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DATA PROTOCOL FOR A MUSIC CHIP

FIELD OF THE INVENTION

The present invention relates to a protocol for labeling various types of data
contained in a music chip, and more particularly to a protocol that contains a

hierarchical arrangement of headers.

BACKGROUND OF THE INVENTION
A variefy of recording media exist today for the storage-of consumer directed

pre-recorded music and other audio applications. These media include CD ROM

(Compact Disc Read Only Memory ), DAT (Digital Audio Tape) and traditional

magnetic cassette audio tape, just to name a few. Of the above technologies, the

“compact disc format has steadily increased in popularity and gained consumer

approval due to the high sound quality of the digitally stored audio, as well as ease

of use.

Compact discs and other formats, however, have some significant

. disadvantages. For one, compact discs do not normally include the ability to

register the content of the information stored on disc prior to selection at the player.
In other words, in order to gain any information regarding the contents of a

particular music selection, that selection will first have to be manually selected at |

| the player. In the alte_matiVe,*Some_ cD players mé.y be manuallj; prdgrax_nmed to
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play certain selections 'based'upo'n user inpuf; In éither circumstance, however, there
is no way to automatically search and play music by category, for exalﬁple, by artist,
music type, etc., unless a user has prior knowledge with regard to the selection.

Such knowledge must include at a minimum the precise location of a selection on
the recording medium, a way in which to direct the player apparatus to that location,
and a searchable index keyed to the selection and the locations. Largely because of
limitations in the recording médium, mémy of these functions cannot be
accomplished cost effectively or efficiently. It is therefore an object of the present
invention, to provide a storage format for pre-ﬁ:cofded music that is easily selectable

by a user in regard to general content

SUMMARY OF THE INVENTION

The present invention is a protocol for labeling various types of data
contained in a music chip. The protocol includes a hierarchical arrangement of
headers for storing information about selections on the chip and the method in
which they were coded in the memory of the chip. A global header located at the
very start of memory will specify information needed to successfully decode the
content of the music chip. This will include, for example, the necessary bit rate, as
well as information pertaining to the specific encoding algorithm employed in

recording audio on the 'chip.
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In addition to the global header, each chip will have a section of memory
allocated to a table of contents. The tabie of contents will include information on
play times, song titles, music category and artist. Individual track selections will be
listed as part of the table of contents by individual headers. The individual header
contains a music category to which a track belongs, for example, classical, jazz,
country, rock, etc., the artist, and infoﬁnatioh for addressing each track selection.
Information from the headers is self-registered or automatically downloaded when a
chip is loaded into a player/juke box device. The concept of self-registering general
information included within the headers allows a user to make selections by type of

music, artist, etc. which is to be played over a period of time.

BRIEF DESCRIPTION OF THE FIGURES
For a better understanding of the present invention, reference may be had to
the following descﬁpﬁon of exempléry embodiments thereof, considered in
conjunction with the-aocompanying drawings, in which:
FIG. 1 shows a top plan vi_ew of one preferred émbodiment of a music
chip used in connection with the present invention data protocol; |

FIG. 2 shows one preferred embodiment of the present invention data

protocol utilizing a hierarchical arrai;gement of headers;

FIG. 3 shows one preferred implementation of an addreséing scheme

. contained within individual headers;
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FIG. 4 shows another preferred implementation of an addressing

scheme contained within the individual headers.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to F IG. 1, there is shown one preferred embodiment of a music
chip 10, for use with the present invention data protocol format. The music chip 10
ié eséentially a fnemory component wﬁich is adapted to be received into an
éccompanying solid state audio player for playing music contained on the chip. The
physical characteristics of the chip 10 are that of a device of approximately 2.5” x
1.125” x 0.25” and made .of arugged ABS plastic (acrylic butyl styrene) or other
like material. The relatively mociest sized music chip dévice will hayé significant
advantages over compact discs and other media with regard to transportability and
storage. Memory and interface circuitry of the chip 10 are embedded within the
package. The memory of the music chip 10 contains prerecorded music or other liice
audio material stored in a compressed digital format.

