physical location is kept hidden· from the application and 

from fhe user). 

p~yn;pAUopV!stJALNE'JWOBK 

Figure 2 Ulustrates an exempl8.y.~rk 40 that can support 

10 embodiments of the present invention. Netwod< 40 comprises consumer 

electronic devices Including pe~ eomputer systems, and· can be extended 

to inc0rporate other electronic devices in different combinations than ·those 

illustrated. 

15 ·Network 40 fnclud~ ·an integrated receiver/decoder device such as . . 
intelligent controller device 12, video camera 14, television 16, personal 

computer 18. receiver 20, video cassette recorder (VCR) unit 22, and compact 

disk (CO)· unit 24 that are coupled tbgether in network 40 by a network interface 

(e.g., .bus~). ContrOller device 12 is.an ~teJligent controller device such as a 

20 seMo~ox or a personal computer that controls a target device (e.g., the other 

con$u~er electronic devices of network 40). Network 40 afso includes a har~ 

-disk device (HOO) 60. HOD 60 Is a hard disk device that can be implemented 

either as a separate device on network 40 or as a subunit of another device on 

network 40 such as personal computer 18. 
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In 1he present embodiment, bus 30 is a bus compliant with lEEE 1394. 

Accordingly, the co~umer electronic devices of network 40 communicate over 
. . 

bus30 using a protocol compliant wfth IEEE 1394 such as AV/C (audio visual 

s control) protocoL 'Embodiments of the p~ent invention are oii>erable with 
. . 

. various network arcbitectures and other protOC?ls such as a.network of 

consumer electronic devices tompllant with"ihe home audioMsual 

lriteroperabUJly ~AVJ) architecture-. 

10 The consumer electronic devices are each-considered a logicaf·entity 

·represented as a nod~ en network 40, ~ a unique address, a set of control 

registers, and volatile and non-v.olatile memory units. The.consumer electronic · 

devices tn network 40 are capable of interacting with each other on a peer-to­

peer basis, and data, commands an.d the Uke can be sent between the devlces 

16 .within network 40. 

20 

Fig~re 3A is a block diagram of on~ embodiment of c.ontroller d~vice 12. 

Although a variety of different systems can be used in accordance with the 

present Invention, an exemplary system is represented by controller device 12. 

Wrth reference to Figure 3A, controller device 12 includes processor 201 

coupled with an internal address/data bus 200 for processing information and 

instructions. Volatile memory 202 (e.g., random access memory), for storing 

information and instructions for processor 201, is also coupled to bus 200. Non· 

25 volatile memory 203 (e.g., read only memory), for storing static information and 
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Instructions for processor 201, fs coupled to bus 200. Controller device 12 . . 
optionally rncludes mass sto!'9e unit 204 (e.g •• a data sto~ge device such as a 

magnetic or optical cfisk and disk drive) coupled to bus 200 for storing 

informatiqn and ~ctions. Controller device 12 also includes Video/audio 

5 ·recelver t1!'lt ~6 and Moving Plctures Expert Group (MPEG) unit-207 coupled 

to bus 200. Bus interface 208 is used for Interfacing with network bus 30. 

Rgure SB is a block diagram of .an exemplary mass storage unit upon 

which embodiments of 'the present invention.may b!J implemented. In ~e 

1 o discussions below; the pl'eSent Invention is discussed in· the context of a hard 

disk dev~ (HO[)) unit. although it is appreciated that the present invention may 

be practiced on various types of m~ storage units. HOD 60 can be 

implemented as a separate unit in a network (e.g., network 40 of Flgure 2)· or It 

16 

. can be implemented as a subunit in a device on network 40. 

HOO unit 60 Is coupled to networl< lius 30 via the input/output (VO) bus 

interface 126. HOD unit 60 Includes microcontroUer 120 (•embedded system"). . . . 

and storage unit 50 coupled by ~stem bus 128. ~torage unit SO typically 

eomprises a plurality of pratters for storing data rraagnetfcafly, although other 

20 storage media may be: used in aceordance with th~ present invention. 

Mlcrocontrolfer 12.0 includes central processing unit (CPU) 122 coupled.to 

system memoiy 124 via system bus 128. User interface 130 is also coupled to 

system bus 128. User interface 130 is device specific but preferably includes a 

keyboard and display, although other 1/0 deVices may be used for 

25 communicating with a user. 
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HOD unit 60 is used to store objects as data in storage unit 50. 

