2246458 DI G TAL COVPUTER | NTERFACE FOR SI MJL ATI NG AND TRANSFERRI NG CD- | '
DATA BACKGROUND OF THE I NVENTION 1. FIELD OF THE INVENTION: 5

The present invention relates to the field of .recordi ng>asidEephdipidiy

digital data, and in partlcul ar, to a di gltal corrputer i nterface for _

sinul ating and transferrin - L . CE} ). gdata. 2. ART
BACKGROUND: 10 In the nusi e T TACT : as+agly Int

data processing industry, it s qui t-e—com'rtm—t‘U—STOT'e aud| o, vi deo and t eX
data on a conpact di sc and rBACKGROH x V&N X The
conpact disc is ‘arecord carrier for storl ng aud| o, video and text data as
digital information 15 according to certain formats such as the Conpact
Disc Digital 4Audi g,z ). JA provides for sanpling audio data at -
44,100 Hz, interl &Ving subcodes and Ot hers. See, System Description of the
Corrpact Di sc Digital Audio (Sony and N.V. Philips, April 1987). Subcode is
an auxiliary data streamwhich is.nerged with the re?ul ar data and which

has nuner 8us functi ons ThePragenbinveniiam relates 1o thesfield of recordina mndgeplaying

begi nni ng of th ct dis¢e and | roviding a
cat al og of tté? a'?’a&%ﬁ"ﬁ B%ﬁfﬁlgpc'g agﬁa'a“[aoé‘i&gﬁﬁ {%’@F? ?‘%ﬁﬁ?'é‘f"a@‘ng dfurt her
vital functi qrangtetihg Gonpact bﬁscqﬁmg&ﬂ,d €D-9 dfravey the status of
pre-enphasis In the recording so that de-enphasis can be automatically
selected in the deV| ce accepting the conpact disc. See, Watkinson,-J.D..

The 25 Art oé %I tah Audi o nggal Press: 1989) pages 470-478. The corrpact
di sc decoder Ts a epts conpact discs, reads the Information _
on di scsqgand converts the Information thereon to: (a) anal og audi o

signals, (b) digital audio signals and (c) subcode signals. The di g+ al

audi o signals froma ¢ imtheahusic anddeconing |hdugmemdﬁmieasmglyhﬁ thd-BafaBU -
interface and Its derjvatives. The 30 AES/ EBU standard is a w dely
accept ed ser i RIPCRSSIGIRAYSINGf Is guite commmon torsiere udia, yidesaand text ﬁ?@l@hﬁ audi o

data. See AEW&&%@%@ fopia§ thé galfn%rorpb%%ac! disc decoder. The compact

disc is a record carrier for storing audio, video and text data as digital information

15 according to certain formats such as the Coinpact Disc Digital Audio System -

(CDDA). CDDA provides for sampling audio data at 44,100 Hz, interleaving —
_ subcodes and others. See, System Description of the Compact Disc Digital
Audio (Sony and N.V. Philips, Aprif 1987). Subcode is an auxiliary data stream
which is merged with the regular data and which has numerous functions among
20 which are to assist in locating the beginning of the different data pieces on a
compact disc and in providing a catalog of their location on the compact disc and
their duration. A further vital function provided by the subcode is to convey the
status of pre-emphasis In the recording so that de-emphasis can be automatically
selected in the device accepting the compact disc. See, Watkinson, J.D., The
25 Ar of Digital Audig (Focal Press: 1989) pages 470-478. The compact disc
decoder is a'devic‘e that awepts compact discs, reads the information on discs,
. and converts the information thereon to: (a) analog audio signals, (b) digital audio.
. signals and (c) subcode signals. The digital audfo signals from a compact disc
decoder is generated via the AESIEBU interface and Its derivatlves The )
30 AES/EBU standard is a widely accepted serial transmission format for linearly

representing digital audio data. See AES Recommended Practice for Digital



Audi o Engineering - Serial Transm ssion Format for Linearly Representing
Digital Audio Data, Audio Engineering Society, J. Audio Eng. Soc. 33,
975-984 (1985): Digital Audio I nterfacte CP-340 -- Standards of Electronic

I ndustries Association of Japan, Engineering Departnent of Electronic

I ndustriegs 5 Association of Japan (Septenber, 1987), pp. 2-6. The subcode-
signal s w al so encoded in the AESIEBU stream and typically appear as

di spl'ays on the front panel of the corrpact di sc decoder. The corrpact di sc
decoder accept s AgHioIE missEinad Sa :

track and etc. However rrpact p '

i nformation ot hﬂﬂWﬂWixE@iﬁaMr SOGield d.uMudio Eng. Soce33,c975:084/,

t he conpact di Sf@é& f j nds ] referred to as
Conmpact Disc-1n =2adie anicdodugtias vi deo

di splay screen, Wt ard or
pointer), and an rntertac vgp gﬁg g&‘ﬁ’ d‘;fa@lucr?ftc "J%ﬁ‘rﬁig’%% east a
conpact di scb deAssauiationdofalzipan (Septembef, |mm’. Pp. 2611 Thelisabeodecsighaléardarst
St andar di zation of CD-1 Technical Paper presented at M crosoft Conference,

Seattle, March ¢oeesedindbe AES/EBY streamypnd typically appearas sisplays podhadmont | n

rogr am and dat RIS ihe Bapalif Gbeodsl i combBECHIEE rbidbl Reforts sippe "°
subcodes. The Cgomnii@sdsuchi a9pIaR! stop, P28 V§5107Aé:a tiatr &nl lafc. CREWaRdr, theSC

pl ayer over an AES/ EBU Interface a 'sends thereto-si npl e commands, such as
stop, play, Junpqmgaﬂtd!smdamder doks antintarpret fidormation other thaim: nempamcdis;s of

manu cturln ssjnqg a conpact disc |s expensive, and the - turnaround

ti rre%'anges %‘%‘B‘%&""Pﬁ several weeks, depending on the availability
of the factory The digital -i-nfermation on a conpact disc is essentially
prograns and data. If there are errors In the prograns or in the |ogic of
the prograns or in the daverd tezehtly, the compact disc aisoffindstapplicztiontin dmeractive

correct 30 such errors before the mass production of the conpact disc
begi ns. use, referred to as Compact Disc-Interactive (CD-1). A CD-i decoder is a device

having a video display screén, an audio -output, an input device (mouse,
15 keyboard, or bginter), and an interface to various storage media including at
least a compact disc decoder and oplionally a floppy or hard disc. See D.C.
" Geest Standardization of CD-1 Technical Paper presented at M‘crosoft
Conference, Seattle, March 1986. Also see, for example, U.S. Patent No.
- 4,794,465. In contrast to the compact disé decoder, the CD-1 decoder interprets
20 the program and data on the compact disc as well as compact disc audio and
subcodes. The CD-l decoder typically receives data from the compact disc
player over an AES/EBU interface and sends thereto simple commands, such as

stop, play, ]ump. go to next track and etc.

25 .. The process of manufadurin'g or pressing a compact disc is .
expensive, and the furnaround time ranges from a fow days to several weeks,
. depending on the avallability of the factory. The digital information on a compact
 disc is essentially programs and data. f there are errors In the programs or in the
logic of the programs or in the data itself, it would be useful to detect and correct
30 such emors before the mass production of the compact disc beglné.



It is therefore an object of the present invention to sinmulate with a *
digital conputer the signals to a CD-1 decoder accurately. It Is a further
obj ect of the present Invention to providle an interface for a digital
conputer for storing and replaying encoded CD-1 data directly to and from
commerci al devices that 5 support an AES/ EBU standard or a consuner

version thereof. As wll be described nore fully below the presentg)

i nvention provides a hardwaresolution to the task of sinulating CD-I ‘data.
The presernt inventiolt iqaﬁrmtbmmdb]gcttmheoprmmenvérmmwsimmawMtala data from
comerciall'y 10 avail ablé CD'1 decoder and to repla éithe sanme in rea

time. To stchgital saeppigsthg siopals te afeD- ‘HPMB&&&W@&% % afurtheripblectntqi t al
e 0 ot 3B ofGER, oot Bihab'andineRaRy oF STRLA oPiMG o o U e o o,

I's bursty, repRyig encobied \GB-Nda@! direelly Rand ROM coMmmeidil deices s from a few
milli seconds to a full second. This delay arises because 15 of contention

for the&swoﬁmmwwmeEhvefpmﬂbemfa digital conputer
and di sk seek delays and rotational latencies. It follows that the nornal
data inputs to and outputs from a-digital conputer |s unacceptable for real
tinme, high quality apgdi Ridsc correction
I S necessary to conp,e‘%svg![lggfor ﬁ&b@urst Pﬁ%&f% G%S{dpiwﬁa di gi tal
comput er-, |prwdsea2ﬁrdmrsmnibnnottm‘laslsotsknulwngemndaue Thb presoat ng t he
conput er or-nmachi ne i n advance of real tine such that the correctly tined

_output si grigyentignpermits g digital sompyter in statedigital @at%ff%@@mfdﬁ“kver y 22

tal Audi
(Focar 1 oveni - yadducna 35 Vo) to'Sahib threal'fifi."7o séro Bhfiiedley b et
-of the pr e&eatnmawagﬁ BN WigiaF Qudie) dijita) BB SR beidnised 844, TRz AFS/ EBU
audio interface to digital conputer for storing and replaying digital

audi o-wi t hcnnpmximam onece W@%@M lrlowemytha inptith@nddhe ect of the
D Rt I Sae b b, B3 P Tl A R B 1o
a system bUiﬁputs ranges from: a few milliseconds to a full second This delay. arises be‘cause :
15 of contention for the use- of buses and memory by different parts ot a dlgvtal
~computer and disk seek delays and rotational latencves It follows that the normal
data inputs .-to__and__ompu_ls_from a digital oomgu_tsn is pn___a__ccept_able_ for real t time,
high quality audio input.and output. As such, a timebase _obfré_ctlon is necessary
to cor’npen_'saie for the bursty input and output ot .a'-digita_l_' computer.’ ﬂmsbase
20 correction _:te_fers to the _t_ech_n]que_ﬂo_f nunning the e_omput__er .or_'m_ac'_hina_ in advance :,
~ of real time such that the correctly timed output signals will enable the digital
audio to be sampled at évery 22-.-mi_¢zr.ose°.¢:>hds or at '44.100 Hz. See Watkinson

J., The Art of Digital Audio, (Focal Press: 1988), pages 76-84.