Referring to FIG. 2, there is shown one preferred representation for the
present invention memory configuration and data protocol format 20 used with the
musi'g:'ﬁhip 10. The data protocol 20 is essentially a standardized format for

obtaining addressing and music selection information stored on the music chip 10.

Each music chip 10 is encoded With a global. header 22 at a starting address of

memory, presumably at address 0x0; The global header 22 contains general
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infdrmation about selections on the chip and the method in which they were coded,.
among other things. More specifically, the global header 22 will contain the
distributor of the music 24, record label 26 and perhaps copyright information 28.
This information will be displayable (and/or audible) on a display devicg associated
with thg-, audio player. Also contained in the global header will be parameter
information 30 that specifies the manner in which the musié found on the chip 10
was encoded, i.e., the specific encoding algorithm employed.

The parameter information of the globai header 22 is advantageously
included because as compression technology evolves, it may be possible to encode
more on a single chip using different algorithms, and almost certainly at different bif
rates. Thus, rather thﬁn “freeze” the compression algorithm to its current quality
using a specific bit rate, it will be more cost effective to generate a specific .
algorithm release for each chip. This would allow an album from a specific artist
introduced today to use 128 Kbps while an album released at some future date from
the same artist could lutilize a different algorithm tl‘xat would play at perhaps 32 Kbps
with thé same quality that the 128 Kbps piece has at present.

The global header 22, thus, will also specify the algorithm 30 and bit 32 rate
needgd to succéssfully decode ihe contents of a music chip. By putting less than
12K.of information, for example, iﬁto this pérticular section of the global header, the
present invention avoids stranding the hardware a§sociated with the music chip to

any particular software version. This Vef'sai;ilit'y"iaﬂvill 'allowﬂile.mex—hof); 'éiie. fora
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given play length to be reduced over time, thus, providing a means to reduce the

~ price per chip or increase margins.

As mentioned, the global header 22 contains information about the selections
on the chip and the manner in which they were coded. This and other header
information are accessed once upon power-up or insertion of the music chip into an
associated audio player in order to determine the available track selection of the
chip. Header information pertaining to each track is read subsequently in cueing up
the chip and navigating between individual track selections.

In addition to the global header 22, each chip will have a section of memory
therein allocated to what amounts to a table of contents 34. Track selections will be
listed as part of this table of contents by individual headers 36. The table of
contents 34 will include information on play times, song titles, music categ_ery and
artist. The information contained in the table of contents allows the chip contents to
be self-registered, i.e;, downloaded, upon inSertion into an audio player/juke boi
device. |

Referring once again to FIG. 2, an exemplary representation fqr the table of
contents 34 including individual headers 36 is shown immediately following the
global header 22. A preamble 38 is shown preceding the individual headers 36,

wherein the preamble may include play times and song titles as has been discussed.

~ The preamble or, global header may also include other mformatlon as memory costs

" prove to. be 1ess restncuve Examples of addmonal mformatlon which may be
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includable on the memory chip include graphics data corresponding to the
prerecorded music, such as album artw;nk, and pﬁnted song lyrics, each of which
may be viewed on a display device associated with the audio player. The display
device may be a display window on the player or a display at a remotely viewable
device, such as a remote control.

An individual header 36 is broken into secﬁons and contains a music
category 40, an artist 42, and addressing information 44 for each track selection.
The music category designates a type of music associated with each individual
track, for example, classical, jazz, country, rock, etc. The concept of storing specific
track information within an individual header 36 allows a user to select music
accérding to a categorized type of music, by artist, or combinations of both, as well
as other criteria. For instance, a user may randomly select from the categbrg.f of
country western songs to be played over the course of an evening. On the other
hand, tﬁe user could also request t§ hear songs from a specific artist, for example,
Billy Joel.

The category section 40 (CAT) of the individual header 36 will correspond
to a standardized numbering scheme for types of music. The category section 40
iﬁcludes a fixed field of predetermined lengfh having some reasonable limit -- for
example, a field of eight binary encoded bits corresponding to 256 possible

categories. Examples of three letter abbreviations and corresponding category

" numbers for some standard music types are as follows: Classical (CLS¥O); Coun&y o



10

15

20

(CTY=1); Gospel (GOS=2); Jazz (JAZ=3); Popular (POP=4); Rap (RAP=5),
Reggae (REG=6); Rhythm aﬁd Blues (RNB=7); and Rock (ROC=8). The list will,
of course, be further developed to include various recognized music types.