MicrocontrcUer 120 is an embedded system that is used to assign and manage 

object idenijfaers to the objects_ stored in HOD unit 60 so that the objects can be 

5 accessed ana retrieved. Mt~ller 120 manages the mapping of the 

objeot Identifiers to the actual physical storage location of the "data associated· 

with an obieot.. Thus, microoontroller 120 assumes the burden of this task 

Instead of the application, and provides HOD unlt 60 with the flextbffity to 

etflclently manage ·ob]eet·related storage. 

10 

Mlcrocontroller 120 also Is responsible for discarding objects that have 

lost their.pla"Ce in the object f!ierarchy; for example, when an object higher in the 

obje~ hierarchy Is deleted,· an object solely referenced by ~a~ object is deleted 

by microcontroller 120.: Microcontroiier 120 is also used to invoke commands, 

15 such as play and record commands and other commands implemented in 

accordance with the P,resent invention. 

A large application, such as the operating system for a personal 

computer (e.g., Windows or \:Jnbc), Is stored as a large and persistent track 

20 object on HOO unit 60. Thus, in accordance with the present invention. different 

operating systems are aUpcated to different tracks: for examp_le, Windows eould 

be aJlocated to track[4J and lJnix to traek[7]. The size of lhe object is readily 

specified and changed. Thus, the present Invention provides a flexible method 

and system that allow, for example, two disUnct operating systems to reside on 

25 the same disk. 
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Exa.1PVJ3Y EMBoQIMefCOE 9BJEc[HfeBARettY 

Figure 4 is a diagram illustrating object hierarchy 400 showing the 

hierarchicaJ relationship betw~ objectS stored In HOD. unit 60 (Figure 38) In 

5 accordance with one embodlinent of the present invention. Object hierarchy 

400 can be maintained in system memory 124 of HOD unit 60. 

Figure 4 Ulustrates·thafin the present embodiment, the object ldentlflers 

.are arranged in hierarchical structure 400 In which Objects directly or indirectly 

1 o reference other objects. HOD 60 (Rgure 38) manages the mapping of the 

object identifiers to the actual physical storage location of the data associated 

~ an object. In hierarchical structure 400, a Ust object contains pointelS to 

other objects and may be used. to group objects that have a similar purpo$e. 

Objects that point to other obj~~ use the object Identifiers of the other objects 

15 as a reference rather than the address of the actual physical location·°' the 

data. An .object can be directly accessed based on Its object identifier. 

Altematively, an ·oblect can be found by navigatin_g through the object hierarchy, 
. . 

using the object identifier or the descriptive data. 

20 Subunit identifier 402 ·is a unique identifier associated with one particular 

instance of HOD unit 60. For example, a unique number can be assigned to 

each HOO unit manufacturer, and each manufacturer can assi~n a unique 

number to each HOO unit, thus distinguishing each unit from another unit. In 

this embodiment, subunit identifier 402 is included into the object identifier so 

25 that the object identifi.ers are unique for each HOD unit. Hence. each object 
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identifier on HOD unit 60 Is unique not Just for that HOO unit but it is also uniqiie 

.for all units. Thus, in case the object is copied from HOD unit 60 to, for example, 

a second HOD un~, the object Identifier will not be the same as an abject 

identifi~r°already on the secon<I HOD unit. and so the obfect ldentifierwlU not 

5 h&~e to.be changed. Therefore, In accordance with the present ~ocrunent, 

an object known by a certain o~ject identifier is unique and continues to be . 

known by that obfect identifier even if It Is copied from one HOD unit to arlottter. 

Other devices on 1he AV network (6.g.. network 40 of Figure 2) can continue t" 
access and retrieve that object from the various .units using a single and 

'tO permanent obj~ct identifier, and so kl.response to a request the correct object iS 

·always retrieved. 

As described above, it Js also possible to incorporate into the obJeCt 

ldentffler the time and date at which the object was initially stored. Altematively ~ . . . 

15 a·counter could be implemented in the HOO unit in this case, a new object 

identifier is generated by incrementing by one the value used for the 

i~iately preceding object identifier. In combination with subunit identifier 

402, this scheme will provide object Identifiers that are unique to a single object 

across all" devices for all time; 

20 

Continuing with referen~e 1o Figure 4, in the present embodiment ~oot 

404 Is a standard object used for facilitating access to other objeets. Root 404 is 

at the top of object hierarchy 400 implemented in accordance with the present 

invention. Root 404 contains pointers to other objects; that Is. root 404 is 

25 associated with other objects using the object identifiers for those objects. The 
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descriptive portion of roo.t 404 can be mapped to subunit identifier 402 and also 

to vendor-dependent data in a known fashion. Root 404 is also mapped to 

contents list 406. One embodiment of the structure of root 404 is proVide.d in 

Table 1. 