25 o - Rtis yst_‘_ a_n_ot_b_a_r obj_ect of the present invention to incorpo_rats

~ timebase .cp_rre'q_lion_ in an. AES/EBU audio interface 1o a digital computer-for
o . storing and replaying digital audio without further soﬁw_a’__re assi_slance. .

n is yet another object of the present. lnvenlion to.convert paratiel,
30 bursty computer data lnto synchronized data format suulable for transfer between
computers coupled to a system bus. '
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-3+ There are several comercially avail abl e conpact disc sinulation
systens on the market. Anpbng them are TOPi X CD ROM Publ i shing System by
Optical Media International, CD Publisher Trademark by Meridian Data, Disc
Architect by TMS and The CD Si mul at or by El ectroson. ‘It is believed that
none of 5 _ the prior art conpact disc sinmulation systemprovide real tine
digital Udi 0. Furthermore, nost of the prior art systen1re|y on software
to interl eave the subcodes THE

E
According to the present |IWﬁtq'?)ﬁeY?f8*‘é°mﬁ“§'°W§ %%V‘QF?%%%&VM@P
i nterface and metdiggnidon HoHambl Kt fmmxrtﬂaeﬁéu?p%gm. SSypstom by’ ¢ N

inclains 1 and ppende her et o the interfac esen

i nvention and an quodlmd;a international,,C Fthllshem'lttdmmm(hy Meﬁdiawmtaa,mdsc
sfores CD-l data formatted as AES/ EBU data streans. The CD-I data are

aut omati cal Iy corfehiteq) by NS apd The G Siraulatar by, Eleciipson. ot is;befiexgd that nanesnf x

data. Wi { o dafrBh b Bhpadec RitibR brién FaVIER i ST SGl ALl 27"

the Unix file ar Gthﬂié'rﬁﬁﬁdrﬁd%t@n@pHoﬂ@&%m rély ondokwarOdTRteAedVe the

avai l abl e conpact disc decoder. The prograns and dat-a fromthe Unix
file are - subcodes.
o



-

outputted at the constant rate of 176,400 bytes per second, which ¢onforns °
to the CD- 1 standards. Commands fromthe CD-1 decoder are transmtted

t hrough the Uni x workstations and controls the inputs and outputs of the
Unix file. Thus, the present invention allows the user to sinulate the
signals to and fron1 a CD-1 decoder without actually pressing a conpact

di sc. The present invention provides for at |east two |evels of bufﬁéying
in conpensating for the delays of a digital. . conputer, thus achreving the
required: timebase correction. At the_first level of buffering, there is an
ei ght Megabyte nenory coupled to tﬁeBVWE bus of the Unix workstation over
an auxi'liary processor. ThIS nennry stores_about 45 seconds of digital
~data.. The secondary. | evekmm 3 e ahisREm e ovi ded by an interface
board which further buff&Fs ar ) mTliseconds of - 6. data
bet ween the first |evel ‘of- bufferlng and the second |evel of buf f ering.

The outbound | K&EdeeEding (¢e e HrdgRifnt [Vt Sandre eq separ at e

regi sters to, rocess Lh dlgltal wWh E% are etr| ve f omt he
i ol Lol FESHIdRS = " gigntan’ rempy theeges fpoea H F Fo
r egi stersamul'ﬁtadnrahdr elgrma'erni:ngvm-mtuanad wsldseﬁaﬁpr’eh inThe second

regi ster third register receives optionally
QRSTUVV\F { '% Si’?ﬂ%g'ée;?&éél i i i

subco “of burdening the Unix software with
the task of interleaving the subcodes t he present |nvent|on manages and

With the interface of the present ‘invention and
an auxiliary processor, a Unix workstation receives and
stores CD-I data formatted as AES/EBU data streams. The
cD-I data are automatically converted to programs and
data sultable for storage in a Unix f11e.-The programs

and data are formatted to resemble compact disc sector
data. With the same interface of the present invention,

the cD-I data in the_Uhix'file are_replaYed_to a CD-I
decoder or any 'commercially available compact disc - -
decoder. The programs and data from the Unix file are '
outputted at the constant rate of 176,400 bytes per
second, which conforms to the cD-I standards. Commands

from the CD-I decoder are transmitted through the Unix
workstations and controls the inputs and outputs of the

Unix file. Thus, the present invention allows the user . \J
to simulate the signals to and ‘from a CD-I decoder

without actually presSing a compact disc.

The present invention provides for at least two
levels of buffering in compensating for the delays of a
digital computer, thus achieving the required timebase
correction. At the first level of buffering, there is an
eight Megabyte memory coupled to the VME bus of the Unix
workstatlon over an auxiliary processor. Thls memory
stores about 45 seconds of'digital'data. The secondary
level of data buffering is provided by'an interface board
which further buffers an additional 1.5 milliseconds of -



marfi pul at es the subcodes with the hardware of the interface. The subcode is
an auxiliary data streamwhich |Is nerged with the audio data and which has
numer ous functions among which are to assist in locating the beginning of
the different mnusical pieces on a conpact disc and in providing a catal og
of their 5 location on the conpact disc and their duration. A further

vi tal fur{Qpl on provided by the subcode is to convey the status of
pre-enphasis In the recording so that de-enphasis can be automatically
selected In the CD-1 decoder. ‘An I'nbound -,interface simlar to that of the
out bound interface is also provided for r&:ei ving and storing conpact disc
data. Thus, the present i nvention can store and replay 10 conpact disc
data simultan l's
diagramil | us§g§% Br%‘geté"eefn oﬁﬂar icorrpcgétezgl sC %ﬁ%\yp edg*'g@EEé—ﬁF
decoder. 5 Fl &emeliBofs hufifeziingi.agr afhef entbpundendinteyfaceonof the

illustrating | Ok iglespseko
FIGURE 2 is abg‘[%gﬁ&d?g%?ﬁ]th%hp@l%‘éé &%f&ér sewg?'leant?c%é# ed 10 V£VI th

|
an interface PKOSESS Fiw Sigitak t@%%d’(ﬂﬁ"ﬁ Y 5?E§éﬁi’ AnFERR She
FIGURE 3 is adilgdtialdi eghpatek.t he Badter imcetné trhesy e t6d s 1 cbnpriztseat of

contFoland sPiRSelity S FIFO. reqiqtirdy crthe Hilek hRdkaret, fhRE  Toe an
i nvention.  Fl cuRboid saudior sampldsagr Fhef seponduriegistesdureceivesecQ
FIFCs used i ngibeode,T@ited enppeli ERekaof {»Q&igﬁéﬁerﬁeéé‘i‘&&’é&iBBtionally
QRSTUVW or RSTUVW subcode data. " Instead of burdening the
Unix software with the task of interleav:mg the subcodes,
the present invention manages and

—



20 FIGURE 5B Is the circuit diagramof the outbound Q subcode FI FO used in*
the preferred enbodi nent of the present invention. FIGJRE 5Cis the circuit
di agram of the outbound (Q R-W25 subcode FIFO of the present invention.
FIGURE 5D Il lustrates the organization of the CD-I data on a N conpact disc
and particularly the subcodes. 30 FIGURE 5E il lustrates further
details of the subcodes of the CD 1 data. FIGURE 6 is a circuit @agram

of the outbound control and timng logic unit used in the preferred .= -
enbodi ment mahipulatesthesubtodesweittt therhardwaieRH thie interfacei Ithei subdodg isoan of t he -
data nmerge unit used in the 5. preferred enbodi nent of the present

i nvent i on. apfiignrdata steeam which is merged,withthe audie datasancwhish hasr si on unit

used inth erred. emhodi npent. Lof t inyemtion. 1Q.. -

i oURE o 1 uiefiuB o RS ir?sos' 8 hosfl BEIOHE Bobfpa it | 1 1 e

preferred gimarsht Wuticad plebbs ofatdoRipact AL HNAAA providihiRa ckitdlog of fhefd M CUi t

di agram of one of the four digital output ports suitable for connecting to

Phi | i psb CDiocatiercon the carppat disetardtheir siuzationr A further yialduncliongrevidéd t he f our

di gi tal "audi o outputs suitable for connecting,tq Sopy CD-I1, decoder. Fl GURE

1% s o1 br Thesieas 1510 fonvay the, S1afos o pre-ampiasls I ihe RaEg Sa bRk ¢ (i ng

connect i oNgh @ reHhs tjgd;ﬂéf ic ' : 1 del Nend i sel ector.

unit for tﬁég}i@f‘ E‘% au |gm?ﬁigﬁ?é1§\sgeeg®|‘ %‘F{'ﬁgeﬁ%}}g‘e@ .e%domw of the:

pr esent +nintertacersimiar to that of the outbbunitl interidta i§ aisa provided fordecalviagn of t he -

i nbound AES/ EBU . — N e o
- and storing compact disc data.” Thus, the present invention can store and replay

10 _compact disc data simultaneously. - S \

L



coriversion unit used in the preferred enbodi nrent of the present invention.
FIGURE 138 |Is a circuit diagramof the parallel data conversion/denerge
unit and of the Inbound control and timng logic unit used In 30 the
preferred enbodi nent of the present invention. FIGURE 14 is a circuit

di agram of the inbound data FIFO used in the preferred enbodi nent of the
present iQgyention. FIGURE 15 is a circuit diagramof the inbound subcode
FIFOused 5 In the preferred enbodi mrent of the present invention. FIGJRE
16 is a-circuit diagram of thgpEr OESCMPYIONE i R Awegsused in the

di sk simulator Interface board of the preferred enbodi nent of the present

I nvention. 10 DETAI'LED DESCRI PTI ON OF THE | NVENTI ON A di gital conputer
interface is disclosed fo | d.ng. CD-1 _dat a.for CD-1 deco . Jhe
ipterface pernits the di g:i:llépﬁgo%d? gpgf%"r“ﬂ‘é&%\"@ﬁ@&%@ﬁ%"%?ﬁ%d’@@%l
data in its nmenDgyypled'th & CO-PUbEGHer. L herefromand to replay CD-I data in
real time to a CD-I' decoder. Furthernore, the digital conputer may transfer

the CD-1 datato other conputers equipped with the sane interface over a
network link. In'the follow n% descrption, for the purpose of explanation,

numerous details are set FYRPRESTRHs adlagkdiagram ef the present inuentian iysispting
signals, 10 digi luJGOJfW mﬁé&'diﬁd %ng%\rw@gar @qgr&%&f’?r.t hor ough

under st andi ng of "t he presen nventi on. be apparent- to one
skilled in the-art that the invention may be practiced w thout these
specific details. In-other instances, well-known conponents, structures,

and_el ectrical processi ng FGHRE 2 is/a blask dirgramcnf-diital computern system coupletk:r
not 10, 0bscufe t Nn BhGRdRhod I Sorddhcl WA 8 18linings of the present invention.

- : FIGURE 3 is-a block diagram of the interface of the preferred
embodiment of the present invention. | '

15 FIGURE 4 is a circuit diagram of the control and status register

- used in the preferred embodiment of the present invention.

FIGURE SA_is a circuit diagram ;i the outbound sound sample
FIFOs_used in the preferred embodiment of the present invention.
20 | .
FIGURE 5B is the circuit diagn:am of the outbound Q subcode
FIFO used in the preferred embodiment of the present invention.

FIGURE 5C is the circuit diagram of the outbound (Q) R-W
25 subcode FIFO of the present invention.