The specification of bit assignments to each music type is intended to be

standardized and periodically reviewed to accommodate new music types.

Specification of the category codes and bit assignments therefor would most likely

include input from music distributors, as well as the audio pla_yef hardware
1ﬁanufacturers.

. Also included within the individual header 36 is the artist field 42, which
may be encoded in one of two different v_vays.' In a first technique, a unique bit
assignment would be given to each recognized' artist in a similar manner to the
assignment of category codes 40. This method, however, will necessitate an

extremely large field in order to include an almost boundless list of musical artists.

-In addition, this coding technique will present a formidable challenge in keeping the

artist encodings up to date as new artists emerge.

A second approach, which is perhaps more efficient, is to implement a
procedure for abbreviating an artist’s name and then encode each character of the
abbfeviation. As an example, an abbreviatioﬁ for the artist Whitney Houston might

be encoded as follows:

EX: Whitney Houston -—> WHOUST = 23/8/15/21/19/20
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where alphabetic codes are represented as {a=1,b=2, ¢=3, .. ., z=26}

Thus, each alphabetic character would be assigned a corresponding numeric code,
wherein artist names would be abbreviated up to a predetermined number of
characters. The intent here is not to convey an absolute fepreSentation of the artist’s
name, but to provide a field that can be scanned quickly to identify selections from a
particular artist with low probability of falsely selecting a track from another artist.

| This kind of encoding scheme, wherein the artist’s name or identity is
somehow abbreviated lends itself to arithmetic coding techniques used for text
compression. Arithmetic coding, however, requires a global database of possible
artists to get fhe highest efficiency in bit assignments and also resuits in non-
uniform word fields. For this reason, arithtnetié coding utilizing non-unif01;m word
fields may be undesirable, since implementation thereof is contrary to the concept of
fixed ﬁéld widths. Non-arithmetically coded abbreviations, however, may be
iﬁxplementable utilizing a fixed field of sufficient length to accommodate
abbreviations for any of the artists. |

As mentioned, an address field 44 is included as another section of the

individual header 36. Two possible encoding schemes are co:itemplated for the

" address field 44. Referring to FIG. 3, there is shown a first encoding scheme 50 for

indicating track addresses of a music selection. FIG. 3 shows the preambie field 38,

as well as categoi'y and artist fields 40, 42. Addressing is accomplished by
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explicitly specifyiﬁg a begin address (ADDRB) 52 and an end address (ADDRE) 54
for each track. These addresses are read from the individual header information 36

at the start of each track. Decoding of this first address encoding scheme 50 begins

with ADDRB 52 and proceeds until ADDRE 54 is reached, at which time a new

track is selected. The remainder of the memory in the music chip 10 following the
global header 22 and individual header 36 information will contain the actual
encoded music which is s_iored utilizing a suitable PAC algorithm.

Referring to FIG. 4, a second address encoding scheme 60 is represented.
As with the first approach shown in FIG. 3, the instant scheme utilizes the preamble
38, and includes an individual header with category and artist field 40, 42,
respectively. An end address 62 is specified following the artist field 42. The
second scheme 60 relies more heavily on predefined, fixed width header fields and
eliminates the need to specify both begin and end addresses (only one of which is -
supplied). Advantageously, this is more efficient in terms of storage requirementé
and accessing tiine, since only one address need be accessed for each track. By
utilizing fixed field widths, the encodéd music data corresponding to Track 1 of a
music chip is known to begin at.the end of the complete header information , i.e.,
global header 22 + preamble 38 + individual headers 36. Thus; the address field for
Track 1 need only specify the end address 62, since the begin address is already

known or implied. ‘A begin address for subsequent tracks is computed as the end
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address 62 of the preceding track on the chip, plus one address location , i.e., one
more than the end address of the preceding track.