Table 1 - Exemplary Root Structure 

J)mEC'l.'ORY 
LBAF/listXd 

object%d(contents) 
~ect%d.. 

J)::tREC'l'ORY/refSet 
·~/refinfo 

LBAJ?/sub\mit 
LEIF/vendor 
en.t:riU.. 

Contents list 406 of Figure 4 is a specific Instance of an object that 

references all of the track objects contaited on HOD unit 60 (Figure 38). 
·' . . 

Contents list 406 fs created and managed by HOO unit 60. In object hierarchy 

20 400; contents ffst 406 is d'rectly referenced by root 404 in the present · 

embodiment. One embodiment of the structure of contents list 406 is provided 

in Table 2 •. 

25 

30 

Table 2 - Exemplary Contents Ust Stru~re 

DIRECTORY 
·LEAP'/objac~List 

DZRECTORY/refSet 
D:ntSc:ToRY/refnifo 

DIRECTORY /refSet 
DXI(EcTORY/refrnfo 

entries •• 

Continuing with reference to Figure 4. in the present embodiment. track 

list 408 is directly referenced by root 404. Track list 408 in tum references leaf 
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-objects (e.g., ~eai[O], feaf[1], leaf[2], ••• , Jeat[nD which in tum are each associated 

wif1t track o~jects (e.g., track[O], track(t), track(2] ..... track(n]. respectively). 0ne 

embod'iment of the structure of track list 408 Is provided in Table 3. 

Table 3 -Exemr)lary Track Ust Structure 

DIREC'J.'OaY/c:raok 
· ·DDEaOR'rftra~o 

sizer:oBytes 
size:rnirime 
exc.ra.tnf o 

enu:ies-

. . 
Descriptive data (e.g., •extra1nto1 fhat.can be specified for each leaf· 

object include the type of data (e.g., isochronous or asynchronous), bandwidih 

15 requirements measured in quadlets (a qu~dlet is equivalent to tour bytes), copy 

protection properties (e.g., copx-onee: copy-never. pfay-once, etc.), and access 

rights (e.g .•. read/write permissions, ~tc.). 

With reference still to Figure 4~ Hst 412 represents an object list that 
. .. . . 

20 points to 9ther o_bjects. Ust 412 may be used to group objects that have a 

$imilar purpose, for ~pie for the convenience of extemaf applications. 

Object 414 ls mapped to list 412 and contains user-visible data s~ch as 

descriptive information for describing Itself. Subtrack array 416 references 

25 subtrack efements, where each subtiack element identifies a track obiect and a 

region of the track (see also Agure 1 O). 
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Rgu.re S is an example of d9scriptive data in object hierarchy 500 in 

accordance with one embodiment of the present riivention. An object may 

contain descriptive infoana11on that describes Itself. such as the name of the 

EXEMPLA8)' COMMAMDS 

Figure ·6 illustrates the general data packet format 61 o for A VIC 

commands used in accordance with the present embodiment of the. present 

25 invention. These commands include: RECORD_ TRACK, PLAY_ TRACK, 
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Pl.A Y:.. ™CKS, READ.:. TRACK. and WRITE_ TRACK. although it 1s· apprecia!ed' 

1hat other commands may be used in accordance with the present invention. 

The commands eact:i use the object identifier, which as explained ~bove. is 

unique ahd pecslstent for each object. Thus. In accordance with the present 

s invention, ead\ object Is unifonnly represented so that It can be readily 

~ccess~ and so that the correct object Is operated on aocording to the 

commantl being used. 

With reference ·to F'agure 6, commands are p~ented in quadlet fonnat. 

1 o The "cts" .<0onu:nand transaction set) fi~ld fs 4 bitS In length and js used to 

distinguish an A VIC data packet fo~at from other data packet fonnats. In the 

present embodiment. an AV/C ~ata packet has a cts value of zero. 

COntinuing with reference to Figu~ 6, the •ctype" (command type) field is 

1 s four bits in length, the ··subuniLtype; field ls five bits Jong, the •aubld" field is 

three bits long, and the "'opcode" fiel"d is eight bits long. In 1f:tis embodiment 

these fields are as defined in the proposed IEC-61883 standard. The 8-blt 

•operand[O]• field is ~ard and an operand[O] extension mechanism is 

provided for the commands defmed for the present embodiment of the present 

20 invention. 