FIGURE 50 Hlustrates the organization of the CD-l data on a
compact'disc and particuiarly the subcodes.

30 FIGURE SE lllustrates further detalils of the subcodes of the CD-!
data.- '

<
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15 Referring nowto FIGURE 1A, a prior art conpact disc decoder is
illustrated which allows user to replay CD-I data on a conpact disc. A
conmpact disc decoder 20 Is coupled to a CD-I decoder 28 over an AES/ EBU
digital output line 22. The anal og audio signals fromthe conpact disc
decoder 20 are 20 outputted fromthe CD-1 decoder 28 to an audi o out put
device 21, while the video signals are outputted fromthe CD- 1 decodgr 28
to video display unit 23. It should be understood by one skilled In the art

‘that the audi o out pFIGURE& s Qﬁmﬂmagmomemndlﬁnﬁmmmmm has at

| east .a left_and a right channel configuration. It should al so be

under st oodogig unitusediin F'?ﬁjpfﬁfﬁftwee'ﬂ‘?qd'mﬁ@t(’fttmP@SQEUWZQN@F'SpI ay unit may
take the formof any of several well-known varieties of CRT displays and
hi gh definition displays. An input dévice 35 such as a nouse, keyboard, or

pointer is provi ded QURES @g,,&mrg?ﬁﬁ, oA gugE— t he
conpact disc 20 over a conmmand input Tine 26. ke tﬁg AES/ Iggﬁ‘cﬁbgr t al
out put § i nprefistred érebodiment aftheprasent inwertdnl s a digital |ink between the

CD-1 30. decoder 28 and the conpact disc unit 20. It should be further
under st ood that the audi o output-device 21, the video drsplay unit 23 and

- the input device 25 i %#g,r:ga 8 or

| nt egrat ed with eac lsyﬁraggaﬁ@g?ﬁbﬁq?mw one unl (ﬂﬁ n xanpl e of a
prior art gsudindhe prelerred einbodinntictbeipresbnt invbhtfon. Pat ent No. 4,794, 465. 5
The process of manufacturing or pressing a conpact disc is expensrve and

the turnaround time ranges-froma few days -to sever al vveeks dependi ng on..

e T ) SRR bralLRan B R b Sl B o
al I, i rrevigyrolefrod Bitdcihém of ifle ?l%sbﬁl%\bﬂnﬂbﬁ det ect and correct such.

errors before 10 the nass produc ion of the conpact di sc begins. Prior art :
conpact disc sinulators require extensive physical and el ectrical handling -

bef t di ted i gi tal. dept d
'efef ?Lieeﬁ?”})ﬁchan:jlsf g&{JEEC%]A SN J diagram 5l She & lhqugru igital output P 2"
ports suitable for connecting to Philips CD-idecoder.

FIGURE 10B is a circult diagram of one of the four digital audio

outputs suita_ble for connecting to Sony CD-! decoder.

FIGURE 11 isa circuit diagram of two fiber-optical transmitters

20 permitting connectlon to an optical output dewce

- FIGURE 12is _th_e'!inbo_und se_le_ctqr_imi_t for the AES/EBU audio

input used in the preferred embodiment of the present lnvention:

25 FIGURE 13A Is a circut diagram of the inbound AES/EBY -

conversion unit used in the preferred embodiment of the present invention.

FIGURE 138 is a circuit dcagram of the parallel data
oonversionldemerge unit and of the inbound control and timing Ioglc unii used in
30  the preferred embodiment of the present invention.
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and mani pul ating digital information, such as digital audio. It is

therefore an object of the present invention to provide an interface to a
digital conputer for 15 sinmulating and transferring CD-I data accurately.
FIGURE 1B is a block diagramlIllustrating the preferred enbodi nent of the

pr esent |nvent| on. In place of the conpact disc decoder 20 In FIGURE 1A is

a conpact disc sinulator 40 in FIGURE 1B. The conpact disc 20 sinulator 40
is coupled to a CD-1 decoder 48 over an identical AES/ EBU digital output
line 42 and an identical cEIGHRE 14 iea sircuitrdiageam pbihgdnkound data ﬁ@‘Q@ﬁﬂdéﬂ

disc simulator 4Q,i s _qutputt Q I r 48 to an audi o out put
device 41, while ﬂé"@ﬁﬁg 98@35‘"? 5'{“8{1{?"%&'?%96‘1?@%@ "deo display unit 43. An
i nput device 45 is coupled to the CD-1 decoder 48 for sending conmands 25
fyomthe CD-1 decoder 28 to the conpact disc 40 over an input conmand |ine
46. It shoul d be under st ooFIGYREMS isla cireuit diagranmeofthe intiound subopde FHTO wsed
conpact disc sinulator 40, FIGJURE 1B and FlI GURE, 1A are identical. The.
conpact disc & MF&F%P'%U’QQ’WH@"B‘PE%@HPGPFR@H! n¥entioB. 1y t her coupled to a
magneti c di sk storage 49. Finally, the conmpact disc simulator 40 is coupled
to an AES/EBU 30 digital input 47 for receiving Inputs therefrom

FIGURE 2 is a block di agr aFiGURESIS istd Sifcult dlagraivbd! the IMeinat ganeratingleiretiti n
the preferred enmbodi ment of the present invention. The conmputer system

conpri ses a syst e\lﬁeldde thesdigk sigylater mmmewltwpﬂﬁf@d@!ﬂhmeﬂrﬂé%m ng
unit (CPU) 48 and ah 'ﬂ‘] witeable disk controller 50 and a di sk -~
storage device 5 3§°" Ave gnpr ef erred -enbodi nent of the present inavention,
a VME bus I's gypl oyed as the system bus. See VME bus Specification Manual
Revi $ton C.1 (Mcrology pbt, Inc.: QOctober 1985). Particul aif exanpl es of
suitable digital conputer.to fill the role of the conputer  include-machi nes
manuf actured by Sun M crosystens, Inc., Muntain View, California Qher
machi nes having like 10 capabilities may; of course, be adapted in a
straight-forward manner to performthe several functions described bel ow
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Referring now again to FIGURE 2, a disc sinulator processor 54 |Is coupled
to the systembus 46. A disc sinmulator private nenory 56 connected 15 to
the disc sinmulator processor 54. At the sane tine, a disc sinulator
interface 60 is coupled to the system bus 46. An optional connection 58
permits the disc sinulator processor 54 to communicate directly with'the
disc simulator interface 60. Particul ar exanples of suitable procesgors to
fill the role of disc sinmulator processor 54, Include the Sun-4/260 ° -
processor .nmanuf act ur edREYAICED: DESCRIPTION: \OF FHE. INVENTIOWUNt ai n Vi ew,
California. Another exanple of suitable nenpry to fill the role of disc
sinmulator private nenory 56°i5 a Sun M c¢rosystens 8-Megabyte nenory card.

Gt her processors an [ mBSn 13 Yok J -&?&@ Mg ANCIY . 'se be
adapted in a strai g(h# H@@@m?@"‘r@!"r@?&%&oﬁgﬁer o_r%_‘_{’#eihg'ga\}@a?t)? B’ﬂ%[o'g ns
described adtDydetdddr. dhednteriacs pérmitsthe dighabcomputeioeceiVe, convgat or
private nmenory 56, and disc sinmulator interface 60, a digital conputer

coupl edd t handstore COzbdata inits meaion: and o rarieve-erefiom andiigreplay CRdi o dat a.
The i nput f diqi,t.al di | S, Vi he disc sinulator

i nterface ég‘% '?Eﬁaﬁﬁo‘ﬁa’ Ggflﬁﬁ?%i’s F&H&%ﬁd“ﬂk@'&ﬁ%’ﬂ"@?b%l audi o data-
will be st i ik P (6é%s b A &A0 th ¢ I netic

di sc cont rgléﬁge*?ﬂgg,cc% Pg%wggnﬂgggs es t hﬁ@ﬁ?@?ﬁ‘gﬁggg'@gﬁ?%ﬁﬁa°ﬁ? wite
and t r ansf setwoskiinlcs intbe Jallowing desdriptions forthe purpose tof ekplanatim, and t he di sc

t devi ce 52. Suitabl-e di ‘or age .. —deyi ces. rmay J ncl ud tic
i scari voSumaps ieals A sotforlaush A SpReifc il slaments, ooRaLIowIS, cos. The

di sc si@ra i 521 C B304 4 hamdb - at ant rat
pecaustd of IgeEe{rie, doc ABflor 1B}t @ toioBph Hidbridrdiel éand ofiaant 70! T RF
t he head ~ofnvehtiordi Hsweven; it il bs appaventdo @one skitisd irothenan ttat theinvédtionr der to
accept a steady audio sanple streamfor storage.and to return it In the

sane-way dmayRe practiced,without thasp spacific delalls.o i pthet instances, welrknowr -

cor oot ! on b hpBRERESbturbd. drlFolBaL B G B AR et pd peh esert

i nvention, ase correction 1's prov SC simulator private nmenory
56- and di sdescribeddh detdilrih @rderat ftdobsdartethet gresantiihvention iunhbeessllily48, the
di sc si1gul ator processor 54 . _

| Refer_ting now to FIGURE 1A, é’p_rior art éomp_a-ct disc decoder is

illustrated which allows user to replay'cb-l da_té 'on'a compact disc. A compéct
 disc decoder 20 is coupled to a CD-| decoder 28 over an AES/EBU digtal .
output line 22. The analog audio slgnais' trdrh the cofnpacl disc decoder 20 are | _

20 outputted from the CD-I decoder 28 to an audio output device 21, while the | l
video signals are outpUttéd from the CD—I d_e_c_oder 28 to video display unit 23. &t
should be understood by one skifled in the art that the audio output device 21
comprises speakers and typically has at least a left aﬁd a right channel
configuration. it sh‘oulcl__ alsb be bndérstood by one skl'liéd in the art that the video

25 display unit may take the form of any of several well'-knoiy_n varieties of CRT
displays and high definition displays. An input 'devieé_as such as a mouse,

*-keyboard, or pointer is provlded'lor sending commands from CD-| decoder 2810
the compact disc 20 over a command input nné--zs. Like the AES/EBU digital
output line 22, the input command IIné 26 Is a digital llnk between the CD-I

30 decoder 28 and the compact disc unit 20. i should b further understood that
the audio output device 21. the video display unit 23 and the input device 25
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10 wites a copy of the digital audio data fromthe disc storage device 52
into the disc sinmulator private nenory 56. The disc sinulator processor 54
manages the buffering of the digital audio data In the disc simulator
private menory 56 - this being the first |evel of tinebase correction. The
second | eyel of tinmebase correction is achieved when the disc simulator
interfaceg 60 buffers the digital 15 audio data fromthe disc sinulator
private nmenory 56. In an alternative enbodi nent of the present |Invention, a

DVA control | er ndpaybe injearated withhthe ©P-lidecodes 28| orrheayintagratediwith eachtotber as
50, the disk storage, b2 nd,t he disc sinulator, pri.vate nenory, 56. re,
The first ovel dironamssSheabnaiintc A1 dranBi bt R bidra campar st istar i
under the contr olggabribdtfin S, Fafknt Mo, 8/704,488, details of this 20 second

| evel of tinebase correction shall be described below. FIGJRE 3 Is a bl ock

di agram of the disc simulator interface used in the preferred enbaodi nent of
the present invention. Disg sinmulato interf&ce 60 is, shown coupled to the

VME system bu® 46 of a di gi 3P_’Q98ﬁ$8(@?’.“_"9?‘@ QSBPVFSWH@'WPWQH%‘? |
conputer |s a m%@h@ﬂb@ﬁﬁ&‘ﬂ?'tﬁﬂa@gﬁ? h‘ﬁe"mﬂﬁ’&r ﬁ&l’l\@few&érfsmo(su%fél %rg?ﬁs £ or

trademark of AT& e Interftace her™ conpri ses arf 1 nboun
recei ving di gi t aldepesidingaitheravalidtiity otthpdadtofyorErrars in ¢the ompadidist) detadi 0
fromthe disc storage 52 and output the same to conmercially avail abl e

conpact di sc decdWehas mistakesdn thedagic phiherpiegrameer iphadata, pre costly anddalmyey .