Ifa random play feature of tracks is desired, this can be achieved by
indexing to the address field 62 of the appropriate header 36 of a preceding track
and adding one to recover a begin address for the desired track. The ;ddress field 62
for the last track on a music chip 10 will be encoded with an “End-of-ROM”
indicator in order to signify that no music content exists beyoﬁd that selection.

It will of course be understood, that the address field 62 of the present
embodiment encoding scheme can also be equivalently encoded as the begin address
of the next track, wherein the end address of the present track is implied. This
approach is somewhat less intuitive than providing an end address, as previously
discussed, in that the address information contaimed in a specific héader doe;s not
explicitly pertain to the track in which it is encoded.

The present invention data protocol for a music chip enables generai
information regarding specific music selections to be quickly and easily accessed.

In a preferred embodiment of the invention, the headers , i.e., global and individual
are encoded with fixed field widths to eliminate the need for explicitly numbering
eacii track, The header information for a track, n, can then be accessed at the

following address:

[global header width] + [(n-1) (individual header width)]
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where n=Track 1, ..., Track N.

By supplying general information regarding the contents of a music chip
within a hierarchical arrangement of . global and individual headers, this general
information can be easily downloaded to a jukebox or home player; wherein a user
may access that information without having to manually program any hardware.
Music selections are then easily accomplished on the basis of artist, type of music,
or combinations of bdth, thus allowing for increased flexibility in the making of
single or multiple music selections.

Of course a significant concern in the implementation éf the present
invention data protocol hierarchical header arrangement is the amount of rhemory

space on the chip 10 which is lost in providing space for the headers. At present the

standard music chip 10 includes in excess of 20 M-bytes of Read Only Memory

(ROM). Employing the 'encoding algorithm at present day processing speeds, this

- translates to approximately 45 minutes of usable playing time per chip. At_an

average of 3 minutes per track, a music chip can accommodate approximately 15 or
more tracks. The memory required for storage of the 15 accompanying headers for

each of the tracks is envisioned to be significantly less than 1% of the memory

. capacity of the music chip 10. Accordingly, the required memory space for storage

+.0f the header arrangement will not adversely affect the overall storage capacity of

the music chip, and will at the same titﬁe provide enhanced sélectivity for the user.
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From the above, it shbuld be understood that the embodiments described, in
regard to the drawings, are merely exemplary and that a person skilled in the art may
make variations and modifications to the shown embodiments without departing from
the spirit and scope of the invention. All such variations and modifications are
intended to be included within the scope of the invention as defined in the appended

claims.
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WHAT IS CLAIMED IS:

1. A data format for use in an audio system wherein pre-recorded music is
digitally encoded in memory of an integrated circuit music chip, and said music is
decoded and reproduced by means of an associated audio player, said data format
for storing infomaﬁon pertaining to the contents of said music chip, wherein
individual tracks of audio are stored in designated lécatibns in said music chip, said
data format including:

first header having parameters stored therein for use by said audio player in
decoding said digitﬂly encoded music stored in said memory; and

at least one second header, said second header including selectable
categorical informatiqn relating to said individual tracks of audio stored in said

memory.

2. The data format of Claim 1, whei'ein said first header includes a bit rate

used for decoding said contents of said memory.

3. The data format of Claim 1, wherein said first header specifies an

algorithm used to encode said contents of said memory.

4. The data format of Claim 1, wherein'said second header includes a data
field designating a category of music corresponding to one of said individual tracks

of audio stored on said music chip.
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5. The data format of Claim 1, wherein said second header includes a data
field having stored therein a code representative of an artist, said éftist having a

work included as a corresponding one of said individual tracks of audio.

6. The data format of Claim 1, wherein said second header includes

5  addressing information corresponding to said individual tracks of audio.

7. The data format of Claim 6, wherein said addressing information includes

a begin and end address for each of said individual tracks of audio.

8. The data format of Claim 6, wherein said second header includes data
fields of fixed widths, and wherein said addressing information includes only an end
10  address for each of said individual tracks of audio, whereby a corresponding begin

address is implied.

9. The data format of Claim 1, wherein said first header includes data

pertaining to distribution of said pre-recorded music.