Figure 7 illustrates one embodiment of the RECORD_ TRACK command 

structure 620. The RECORD_ TRACK command structure contains parameters 

that specify how the recorded track object is generated. Addressing within 

25 isochronous track obiects can be based on time during cecording. 

23 

SUBSTITUTE SHEET (RULE 26) 



W099/47996 PCT/US99/0539S · 

The 32-blt "modes" field provides RECORD_ TRACK mode parameters. 

The 64-blt "objectld'" field is fanned tiy concatenating the 32-bit "objectlclHi" and 

"object!dLo" values. If the specified ob]emld value Is null, a new track object Is 

s created. The 64-bH "s1art1itne" field Is fonned by concatenating the 32-blt 

•startTimeHi" and "startTimelo" values, after which the desired recorcfmg 

begins. ·The 64-bit imaxFlleLength" field fs formed by concatenatrng 1he 32·bit 

. "'8XAleLengthHr and. "maxfilelengthlo" values. If the specified .. . 
maXRleLe~gth value is null, all of th• avaUable space may be used. The 64-&lt 

1 o •maxera~sedTime• fleld Is formed by concatenating the 32-bit 

"maxEl~psedTimeHr and '11axElapSeqTimeLo" values. If 1he specified 

maxElapsedTime value is nul~ the recording may contfnu~ indefirulely. The 32-

blt "toCPl~ement" field Specifies the location within the table of contents (e.g., 

contents list 406 of.Figure 4) 1hatthe Object is to be placed. 

15 

The RECOR[?_ TRACK command ·is used to receive data into the selected 

track objeCt. If a null argument is provided for the objectfd, an object is created. 

placed at the specified ~tion within the table of contents; and used tOr 

recording data. Jn the present embodiment. recording starts with a ~ro-rength 

20 track. Recording continues until the specified length is reached or exceeded, 

until the modes-specffied condition is met. or until the available· storage has 

been consumed, whichever oc:Curs first. 

Figure 8 illustrates one ~mbodiment cf the PLAY_ TRACK command 

25 structure 630. The PLAY_ TRACK command is used to play track objects that lie 
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between selected location markers using the parameters Identified in the 

oomrriand. Addressing Within isochronous track objects can be based on time 

during playbac~ The Pl.A¥_ TRACK command is used to transmit data from the 

selected track object to a previously initialized isochronous data stream. 

Continuing with reference to Fmgure 8, .the 64-bit •objectfd" field is fonned 

by concatenating the 32-bft •obJectlff and "objedldlo"· values: If the specified 

o~~tld vaJue Is ~un, the first track dbject.in the table of .contents (e.g •• co~tent 

list 406 of Figure 4) is assumed. The 64-bit "'startOffset" value is formed by 
. 

1 o concatenati!"g the 32-blt •stadO(fsetHi" 8;[1ci"•start0ffsett.o• values. If the 

15 

specified yalue startOffset vatue Is OoOOOOOo, .. the plays starts with the first data . . 
on the track. The 64·bit "endOffset" value is formed by concatenating the 32-bit 

"endOffsetHr and "endOffsetLo" values. If the specified endOffset value is 

. FFFFFFFF ,8 , the play ends wfth·the last data on the track. 

:The PLAY _TRACK command plays selected track objects between the 

selected markers. Tlie plays starts at the location specified by startOffset {or at 

the next.locatfon·ff startOffset is between locations) and ends at the location 

specified by endOffsetHi loc:atlon· (or at the preVious location if the specified 

20 location is between locations). The track need not be played completely. 

Figure 9 illustrates one e~bodiment of the PLAY_ TRACKS command 

structure "640. The PLAY_ TRACKS command is used to play multiple track 

objects. The PLAY_ TRACKS command structure references subtracl< elements 

25 in a subtrack array (e.g .• subtrack array 416 of Figure 4). where each subtrack 
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element identifies a w.ck.object and the region of the .track object that is to be 

played. 