2nd 80 and i s cod NePveEEla” TheRiets 1 waetlo Serder o0 BuRedh aldiroRE b
unit \84, a 1goariae nfassdsroduction ot iR ﬁiﬁmmeepeghh.t F#Hor aRtol dige cont r ol
and timng logic unit 83 and to at |east two i nbound FIFGs 88 and 90. The

out bound pat h cor§imulaiesszequire pxiensive physical angd eleatiicab hapdling, belora)compac
subcode FIFO 04 e Berii Sy Buidibs DBa el s Sonol HaF Lol A ibo
o o o< ge PR AR B b3 BB LAl ARG 0 6 AP o1
dat a-nmerge unit 6ébjectdfthe present-invention to provide an interface to a digitai computer for
15 simulating and transferring CD-1 data accurately.
FIGURE 1B is a block diagram illustrating the preferred
- embodiment of the present invention. In place of the compact disc decode; 20 in
FIGURE1A is a compact disc simulator 40 in FIGURE 1B. The compact disc
20 simulator 40 is coupled to a CD-1 decoder 48 over an identical AES/EBU digital
output line 42 and an identical command line 44. The audio data from the
compact disc simulator 4_0_ is outputted from the CD-l decoder 48 to an audio
output device 41, while the video data is outputted to a video display unit 43.
Aninput device 45 is coupled 1o the CD-1 decoder 48 for sending commands
25 from the CD-I decoder 28 to the compact disc 40 over an input command line
- . 486. 1t shoukd be understood by one skilled in the art that except for the compact
* disc simulator 40, FIGURE 1B and FIGURE 1A are identical. The compact
disc simulator 40 of the present invention is further coupled to a magnetic disk
~ storage 49. Finally, the compact disc _simulatoi' 40 is coupled to an AES/EBU
30 digital input 47 for receiving inpuls therefrom.. '
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converted Into the AES/ EBU format by the AES/ EBU conversion unit 70 before
bei ng outputted to the outbound select unit 72.and further onto the digital
audio 10 output ports 74 and 76. The inbound selectpr 82 is coupled to the
out bound sel ector 72 over a input bypass line 85. The output fromthe

Qut bound AES/ EBU conversion unit is coupled.to the inbound sel ector 82 over
a test path line 87. The novel feature of t he present invention lie i th
the outbound 15 path of the interface 60. As such, for the remai nder of

t he descri pti-on bel oRIGURE Zisraiblock diagralnillnlstraumadlgitahmmpmhosys(bmat h
shall first be descrlibﬂ" and t hen. be f ol | owed b%/ t he_i nbound path. In the
pref erred 219994 the prejarradambadiraant;of the, Rresertinvéntions The camputer system o VIVE

Viaar Toadoied %@g@#oﬁvfé@%‘m ity el 3 Bt bfbcosliog U 1.

si gnal s conCPUy4®and to bwdnwwlesmgadommlebso dndedisk sforald déVicd’y

totempole, tri-state, and open- col |l ector drivers. ‘For further |nforrrat|on
with reSpedi2.tlp thaprefared embadimant of ﬂlﬁ(m'ﬂiﬂm iwfﬂma MMEebuSriansf er

B e M R e e

cont enpl at: | t ot V. Mm '
conmuni cati (;Mnkr’rafor?z?br‘m'eebe adop?ggs)l ﬁd@?gl ghtﬂ?grsf/v%\mgs ﬁ%arl to

i npl enent . tdoenputerctoifiidbe MIetohchmwtm ihcluémtnanhineEmameébyﬂm CD-t

—data may be transferred f e di s?teib rage 52 to .a; CDl decoder over a S
bus. Alter rMFFWFVm%- Re. ¢ °P"@HI X‘eﬂh rpifiy | SF F'@Gh'ﬂ%l'i'?&ﬁﬂ ke sk storage

o £ G SepSOiiek fiy! & SobEnd ooty 18 Wb ina PRI g, 7015

st at us regnﬁb%sgfaq)mnwaﬁsaggaﬂbaaweldmterface 60 The two: sets of registers
on the left hand colum are the control registers, and the two sets of

regi sters-on the right hand colum are ‘the status. regi. sters “The contr ol

d | at.che 91 |
el ity of Peat bablrnpd Douhobin IEURE Y, B aedpimyier Beosse 816 °f o o
out put dri vQiupldeio'thb sysienbiisee Adist SimuRiteRvay: m‘é&mw)ss ‘i’saigqr_fn%ted .

15 1o the disc simulator. processor 54. ‘At the same time, & disc simulator interface

60 is coupled to the system bus 46. An optional'icbnﬁeétionz 58 permits the disc-
simulator processor 54 1o communicate directly with the disc simulator interface |
60. - Particular examples 6f sﬁnable-pré;eésmsa to fill the role of disc simulator
~ _processor 54, Inclide the Sun 4/260 processor m'ahu'f_aclur_ed by Sun |
~ 20 * Microsystems, Inc., Mountaln View, California, Another example of sultable
‘memory 1o fill the role of disc simulator private memory 56 is a Sun Microsystems
. 8-Megabyte memory card.. Othef processors and meniofies having like
- capabilities may, of course, be adaptéd3in?fa stiaighi-foiward"fmanner to perform .
~ the several functions described below. With disc simulator processor 54, disc
25 * simulator private memory 56, and disc simulator intedaoez'so';:-a- digital'-compmﬁ B
" coupled thereto is able 1o receive, _s(oh,-and"téplay di;j_ilé’i "’audiqf da’tﬁ.' -The input
-* and output of digital audio'-dé_t‘a' Is via the disc .simu!?tdr'-in(édaoe- so_ The CPU
48 determines where and when such digital audio--dé"té'%i_ll_ 'Sie_ stored @nd
- retrieved and sends Instruction to the local magnetic disc controlier 50, which
30 causes the disc storage 52 to read or write and 'lraﬁ's'féi"’s"-.a"“mpl'e’s between the
disc simulator interface 80 and the disc storage device 52. Sultable disc storage
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val'ue of the control and status registers via the VME system bus 46. The
trj-state output drivers also allow the VME system bus to be shared by
conponents coupled therete. The control registers receive Inputs fromthe
VME system bus 10 46 via Input ports 96. The outputs fromthe control

regi sterssare al so coupled to ports 96 which is the data bus. The status
regi stersiconprise a plurality of registers 89. The registers 89 receive

i nputs 61 fromvarious circuits-of the disc sinulator interface 60 for

nmoni t ori ng t hei r devieps ayTinelude tmagnetic dischdrives amagnete-gptic drivessér simiac oupl ed

to the data bus 96. The control and atus registers of 15 the disc
si mul at or i nt er f A0RRYC HOBAL f’ﬁ&'cﬁ%eii‘? éﬁj?eﬁ“’ gp idgvice S2.canngh supply, digital

ot her words, CD-| I
e or 59 000 o 2R} et oorisiaiit 3 HeBaud orfird Hanian Bilolis elbiug BIcRE,
The control and sndiorihe aged iccmdve the lieaddfthe diskobrttoller frovnaorieatesckdd anoher.

control signals to four different clocks located In the control and
timng-1ogic 89. In@rderdo @seent g steady audia sample giream for siorage apdite rafermdbinghe

both accasui bl e dpoie WK S fi. /ol Ot Hibsd e Heele B fimé inghaes cofeft

board functions. dRgcédsaiy Sin'the préteiredbmBadiRhtibl the Pravient INNenti limBbasy. AS
such, it is not witeable, 25 sSince it would serve no purpose. The control

regi st ers contr olcorfeetibn id provided fbyrdisd sinwlatdr)privateomenhory-8@ andaisc sinhatator at e —
48, 44.1, 37.8 and 32 KHz: sel efétm(f rom Di sk

Sinul ator Interf dB@"Gstbﬁ’(P)q% the eonirol BBW:%P&I’ égtj nggl#,'sc simujator progessor 54

CrEnE o Do S A e BB B ool R o e
disc simulator private memory §6. The disc simulator processor 54 manages the -
buffering of the digital audio data in the disc simulator private memory 56 -- this
being the first level of timebase correction. The second level of timebase
Torrection Is achieved when the disc simulator interface 60 buffers-the digital _._
15 audio data from the disc simulator private memory 56. In an alternative o
embodiment of the present invention, a DMA controllér may be used in place of
" the local maghnetic disk oontroller__ 50, the disk storage 52.and the disc simulator
private memory §6. Here, the first level of timebase correction takes place inthe - -
CPU's memory under the control of the DMA controller. The detalils of thls -
20 second level of timebase correction shall be described below.