10. The data format of Claim 5, wherein said code representative of said

15 artist includes a binary coded abbreviation of said artist.

11. The data format of Claim 4, wherein said category code includes a

binary code corresponding to a specific music type.

»

12. The daté format of Claim 1, wherein said at least one second header

includes a data field corresponding to song titles and play times.
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13. The data format of Claim 4, wherein said music categories are selected

from the group consisting of Classical (CLS); Country (CTY); Gospel (GOS); Jazz

' (JAZ); Popular (POP); Rap (RAP); Reggae (REG); Rhythm and Blues (RNB); and

Rock (ROC).

14. The data format pf Claim 1, wherein information included in said first

and second header is automatically downloadable from said music chip upon power-
up.

15. The data format of Claim 1, wherein said at least one second header

. follows said first header and said second header includes a data field designating a

music category followed by a data field designating a musical artist followed by a
data field designating addressing information for a corresponding one of said

individual tracks of audio.

16. The data format of Claim 15, wherein said addressing information

includes a begin and end address for each of said individual tracks of audio.

17. The data format of Claim 1'5, wherein said second header includes data
fields of fixed widths, and wherein said addressing information includes only an end
address for each of said individual tracks of audio, whereby a correspc_on_ding begin

address is implied.
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18. A data protocol for use in storing pre-recorded audio in memory of an
integrated circuit chip, said integfated circuit chip being adapted for use with an
audio player, said data protocol comprising:

global header having parameters stored therein corresponding to an encoding
technique used for stc;ring said pre-recorded audio in memory and used by said
audio player in decoding said audio; and

at least one individual header having multiple data fields, said data fields

- including general description information about individual tracks of said pre-

 recorded audio.

19. The data protocol of Claim 18, wherein said global header specifies a bit

rate to be used in decoding said pre-recorded audio stored in memory.

20. The data protocol of Claim 18, wherein said individual header includes a

data field indicative of a music category for an associated track of audio.

21. The data protocol of Claim 18, wherein said individual header includes a

“data field representative of an artist associated with said individual track.

22. The data protocol of Claim 18, wherein said individual header includes

addressing information for an associated one of said individual tracks.

-23. The data protocol of Claim 22, wherein said addressing information

includes only an end address and wherein a begin address is implied.
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24. The data protocol of Claim 18, wherein said global header and said
individual header are self-registered upon said integrated circuit chip being powered

in said audio player.

25. The data protocol of Claim 18, wherein said pre-recorded audio is

5§ encoded in memory immediately following said at least one individual header.

26. The data protocol of Claim 18, wherein said at least one individual
header follows said global header and said individual header includes a data field
d¢signating a music category followed by a data field designating a musical artist
followed by a data field designating addressing information for a corresponding one

10  of said individual tracks of audio.

27. The data protocol of Claim 18, wherein said individual header includes a
preamble including displayable information pertaining to song titles and play times

therefor.
28. The data protocol of Claim 18, wherein s_aid individual header includes a
15 preamble including displayable graphics relating to said prerecorded audio.
29. The data protocol of Claim 18, wherein said individual header includes
displayable song lyrics. | |

30. The data protocol of Claim 26, wherein said global header includes a bit
rate used for decoding said prerecorded music, along with displayable record label

20 and copyright information.
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31. A method of segmenting memory in an integrated circuit chip, said
integrated circuit chip adapted for use in an audio player and said memory having
pre-recorded audio stored therein, said method comprising the steps .of:

~ storing in a global header parameters correspondiﬂg to encoding techniques
used ir_1 storing said. pre-recorded audio in memory; and

coding in at least one individual header data fields indicative of general |

description information for individual tracks of said pre-recorded audio.

32. The method of Claim 31, further including the step of specifying in said

| global header a bit rate to be used in decoding said pre-recorded audio stored in

memory.

33. The method of Claim 31, wherein said individual header includes a data

field indicative of a music category for an associated track of audio.

34. The method of Claim 31, wherein said individual header includes a data.

field representative of an artist associated with one of said individual tracks.

35. The data protocol of Claim 31, wherein said individual header includes

addressing information for an associated one of said individual tracks.