Continuing with reference to Figure 9. the S2-bft "modes" field provides 

s the PLAY _T.RACKS command parameters. "fhe 64-bit -Objectld" field is formed 

by concatenating tt:te ~-bit .•ob)ectldHr and •objectfdlo• values. The &M>it 

-startOffset" value Is formed by concaterating ihe 32-blt "startOffsetHi" and 

"'starioffsett.o• values, measured as a time offset within the first selected 

subtrack element from which the.play should begrn.: Tha.64-bit •endOffset" 

1 o . value is formed by concatenating the 32·blt •endOffsetHr and "endOffsetlo" 

values,. measured as a time offset within #le ~ location on the first selected 

SUbtracl( e~ment at Which tfm play should end. The "entrySelect" Value , . 

specifies·the location in the speeifi8d object where the first play element. iS 

located. The •e1~mentSele~ Value spOCifies the location fn·the object list 

15 Where the play element is located. 

With reference to Agure 10. the PLAY_ TRACKS command causes 

concatenation .of subttack elem~nts 6so sp~l_fied in an object's des~ptive 
data. where each subtract< etement specifies the portion of a track object that is 

20 included in the fist of descriptive data. The PLAY_ TRACKS operation begins at 

•start" offset 660 wit~in the selected suf;track efement. The operation continues 

through the following subtrack elements until a· null subtrack element is reached 

(a nufl subtra.ck element is identified by a startOffset value of zero), a play­

stopping condition is detected, or "enciOffset" 670 location is reached. 

25 whichever occurs first. 
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Figure 11 itlustFates one e,!11bodiment of the READ_ TRACK command 

structure 680. The READ_TRACK command is used to fetch portions of an 

asynchronous data block from a selected track object. The READ_TRACK 

s command allows 256 byteS of data ro be read from the specified track object. 

The 32.~it .,modes• field provides READ_ TRACK parameters •. The 64-bit 

•objectld" value is fonned by ~ting the 32-blt •objectldHI ... and 

•objectldlo" values. and Identifies the track object being ~ed.. The 64-bit 

'byteOffset" value is fonned by concatenating the 32-bit 'byteOffsetl:ll' and 

1 o -J>yteOffsetLo• values, and Identifies the track locati0n .being accessed. 

Figure 12 illustrates one embodiment of the WRITE_TRACK command 

structure 690. The WRITE_ TRACK.command is used to. modify portions of an 

asynchronous data block from a selected track objecrt. The WRITE_ TRACK 

15 command allows 256 bytes of .data to be written into the specified track pbject. 

Jhe 32:-bit "mode~ field provides WRITE_ TRACK parameters •. The 64-bit 

'"obiectld" value is formed oy .concatenating the 32-bit "objectlc;IHi" and 

"objectldLo'" values, "1d identifies the ~ object being ~ccessed. The 64-blt 

"byteOffset• value Is fonned-b.y concatenating the 32-bit •byteOffsetHi" and 

20 "byteOffsetlo" values, and identifies the track location being accessed. 

Thus, the present invention provides a method and system thereof for 

organizing and accessing objects stored on a hard disk device in an 

audio/visual (AV) network in a uniform manner, and for representing those 

25 objects to other devices in the AV network so that the objects are readily 
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accessed and so that the oorreQt object is retrieved. The present invention Is 

flexible and allows the size of the object to be easily changed. 

The preferred ~b~ of the present lnventicn, AV/C commands for 

5 accessing a hard disk device, is thus d8scribed. While ~e present. Invention 

has been described.in ·particular embodfm~ it should be appreciated 1hat the . . . 

present Invention shQUfd not be"cons1rue<f es Hmlted by such embOdiments, but 

rather constrU~d accord"~g to the.below claims. . . 
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1. 

QI.AIMS 

What is claimed Is: 

A method for organizing and accessing stored data representing audio and visual data in a 
mass storage unit, said method comprising the steps of 

a) associating an object with said stored data: 

b) deriving a unklue object identlflec: for said object and assigning sald 

1 o ·unique object identifier to said object. wher.ein :said ·unique·.obJect:identifier is 

not base~ on a physical location of sald·stored .data within said mass storage 

unit; 

c} maintaining said object in a hierarchical organization with other 

obj~, wherein said hierarchical organization comprises an object list, -Said 

15 object ftst containing said unique object identifier and other unique object 

identifiers for said other objects; and 

d) accessing satd object using said .unique object Identifier. 

2. The method of Claim 1 wherein step b) comprises the step of 

20 lising an embedded system of said mass storage unit to derive and assign said 

unique object identifier. 

3. ·The method of Claim 1 wherein step b) comprises the step ·of 

including in said uniqu_e object identifier a date and time corresponding to when 

25 said unique object identifier is derived such 1hat said unique object identifier is 

unique to said mass storage unit. 
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4. The ••• ethod of Claim 2 wherein step b) further co. •• .,rises the step 

of including in said unique object identifier an ldentlficatJon number unique to 

said mass storage unit such that said unique object JdenUfier is unique for a 

plurality o( mass storage units. 