‘FIGURE 3 is a block diagram of the disc simulator interface used in
the preferred embodiment of the present invention. Disc simulator interface 60 is -
shown coupled to the VME system bus 46 of a digital computer. Preferably, the

25 digital oofnpu_ter is a workstation running the Unix operating system {(Unix is a’
| trademark of AT&T). The interface 60 further comprises an inbound path for
_ - recelving digital audio and an outbound path for retrieving digital audio from the
disc storage 52 and output the same to commercially available compact disc
decoders, such as those manufactured by N.V. Philips and Sony. - The inbound
30 path comprises at least four AES/EBU audio input ports 78 and 80 andis -
coupled to an inbound selector unit 82, an AES/EBU conversion unit 84, a

I : -



5 8) stereo/ mono node (copies |eft channel onto right); 9)-
enable interrupt on Data out FIFO enpty (end of data) 10) enable data in
function; 11 ) input selection (1 of 4 input connectors); 12) force _
muti ng of output; and 10 13) attenuate output; and 14) Select
meani ng of 2 status bits. The status register inforns the software about
the current state of: 15 1) error detected in Inconingjdata;

- 2) data in and out FIFO capacity remaining full; alnost full, half

full, al noparaliebdata conpergiongiemerge uniti8e, Enmohadoyntrof endvhmir(gibgm | ost)

:fjlbg(l;éeblr:} ba(q'ﬁtt F?M*%O@BPMH%éﬁq g&%) 8. W'\S’qu'hcom nzg dat a
(32, 33, 1, citfedn Bt cudlsaole FIF0 B8CRPOREERY 0k

FI GURE 5A circuirt diagram of the und soun sanpl e FPnFO 66 of

the di sc' sMdndten outbdund (Q)RWP subtvdleRIFO®B2) dUAdeHtHe TOMIbKDIthEO conpri ses a
plurality of FI FOregisters 92. In the preferred enbodi nent of the present

i nventi®n, OMQ@ONEQ;}l%ﬂéﬁ@“ﬂﬁ@‘%yﬂiﬂsasmﬂéWtQ!ﬂbOM FIFQis providethe sound

DT 01 - AR b ol S Bt 2 "
paral | el 3gubddieIRfohmkticiCantEaidie d&ﬁ(hrbn\étvgéu maha: dakd Afirge Uit 6§ %a channel s

99 under control of clocks generated in timng an contro gic 69 and
sent vi a- sconeriegidntoihe AES/EBU fodsat by 3he AESVEBY! opnverisiont unie70rbblore| exed
digital | 0 data ar onverted, fro rall el ut er dtalnto seri al
- data st reaﬂﬂ?? ?"5’@‘%9%3%?%9“#’8“%??%&1‘@@ " ﬁ"ﬂggg onto, ihe; eyl sanple
FI FO 6503l 8t p6HY 94 aha 78, | ThebinbodricPBBlector 82 s coupled 1o the oubound
- selector 72 over a Input bypass: Iine 85.-The: output |rom the: ombound AESIEBU | )

. conversion unitis coupled to-the inbound selector. 82 ov_er__a test.path line 87.

- The. novel feature of the presen;_inventlon lies with the outbound

15 path of the interface 60 -As such, for lhe remainder of the descnption below, the

- structure and .tun_c_tion,of the out_bounq path__shall_ _ﬁ_rs_t. be-described and then be

followsd by the Inbound path. - In the preferred embodiment of the present

" invention, the system bus 46 is a VME bus; a 32-bit 'par'_a_llelﬁ_-bus._ The interface

60 is coupled 10 the VME bus via at least two, three-row 96-way IEC-603-2 -
20 connectors. All.VME bus signals conform 1o TTL logic levels and the bus lines

are driven by totem-pole, tri-state, and open-collector d_riVers. For further

- information-with respect to the bus format specifir:ation: and the data transfer
protocols of the VME system bus, please refer to | s Spe g anual,
. Bevision C.1, {Micrology pbt, Inc.: October 1985). It is with-the contemplationof
_ 25 _the present invention that other buses or communication links may be adoptedin

a straight forward manner 10 Implement the teachlngs of the present lnventlon
* For example, the CD-t data may be transferred from the disk storage 52 to a CD-1
decoder over a S bus. A_Iternatlve|y. the CD-1 data may be transferred from one
disk storage of a digital computer to the memory of a_net'her digital computer

30  coupled to the same;syst_em bus.
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the control register via input port 97. The outbound sound sanple FIFO al so
5 perforns the last level of tine base correction before the digital audio
data Is converted frompagrallel conputer data Into AES/ EBU digital audio
out put signals. The purpose of the valid bit is to force errors into the
data strgamto make sure that the error correction software of the CD-|
decoder t% functioning 10 properly. In nornmal operation, the CD-|1 data
needs to be validated. Sonetines data read fromthe conpact disc cannot be
recovered due to fingerpri RIGURENM tbus tircultrdiagratvhef the coatrol ahdsstatus registers for

2?”?%2"%2[ o or ¢ g mylaios ierace 0. ith 0y ot L alpheh on the I s Faidn Bra
again ¢ o 71 CURE. ot ity i o b B Beicfe i e i had cbf{ 41e"

ata into the out {haustgtus egisters2 Mheccontrolaritbstatusaegisters cél’ﬁpriévﬂg)lz\ﬁhbﬂti epi ster

valid bit is latched into the FIFO so that each data el enent ( Its)
witten into the lateh@sgt coupled to.mpluralityiobierd back ports or thstate oulputidivers 95he

Uhe valid bit bs THF AEaele SUPRCANR Rerm e s sioyieler roosspy Bz o o
nvali 0 daral st 0e of HELAE! i otk Topisere Ve 1R M spom S The(riid

"“invalid data' urther propagated out.
valid bit goes i nbotpat Gviversialsolaliow the VMBE éystém busito bel sharet by componengs ¢ 69.
It conmes out, properly synchrgnized and 25 goes. into the AES/ EBU conversion

uni t h?O. - bRef er r PoIplag Hiareto, Thecoptrolyagisterg receive jnputs from the, YME sysiem bys-o
In t R ; ' o
ot ovii ng. ¢t 1 e 3k GRUFRRE 1P 0B oh e b [tetEie rb Bieooupled 1o

sof tware how f ul | pbhe98avhicH iEhddatadus] Thetata® eagisteis cuomiprise & puilifyi off * or
|l et the FILFO go enpty." Thus, the 18. three status bits 93 are coupl ed

to- status-regi st eregistarsr8:Uikbe tegisters i tagpive iepute $3|fram varieus-eircgitsof the:disc
simulator Interféce 60 for monitoring their status. The outputs of the status
- registers_B9 are coupled to the data bus 86. The contro! and status rogiste'ts of
15 the disc simulator intérface 60 allow the user to set various speed options. " ln_
other words, CD-1 data may be transferred at 48,000 Hz, 44,100 Hz, 37,800 Hz
or 32,000 Hz -- all of these speeds conforming to the CD-1 standards. The control
and status registéers of the disc simulator interface 60 send control signals to four
different clocks located in the control and timinglogic 69.
20 '

The control and status registers are a pair of 32-bit registers
physically located on the disc simulator interface 60. They are both accessible
over the VME bus 46. The control registers control the board functions. The
status register gives resulting status information. ‘As such, it is not writeable,

25  since it would serve no purpose. The control registers control the following

functions:
_ - 1)  board reset;
2) . data rate 48, 44.1, 37.8 and 32 KHz; - .
30 ' 3) - output select (from Disk Simulator interface or copy from input

" port selection);

\o.
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FIGURE 5B is a circuit diagram of the outbound 0O subcode FIFO5 64.
Preferably, CY7C409 register is used as FIFO 64. The outbound Q subcode
FI FO 64 conprises a FIFO 106 having a ei ght-channel I,nput 104 coupled to
the VME system bus for receiving subcode data therefrom The FIFO 106
further has a eight-channel output coupled to a parallel-to-serial
converter 112 in the data nmerge unit 68 for transferring thereto sub'gade
data retrieved from 10 the disk storage 52 of the conputer system.

Subcode is -an auxi Ild)y d&(@@tﬂfemwtwkml@}mghe I nput ready line and is
mer ged with the aud| ng %39& |n Fl'aure SA and whi ch has nunerous
functions. One-of th ngbleh tsq 1’%6%& Bg the beginning of the

different programs 08g) a cg,m&isgbﬁqfagquprow ding a catalog of their

| ocati ons on the corrpact I'sc as well as their durations. A 15 further

vital functionis to7¢onvenaﬁlé16isabbtloephéckﬂas?errpha5| s.in-the recording SQ
t hat de- errpha5| s can _be automatically selected in the conpact disc decoder

or playets. The subc8le i $PEofmenymadh mw ohvaspel oo Sghllidar di zed and 20
or gani zed In frame spiuct e 5D. Each
conpact di'sc frane" cg ta| %@&genglferﬁ@go 813%?@3 §FF?‘§?re t he
structure repeats |tqe)f gmlgaugm:]hqumﬂmn bI ock -of .subcode frane |s shown

In bl ock 132 in Figure 5D.- Each subcode byte contains one bit from each of
ei ght 96-bit words: fdﬂ)ovbﬂ@hﬂbﬂsﬂr%ﬁrmmmmmomﬂer ns. After the

“subcode 25-—synchron| er e 96 bytes in the bl ock. The
bl ock—}s-arranged: as @%’"ﬁ#q af)?l&m Ied PQRSTW:-and ‘W Under CD- L,
the Q sypcode bits |33) heatiﬂhilhtd SIRPLE aRd byte ‘The P subcode byte is noty
used, as it was defined early on for older generations of conmpact disc

pl ayers- On the ot hef4hanBelectmesping bt status bits. have numer ous nodes and uses
whi ch -can be taken advantage of 30 by conpact disc decoders with greater
processi ng -and di-spl ay capabl iti es. See,  for exanple, the representation of

| three WDdﬁsTﬁ_e,_&é{]us]réal_s_f%? ﬂﬂmthg s&ﬁw’ara about the current state of:

- 15 N ) error detected in incommg dala. o _
— SR 2)- data in and out FIFO. capacity remaining full; almost full, halt
-+ . tull, almost empty, empty; .
3). - datain FIFO has overﬂawed..(data_-i;st) sticky bit;
4)_ :_dal_a_-.-o_ut FIFO has run out of data; | .
20 §) subcode FIFO's (in or out) overruns/underruns. - - o
. 6) . rateof incomiﬁg: data (32, ..4_4;:1}.- 37.8-and 48 KHz); and
7 op 'an‘d DAT copy protected input. '

FIGUHE 5A isa circuit diagram of tha outbound sound sample
25 - FIFO 66 of Ihe disc simulator interface 60. The outbound sound sample FIFO
comprises a plurality of FIFO registers 92. In the preferred embodlment of the
" present invention, CY7C408 registers are used as reglsiers 92. The oulbound
sound sample FIFO 66 receives and holds digital audio data trom the VME
system bus 46 via input ports 86. The-digital audio dat_a:ls.out_puued to.a parallel
30 to serial converter 100 in the data merge unit 68 via channels 99 under control
of clocks generated ln the timing and control loglc 69 and sent via signal 89,

7.



-

Fi gure 5E. Moreover, the Q subcode bit permts automatic decodi ng of

channel disc and synchroni zes the pre-enphasis and de-enphasis of the
conpact disc player. See Fl GURES SD and 5E and Wat ki nson, J.D. The Art of
Digital Audio (Focal Press: 1988) pp. 470-478. 5 F@ferrlng again to Fl GURE
5B, the FLFO 106 In the out bound Q subcode FI FO 64 nmmintains the Q subcode -
bits durlqg the retrieval of CD-1 data fromthe disk storage 52. The
control and timing [ogic unit 69 is further coupled to outbound Q subcode

FI'FO 106 over th@gs\aee. |Subsedshtiy) thedfimei rdifiplexe digital didicdataars ebﬁverted
i nterl eave the correct 0 subcode bit at appropriate portions of the CDI

data streamwi th fmwoﬂol@gpmtnwgtaam serial dplacstrepmoby the pamllebtausetiab ound
| FIFO 66 In he F d d
ERO, Sout bound QeMHercHY -OLbofng 5§ﬁV‘£ﬁaTBBt£HE %ie'téé) ”'v@g\r” Segsi’%ra'@ﬁﬂﬂmmput

ready line for npd  B8'in da'ﬁ}qg’ﬁ fuI | .
The 15 serial out pgfeﬁtdi nqmﬁe paréa"ﬁ ﬂLu'to serl a convert I'S coupl ed

to data ner geSunigeriofimetherlastileve! bl timelliash dolrectionibetors the dighaheudid dath i he
present Invention descrjbes a hardware solution to the task of Interleaving
the Q subcode wi CANY8Ttedfem paraligl eprmputer date: Into AGSEBL digilal audio quiput signals.

i nterleaving problemis handled primarily by software. 20 FIGURE 5C Is a
circuit diagramof the outbound {(0) R-Wsubcode FIFO used In the preferred

enbodi ment of the present Yrwvsurposof the vafid bitisid forbé &rrdrs intotRe Bata stveaii to118
coupled to the VME system bus 46 for receiving R Wsubcode bits fromthe

di sk storage 52 @anMMeemwrMIowmﬂwm@f thesCR degader-is mrmnianlnel

t 160 | ed t | | | t 148
o £ %5 7" BHE enel? 4h Rofine) Pppisiionofne i BteCtaess 1 08 vefustett, Fapumer.
subcodé FI FO 116 gata feeld ¥t B0 é(ﬁﬂ?&éte&iseﬁéﬁrﬁi?befr v@réﬂ%‘ﬁ'fndeﬂﬁinf@nd? W

FIFO 116 in Figure 5Cls identical to the outbound Q FIFO 106 1 n Figure 5B.
As such, the contdust. Tims, thercompdol gisc manutadorersadd logicdo dsteeti atrors(a@diligw 30

subcode FIFO 116 over _t he s nc ine 1 es control nals to
"nterleave the cdheic(THe injtie Bupase Bf(?‘ qﬁ% bﬁ? ‘3@%99&“!\8 iy eveR whent
dat a is known 1o be in error, bt the valid bit Is turned off to signal data errors.
15 | | |
- Referring again to FIGURE 5A, the valid bit 97 is left valid. When
software writes data into the outbound sound sample FIFO 66, a copy of the
control register valid bit is latched into the FIFO so that each data element (32
bits) written into the FIFO gets its own valid bit, which is interleaved with the data
20 through the FIFO appearing at the output 98. To simulate an error, the valid bit is
- turned invalid in the control register. Any data written to the outbound sound
sample FIFOs from the VME bus 46 will also latch the 'invalid data’ siate of this
bit which is further propagated out. The FiFO valid bit goes into a PAL which is
part of the control and timing logic 69. It comes out, properly synchronized and
25 goes into the AES/EBU conver_sioh unit70. - - - -

, Referring again to FIGURE 5A, the outputs 93 from the last FIFO in
the outbound sound sample FIFO 66 compﬂse three status bits for providing
information to the status register tefling the disc simulator software how full the

30 FIFO 921s. It is important not to "overdili* or let the FIFO go "empty.” Thus, the

IB.
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20 streamwi th the correspondi ng audi o sanples fromthe outbound sound
sanple FIFO 66 In Figure 5A. The (QQ R-WFIFO 116 |Is also coupled to the
status register over input ready line for nonitoring, vvhet her the (Q RW
FIFO 116.1s enpty or full. The (Q R-WFIFO 116 has an "optional Q' -out put
120 coupled 5 with a nultiplexer 146 in the data merge unit 68. The -
function of (Q R-WFIFO 116 is to give users the option not to use ‘_f".e
hardware interl eave of Q subcode which is perforned by the outbound :

subcode. Fl kel Biius s @ io Bupiés 1 welus foftcRs W PIGUAE 3 RN ing™ carry

the Qbit in the subcode for appllcatlons that require Q bl to be part of

t he subcoddevelofithe EiYs datee underist oodby-one skilled In the art that

out bound Q subcode FIFO and the (Q R—WFI FO may be |an ement ed using. :

i ndependent channel for each subcode bi't. Thé advantage of ‘this alternative

enbodi nent is.to ach %ﬁ&ﬁf’ ﬁ‘ﬂﬁ . such as
CD-1 data between 15chor'}puﬁgsaor gih@ral n a é§$%§mﬁg%%§gﬁi&ts have
shown t It mememdwcmoswmms uesed-esLEIFO 6t Théidufouday a regul ar

audi o channel havi ngeseven i.ndependent subcode channels is much faster than

that over  csubcodadlEQ §4romprises %E!FQUDQGWNSQQQN-#M"M@DMHIM hernet 20

T the o erasmpisl B bt YA Bl ths 15 rsp @il BupdRih daid ReHekSR, i Firghg °°°
t7m ngl ogi fp8! Ririhef NEB'd Gight:CNaRBEEGUPR! coupletal éﬁﬂaﬂel@%&nﬁ?ﬁ] rventer and 124,

respectively. The control and timng logic 69 |Is coupled to e out bound Q
subcode’ FI FO%in the data matge maimvanserﬁaanm subwpa claley rtyevettieomont rg| .

B0 a2 d, dhetgcdodes Bolorife Sriustaiaet Mﬂ}“&#ﬁ@x&&?mﬁ%bigﬁ 2
PALs 122,12dq a@&%a%ﬁn%‘éﬁvm gl 8 :ﬁaaéamtﬁéa gﬁﬁ:{m ng,@ gver si-on-

unit 70 in Figure 8. As nentioned above, "the contr ogi c unit
69 Is - in Figure:5A and which has numerous functlon_s . One of thes_e is to assist in

: _Ibcating- the_" bagjnnin_g of the‘"‘différé_nt progrﬁamé -_on._._a' compact.'disc and providing
a catalog of their lo“ca'tion's:dnf't'h'e_:bompacli disc as wgll'a_s'iheir'_dufatiens. A |
15  further vital function is to mnV'ey the status of "pre-emphasis in the recording so
that de-emphasis ‘can be automa!ically selected in.the compact disc decoder or
‘players: S
The subcode Information on compact discs s standardized and
20 - ‘organized In frame structures as shown In frame 128 in Figure 5D. Each -
* compact disc:frame contains one subcode byle 130." After 98 frames, the
E Stmctut'e""tebeat"s itsblf""-"An'éxampie of a block of subcode frame is shown in
'block 132 in Figure SD Each subcode byte contains one bit from each of eight
96- bit words followed by two synchronization. pattems Aﬂer the subcode
25 synchronization patterns there are 96 bytes in the block. - The block is arranged
as eight 96-bit words labeled PQRSTUV and W. Under CD-, the Q subcode bits
_ s the most important byte. The P subcode byte Is not used, as t was defined
 early -6n‘ for older generations of compact disc .playéis-. On the othér hand, the Q
 subcode bits have numerouis modes and uses which can be taken advantage of
'.30- - by compact disc d__e‘édde‘rs with greater pmoe'sslﬁg.j and-.fdlspla_y'iéapabmﬁes. _
See, for example, lhé representation of three modes - 141, 142 and 143 lﬁ

Q. L



-

coupl ed to the outbound Q subcode FIFO 106 and (Q R WFIFO 116 over 30
sync lines 136 and 138, respectively. The PAL 122 of the control and timng
logic unit 69 has the sync lines 136 and 138 as Inputs and further having
as 21 output the sync lines 156 and 158, respectively. As shall be
described.in Figure 7 below, these sync |lines are used to synchronize the
out boundispund sanples with the subcode data bytes and provi des the proper
m xi ng of the respective sound and subcode signals within the data nerge

unit 68. 5 Fl GURFigures5E. Moreover, theaQsebeodle biihperdiitscautemgtic dacddigBotised in
the preferred enbodi nent of the present invention. The data merge unit 68
conprises the corfhappeldiscand sysicheanizgs the, presemphesis apd dergmphasis eltheer t er

ééﬁ’vei[‘Ed‘szi‘é?Léféoafvéﬁﬂ'?g%ﬁis”%%éﬁﬁﬁ%gg#% Lﬁ%ﬁ?ﬂﬁ%ﬁ%iﬁmﬂw
and 148 does t he i 1 y ul ti pl exer 146 has two
(r%?mjm( FR edﬁaaqgg 4702781l ti p

sets of inputs: sync |lines 156 and fromthe timng and control
logic 69 (sinPified graphically as direct links with FIFO 106 and FI FO

116, ively), d b | i d h
112 and FiFo 116 15+ cp@uia e o EEURE 5, 1he £1FQ 1Bt the gwbRusd d.c
out put's 147 and oodd FIFRY 88 nidiREAS 19 CPitboddd bis AP TolraFér OB difa

the signals In (1), and the selected Q output 149 represents a choice o
one of the two Qfrombtheddisk stordgs)52. | Thd cortohand timing logicrumiti@90ls durthier obapled

sel ects either the Q subcode (8 bits',%nfromthe converter 112 or the RW
subcode (7 bits) 'oythqund @ISP&’TPGF.' 126 oyerdhe gyngiline 138 and proviges control
auto i cal r Qyl rd i '

ShetNEr ¢ e M i ol B0 Har ool & sTRBARALIE B biyrbbllg Pofifis bt i cBl,

approach is choseajuata sficariwithithé coréspbhding aubivrsangiies fiomithel outbouhe seand! | el
to serial converter 148. The converter 148 is coupled to the AES/ EBU unit

over the |ine 166ampie FIQ\B§in&Higureshy kike the, EIRQ intheoeidbeynd-saundsample R-
FIFO, outbound Q FIFO 106 is also coupled to the status register over input
ready line for monitoring whether the outbound Q FIFO 106 is empty of full. The

15 serial output from the paraliel-to-serial eo:_\\ierter 112is coupled to data merge
unit 68 over line i14. it follows from the above, that the present invention |
describes a hardware solution to the task of lhterleavlng the Q subcode with the
digital audio stream. In the prior an, the interleaving problem is handled primarily
by software.