5. i:he method Of Cfaim · 1 wherein step c) further comprises the step 

of creating a.table of contents contalnfng a Rst of objects 8$SOclat~With data 

stored en satd mass storage unit. 

1 o 6. The method of ClaJm 1 wherein step c) further comprises the step . 
of associating a first obj~ to a second object using a unique object Identifier for 

said second object. 

7. . The method of Claim 6 wherein step d). comprises the steps·ot. 
.. 

15 locating said first ~bject using a unique object identifier for saict firSt 

20 

object; and 

·. locatinQ said second object using said unique object Identifier for said 

sec0nd object. 

8. The method of Claim 1 whereil step d) comprises the step of 

. locating said object using descriptive data. wherein said obje<?t .contains ·said 

descriptive data for describing said stored data. 

-9. The methpd of Claim 1 further comprising the steps of accessing 

25 said object and executing a command using said object. 
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10. The •.• ethod of Claim 9 wherein said command ~ .. 'Cities that said 

stored data associated with said objeet are to be recorded. 

11. The method of Claim 9 wherein said comma.nd specffies that sald 

s stored data associated with said object are to be played. 

12. Tue method of Olalm 9 wher.ein Said command isior reading from 

said stored data~ with said object. 

10 13. The method of Claim 9 wherein safcJ command is for writing to said 

15 

stored data associated with said object. 

14. The method of Clafm 1 wherein said mass storage unit is a 

magnetic disk deVice. 

IS. A mus storage unit comprising: 
a storage means for storing data; . . · 
a data transfer means positioned adjacent to said storage means for reading and writing said data 
from and to said storage~; 

. . 
20 a mlcrocontroller for controUing movement of said data traosfer means 

wherein said microeontrolfer is for associating an object with said data. 

deriving a uniq_ue object identifier fer said object. assigning said unique object 

identifier to said object and for acce8sing said object using said unique object 

fdentffier, wherein said unique object identifier is not based. on a phYsical 

25 location of said stored data within said mass storage unit; 

wherefn said microcontroller is also tor maintaining said object in a 

hierarchical organization with other objects, said hierarchical organization 

including an object list containing said unique object identifier and other unique 

object identifiers for said other obieets. 
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16. The mass storage unit of clahu IS wherein the storage means is medium for storing data 
representing audio and visual content, and the data transfer means is a head positioned 
adjacent to a sudilce of said medilim such that said data are read to and written from said 
surfilce using said head. . 

. 17. The mass storage unit of Claim IS or 16 whecein said unique object idemifier is derived 
such that said unique object identifier ·is unique to said mass storage unit 

18. Tho mass stmage unit of Claim 15, l~ or 17 whecein said unique object identifier includes 
an ide.ntificaticm number unique to said mass storage unit such that said unique object 
~er is unique for a plurrllity qf mass storago1mits. 

19. 1be mass stomge unit of any one of claims 15-18 whereuuaid objeet contains descriptive 
data for descdbing said ·data, wherein. said object is located using said descdptive data. 

20. 1be mass storagcUDit of any one of claims 15-19-wherciluaidmiique object identifier 
ia.dndes a date and time corresponding to when said unique objectldendfier is derived. 

21. The mass storage unit of any one of.daims 15-20 wherein.said microcontroJler means is 
also for creating at.able of contents containing a list"of objects associated with d8.ta.st0red 
on said mass stOrage uait. 

22. Thcl°mass storage unit of any one of claims IS-21 wherein said hierarChical organization 
further compiises a first object that is associated with a second object using a unique 
object idemffier for said second object. 

23. The mass storage uait"of Claim 22 wherein said first object is located using a unique 
object identifier for said first object and said second object is located using said unique 
object jdentjfier for said second object. 

24. The mass storage unit of any one of daims 15-23 wherein said object contains descriptive 
date for describing said data. · 

25. Tho mass storage unit of any one of claims 15-24 wherein said .mkmcontroller meaos is 
also for accessing said object and cmc:uting a command using said object. 

26. Tho mass storage unit of claim 25 whetein said command specifies that said stored data 
associated with said object are to be i-ecotded. 

27. The mass storage unit of Claim 2S wherein said command specifies that said stored data 
associated with said object are to be played. 

28. The mass storage unit of Claim 25 wherein said command is for reading from said stored 
data associated with said object. 
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29. The ma5s storage unit of Claim 25 wherein said command is for writing to said stored data 
associated With said object: 
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