20

FIGURE 5C is a circult diagram of the outbound (Q) R-W subcode
FIFO used in the preferred embodiment of the present invention. The FIFO 116
has a 7-channel input 118 coupled to the VME system bus 46 for receiving R-W
subcode bits from the disk storage 52 of the computer system. The FIFO 116

— 25 _has a 7-channel output 160 coupled to a paraliel to serial converter 148 in the _

data merge unit 68. In the preferred embodiment of the present invention, the (Q)
" R-W subcode FIFO 116 is a CY7C409 register. Except for Q channel, the (Q)
R-W FIFO 116 in Flgure 50 is identical to the outbound Q FIFO 106 in Figure
§B. As such, the control and timing logic unit 69 is also coupled to (Q).R-W
30 subcode FIFO 116 over the sync line 136 and provides contro! signals to -
interleave the correct R-W subcode bit at appropriate portions of the CD-| data

- 20



25 Wsubcode byte and provides at this point two serial data streans, the *
‘'subcode- stream and the data streans that are sent onward to the AES/ EBU
conversion unit 70. At the nultiplexer 146, Q subcode and R-W subcodes are
still comng In as parallel data, but they are serialized at converter 148
before they are transferred to the AES/ EBU conversion unit 70. 30 FI GURE
8 is acircuit diagramof the AES/ EBU conversion unit 70 used in t he .
preferred enbodi nent of the present invention. The AES/ EBU conversion unit
conpri ses streknbmiiBithe conespondingaidip ﬂaiﬁpleﬂrofreﬂwelombomusoundl!mbbr chip 168
I's a SAA7220. chi p rl’rz?nuf actured 8}/ NV, Phi conversion chip 168

haz five i FiFQ 661m S The dQ) RW. E'fg 11&&?'39@2"5"9%‘%&"%6@!% dlhgl t al
Seri al SLLE@@asft&z%“@z@%@?&%@fﬁmﬁé@ﬁ@?ﬁg@ﬁ%w% OIS oi'on chip

168 takes &mptyedr fall. crabqoytmnsemoaiwubsodeopﬁmmmwmazohsoopled :
aut omati cal lé to the AES/ EBU serial format. ut 142 is the control |ine

from t i@ 1wtk amuitiplexer/14§ inithe dataynergeunit 68 M‘P“Q"!)Bf Q) %U‘Luﬁlﬁgl to a

oL oo T By U R0 1o e AR o R 3,57

coupl ed t owhigh i6 ?aaoﬁnéal_b,rm oMbOGRF Qsubedde FIFO A08\R FIGORECSBP Ass f ur t her
coupled to four TTL oscillators 174, 176, 178, .and 180,. respectively, over

a mul ti pleswush, 1ig2R-Wheabtade FIFO 336i maxacamstm hihjhtth@submdedorr angement
permt the coptro | St beeLl 4 to select one of the four
dat a transﬁ?@g’ﬁg‘?ﬂ% Qg ﬁﬁrqgéﬁ—?‘{h% %&Fﬂ' via:lines 216. The . ..
AES/ EBgpout put is. channel ed to the out bound sel ect unit 72 over the lingy

202. 2 o FICORE . 9°is-a circuit diagramof the out bound sel ect
unit 72 used in the lpsluiuktbedndorbmodlwrunecskilteﬂdnp‘lsaadlhatloulboundm The

o ar. T easevberserAIFD aickienB) £ B mey e irpuioantad Hping Fepeaderto! cxor o
220 and 22z'hannel for.each subcode bit. The advantage of this alternative embodiment is to
---achieve higher spead in transfefﬂng digital data, such.as CD-| data between '
15 computers or nodes in a computer network. _Tests have sho_yvn Elat the speed of
trgosf_errio'g non-audio data files.over a regular audio channel having seven -
independent subcode channels Is much faster than that over existing serial ports
© and 30-50% faster than overanethemet. . - . .

v

20 FIGURE 6 is a circult diagram of the control and timing logic unit
- 68.used in the preferred embodiment of the. present invention. The control and
~ - timing loglc unit compﬁsestﬁtograinmable'-l\rray Logic (PAL) 122,123, and
124, respectivoly- The 'oonlrol ond timing loglc'ss is coupled to the outbound Q
_ subcode FIFO- 64 over lines 132, 134, 138 and 140, respactively “The control
.25 and timing logic: unlt is also coupled to the outbound (Q) R-W subcode FIFO 62
over lines 128, 130, and 136, respectively. The clock inputs 126 of PALs
' 122,123 and 124 are coupled fo signal 210 from the AES/EBU: conversion unii
~ 70in Figure 8. As mentioned above, the control and timing logic unit 69 Is
- coupled to the outbound Q subcode FIFO 106 and (Q) R-W FIFO 116 over
30 . sync lines 136 and?'338; respectively. The PAL 122 of the control and timing -
logic unit 89 has the sync lines 136 and 138 as Inputs and further having as

- 2\
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stmul t aneously select either a copy of one input signal frominbound sel ect
82 or 25 from outbound AES/ EBU conversion unit 70 and generate four

i dentical copies of the selection 242, 246, 250, 252. Signal 238 fromthe
control register 91 nakes the selection. Register 240 and the second MJX
222 are only required to provide additional drive current and do not affect
the | ogical operation of the circuit. 228 Is a pulldown to enable the MJX
output, but it does not affect the 30 logic of the circuit. The input to

t he .out bound S-ebﬁﬁ{lﬁm E%r?@liﬁs%ﬂ)éﬁdildﬁ?reggéctﬁefy.esﬁs eﬁézlgbﬁaeeézﬁuemnAES/ EBU

digital output to e 1 nbound sel ect unit over line 42. The

function of the Figeie Paelow,dhese synclinastdre usedto syncheanize the outbound sqund

the various units of the present Invention. (One uld. store t es attern

'}s/i a the inbound sﬂ&ﬂ'ﬁ%?"hﬁ'@ﬁﬂ%@%aam% ?'?ﬂ%’&ﬁ'ﬁgﬁ jopet mixing.Q of the
ane pattern as L}l. i wr - t-

I nvention. If tﬁg%%d’qﬁgé 3&!’%18%{&3@%ﬁ%ﬁ#%@ﬁ%ﬁgg{a@aﬁ[ﬁﬂfﬁel I hood of

hardware faigure of the disc sinulator Interface I's great. FIGURE 10A is a
circuit diagramof the interface suitable for connecting to a N.V. Philips
or equival ent CD-1 decodeFIGURE 7ds® cieduitalingramei the datagnergetunii & useskin the

init 72 over |1 MEviBed apmedreri @B presentiyaiton; ThE Selapabu el on o
interface suita ' | : i Wo &htive . The
digital audio 08.'1[0%‘ &Pﬁq@@ﬁé%g@o ofgmfbgﬁgvgbggt?a' an RCA jﬂgf:k 248

and recei ves AEY¥3Bithe converier 1dBLand thenmutiplezer 148:nWhilelthe iconverterMWmver 15
line 246. Finally, FIGURE 11 shows a pair of fi bergg tical out -gszports.

The "+ ber - o0 c gonvatie prealie! dighpl qudia samplesdato serighdata, ponvsrie and 148 _
e Pt el AR i or Dk o TRGlY 108880 0 i
the lines 250 and) 3frc linds $56ahd!158 frontlthiestiming abdl controllsic! 68 (simphited ar t
that straight-forward 20 nodifications to the circuits in FI GURES 10A
'10B, and 11 woul graphiehllyas direct links with FIFO 106 and FIFO 1186, respectively), and (2
' Q subcode lines 114 and 120 from the converter 112 and FIFO 116,
_ 15 respectively. The multiplaxef 146 further has two outputs 147 and 149. The
sync 'choi;:e output 147 is a selection of one of the signals in (1), and the
selected Q output 149 represents a choice of one of the two Q subcodes in (2).
##-follows that the multiplexer 146 selects either the Q subcode (8 blfs) from the
- ' converter 112 or the R-W subcode (7 bits) from the FIFO 116. Thus, the
20 multiplexer 146 automatically provides the appropriate timebase corrections
regardiess of whett;er the hardware interleave of the Q subcode is desired or the
optional approach Is chosen. The muttiplexer 146 is further coupled to the
parallel to serial converter 148. The converter 148 is coupled to the' AES/EBU
-~ unit over the line 166. The converter 148 mixes the Q subcode byte with the R-
25 W subcode byte and provides ét-thls’ point two seda} data streams, the subcode-
stream and the data streams that are sent onward to the AES/EBU conversion unit
* 70. Al the multiplexer 146, Q subcode and R-W subcodes are still coming In as
parallel data, but they are serialized at converter 148 before they are transferred
1o the AES/EBU conversion unit 70. |

30
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user to couple the present Invention to any conpact disc decoder. The
precedi ng paragraphs describe in detail the structure and functions of the
out bound path of the disc simulator Interface 60. To be 25 described in
further detail below, is an anal ogous inbound path for the disc sinulator

| nterface 60. Because the outbound and i nbound paths of the disc si myl at or
interface are Inplenmented wth separate circuits, the storing and ragfaylng
of digital conpact disc data can be achieved S|nultaneously It shoul d be
under st ood by one ski FIGURE®S istr:cirgguit diagnam hBhAMSBBMWrSImpumt forts

32? ;: ?egodeg&aﬂn}'{ﬂ%' °9lﬁt8'&e'l¥(’j%@l‘°€l&ﬁ#€'al%ég E'rl Pl@ﬁ’égﬂ] Fl ?fJRE

10A, 10B an a ce.
'FI GURE 12 é"mgfs?{c"u%wgbagr iy a i E?Eegpn%h '§*°Z’2‘l’§“c?“ gnfﬁ}gggﬁf @@ in the
preferred erdomertenthipf168iis apSAAZ220. clilpmnul!rclurid@ylmﬂllbsiell’het unit 82

conprises a plurality of multiplexeis 2 and 262, respectivel The
nul ti pl eRer £OMYErsion; chipy168 é‘%(ﬁ‘!ﬂl'@ﬂ‘t&ﬂ%épp Hﬁ)lﬁosa Pﬂd ?H mmiaudl 0

8 .
0Pt vBo! b dé it oAbk B 4 cREARR oBund B 0 8 Sing 0 |

268. The 10 1eusttwbemrsabe&ﬁdaweuam faa?:ﬁrmrdati urerdwunit:eeplmd to the

control registers:over [ines 270, 272 and 275, respectively. The

mul ti pl exer merslomolulpm takes lnesampdal@ ard seril suboodps andcongerts them

[tipl f t h t 84
P o didomalicat e scABSRARE Sche Sorkh? (o5 TR KEME Ko o 1 e&Vef.
unit 72,4 h |aa&wm¢ﬂagﬁ-numnw IR 208 i3 outted iovfll}lsrle?eoouﬁlﬁr 176. Thew

i nput "bypass 85 pernits user- to trsten sinmultaneo {0 the AES/ EBU
audi o i nput snhiehtﬂr@d(hssmnmgrslﬂrulmlorlbotleﬂiemvemlolﬁp1sadnddhg|tlmid|g audi o

FILGURE 136 1 e AR g ok B8 it 105 it 2 Peppies 19 18 RHc, Smdhung. pat h
of the Presqifbobdit? 4. ohe %&i’&ﬁéﬁlﬁ'ﬁs flihBr SUDIGS & B0r ¥ bsBilaforyPr | ses an
174 1786, 178 end 180 respectively. over.a multlplexer 182 The 'l'l'L -
1_5' oscillators and multiplexer arrangement permit lhe control reglster descnbed in
| ) FIGUFIE 410 seleol one of the four data transmissron speeds under the CD-I
o standard vle llnes 216 The AESIEBU output is channeled to the outbound
... select unit 72 over lhe llne 202

20 - FIGUHE 9 ls a circuit diagram of the oulbound select unlt 72 used | U
in the prelerred embodiment of the present lnventlon The outbound select unit
T 72 oor_r_rpri_s__e_s_-a_ plura__lr_ty._ of inverters 232, 234 coupled to e_t;least.t.wo.
multiplexers 220 and 222, respeciively. The mulliplexsrs 220 and 222
o simultaneously select elther a: oopy of one inpul signal from inbound select 82 or
- 25 from oulbound AESIEBU oorwerslon unlt 70 and generate four identical coples
. of the selecllon 242, 2486, 250, 252 Signal 238 from- the oontrol register 91
" makes lhe selection. Reglster 240 and the seoond MUX 222 ere only requlred
to provlde addltlonal dﬁve eurrent and do not affect the logical operation of the - |
circuit. 228 ls a pulldown fo enable the MUX output, but it does. not affect the
30 logic of the circult. The input to the outbound select unit 72 also provides for a
test path 87 of the.AESIEB'U' digital oul_put'lo the inbound seléct unit 82 over line

23
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AES/ EBU decoder chip 278 coupled to a serial-to-parallel data conveter 280
and further coupled to an input counter 282. The decoder chip 278 is
preferably a YMB623D manuf actured by Yamaha. The decoder chip 278 receives
25 AES/EBU serial audio signals in the fully m xed version. The decoder
chip 278 un-nixes the AES/ EBU audio inputs to generate two separate seri al

o~

streans Q?n;e subcode stream and another data stream The decoder chip 278
s furtheF coupled to a crystal 290 in parallel with a resistor 292 and

grounded over tWR42R0HE funttior’oFthe testpathiié fo enubilgtheQiser to 18LIhG iMégrity of (he
decoder chip 278 Is 30 coupled to a serial-to-parallel data converter 280

ovgr Sn inputI asiops units tm.prmtmgguiomcmmwpulﬂrstmlesrlpam'uhtme

I i m i 83. S. |

o eraranr o Dy BB ba o1 s prdgent Wenfdh pnd chRsls g edulial Bladame patam.
the serial digi t%ﬂﬂh&é&ﬂ&&n&%ﬁﬁ@ﬁm ﬁtnmmwmmm:mﬁi Rihdfis'd't 0

paral l el streans are suitable for data transfer on the VME system bus
46. The seri al§ t cdigerepancy batweer thetwo? e Nelibaod ofchardwarefailunedf tled diseé| FO 90
5 and I nbound subcode FI FO 88 over |ines 304. The parallel data streans
fromlines 304 ardmplater{pterfaces graak i pl exed to generate 32 bit data. The
crystal oscillator 290, coupled to the decoder chip 278, permts the

paral l el data conversion units to transfer AES/ EBU audi o signals at any one

ef four CD-1 speeds, or ot FGUREIDA IS Brcultdiagram 6f thelinferidoe suitableofor t he
I nbound data FIFO 90 used in the preferred-enbodi nent of the present

| nvent i on.h The ]Ic rmmgqtlnnatma N-V-CPUgnﬂ:ﬁPfl equivalen IGR-hdeeaden The digitateydie eviput
306." | ' | ' FLE -
Crrrh rogi Nbr PO fanpREEe.d FEA s bRE i 165es ARSEEL Rorel bR skt the .,
converter data 28Gthound'Seledt GAH P2 oVar e/ FIGURE YOB isGPsimliBEciduitQiggam ™

are further coupled to the VME bus 46 over |ines 302. The FIFO registers
306 and i nbound dar anintedace suitabies for gonnecting tap Snoy-oriequivalant Chal dacoder.

The digital audio output in FIGURE 10B comprises, among others, an RCA jack
- 248 and receives AES/EBU serial output from the outbound select unit 72 over
15 line 246. Fihally; FIGURE 11 shows a pair of iiberfoptica_l output ports. The
fiber-optical interface comprises at least a pair of TOTX172 fiber-optical —
transmitters 254 and 256, respectively. The two transmitters receive the
AES/EBU seri—al outputs from the outbound select unit 72 over the lines 250 and
~ 252. It should be understood by one skilled in the art that straight-forward
20 modifications to the circuits in FIGURES 10A, 10B, and 11 would enable a

user to couple the present invention 1o any compact disc decoder.

- The preceding paragraphs describe in detail the structure and
- functions of the outbound path of the disc simulator interface 60. To be
25 described in further detail below, is an a‘nalobous inbound path for the disc -
simulator interface 60. Because the outbound and inbound paths of the.disc
" simulator interface are implemented with separate circuits, the storing and
replaying of digital compact disc data can be achieved simultaneously. It should
" be understood by one skilled in the art that the AES/EBU audio input ports should
30 . be similar to the digital audio output ports. As such, the detalled description

20,
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data conversion unit 86 for up to 1 mllisecond. 310 conmes fromthe |Input -
timng - and control logic and clocks the data fromthe serial to

paral l el converter Into the 20 data FIFO at the correct tine. 314 are
status signals to the status register that allow software to see how full
the data register is. Al four chips Is the shift out clock. Wen data is

- read over the VME bus, that. signal clocks the data out of the FlFQO 25
FIGURE 15 is a circuit diagramof the inbound subcode FIFO In the preferred
enbodi nent veduld lnot duplicate tHedestriptions b FIGURE.IBM0ASWOB & 1 foPthe conpri ses
a FIFO 318. Preferably, FIFO 318 is a CY/C408 register. The FIFO 318 has a
plurality dnbounspathebihe disc simulater iplertace.s of “a shift register 316 in

paral | el conversion/denerge unit 86. The shift register 316 receives serial
data 30 fromthe AES/ EBU decoder chip 278 over |ines 324 and 326. The

- shift register 316 rEGURESIZ BSa Sraiitidigfiamssiithé inboundHeldct Bnlt 82cused? and
the dock signal from =~ the decoding chip 278 over the line 326. The

i nbound Scorintie peeferrad embediment of theipresest inveptions cEhainboundgdectrunit-BaPAL 322,

B

two PALS prguhi | afd'9e3 Gfe i : &k @)
regi ster 31@“?@?3%%?53 to.t hieaf\?l\/‘lé&%lﬂe? _%gng\ﬁ;leﬂrm fsis‘r?te‘ggéﬁ%%?hgea‘%a;?gﬂugl

subcode datportst7&and 80 averlings:26% dFutthermon, the nistiplaxer 288 rexeivesthe t he VMVE
system bus 46 over the Lineg 32 The | nhoun 1bco FILFO 88 al so features
a sybcode'-o‘%ﬁ’. Bgf‘ﬂlpﬁﬁlﬁdmﬁ‘%@ﬁ@wdeﬁ@?@&“ over ing: -ﬂe‘d-{ﬁ) t he control
[ 01 St ofg OVLbidRets 2B, 280 and 21 bie infie coupled o/ b cohftol AR dveP Subagde
signal to notiTy the control regrster there has been an overrun of the
paral | el suines@70]272 andr2¥Srespeciivily. 1 Themaltiplexer258 ¢6 egupied 15 tHehe -

i nterrupt handli nﬂ@((:i rcuit used in the preferred enbodi ment of the present

i nvent i-on. inpdisiofthe myltiplexanaé.,Fhe qultiplexer 260 is;kusher eaupled tthe col | ector
334 - |14 . Igh.i ' ' - PAL
g 554 cofth ol 8 B o i AR 0 °
. . coupled to the.ouibouns!;seled ..unit5-72_.{-1hptehy-'-_ﬁ@viding--='-an--'input bypass 85 '

15 over theline 276. _Th___e; input bypass 55-;pérmits-’thé-bse‘r 1o .Iist'er_i.; simultaneously -
to the AES/EBU audio inpms as the disc simulator interface recelves such digital
‘audioinputs. ~ . - . ' '

- FIGURE 13A is-a-circult diagram of the AES/EBU-conversion and
20 FIGURE 13B s the-parallel-_-dgté'cthe’réionl.deni_e‘_rﬁgé unit of the inbound path of . Q
the present invention.  The paralie! data conversion unit 86 comprises-an
AES/EBU decoder chip 278 coupled toa séﬂaléto-patallel data converter 280
" and further coupled to an inﬁm.-cqunter 282. The:decoder chip 278 is preferably
a YM3623D manufactured by Yamaha. The decoder chip 278 receives
25 AES/EBU serial audio signals in the fully mixed;-msion_.- “The decoder chip278
un-mixes the AES/EBU "audld.};lnpuls to.generate two éepa_rale-:s‘erlal streams -
" -one subcode stream, and another data stream.: ‘I'he dédoder chip 278 is fdnhef
- coupled o a crystal 200 In parallel with & resistor 282-and grounded over two
~ capacitors 204 -"'a's”-}a'él_njpl:e-_c:'yst'al_ clock oscillator. . The decoder chip 278 is
30 coupled to 'a;sq_r_i,_;i_l_—,@ip_-:p'a_:r_hllblidal_a=eonvénei 28_056\#_9'»':- fah-.lhp'm controfier 282.
The input controller 282 is part of the inbound control and timing unit 83. The

2<s.



separate function of the disc sinulator interface. It is intended to |et
either the disc sinulator processor or the host processor (the UN X CPU)
send an interrupt to the other. Lines 348 and 349 cone fromthe control
register and allow the 20 software of either processor to set an interrupt
vect or 3§§ and interrupt level 349 as defined I.n the VME specification 351 -
al so co :fromthe control register and enables the interrupt to occur.

336 selecfs an Interrupt single line fromthe 3 bit code 349 and 334 drives

the interrupt ontiapdtfoonivbferis prafévably a PALl 22v419. Sthe se‘iﬁl-m%?afdﬂel obriverter chip
specification, the interrupt Is acknow edged on the bus h

acknow edgnent i &feasnveds the:serial digital audin inpyt atreqmglramsthsmood@nmhm Rgs

ntorrupt veot or i (el p@iyEiuhith B bfan(fot Haf afiforai i Ve siBerols <

control of  si gnalgg33Thé gefalité\paralil cortverter 280 is couplslitd MbbliAd Raks FIRO 90
I nvention has been particularly described with reference to FIGJURE 1 to

FI GURE 16 and 8ui tandeinmm subgode F!ﬁ@ 88 aver linss:304. 2The paraljel data tstreamsdmm
it shoul d be undesst t th [ e for ratio, nl

shoul d not be taﬁ{!\'ﬁ g@ﬂ Mﬁﬁ?ﬂ'ﬁ\ﬂ@ﬂ?%ﬁwﬁt a&“v\ﬁ' Hy‘ﬁ
cont enpl ati on of ﬂwm NddcddbEEhis 278N Sarttiie! th

interface to a sing e LSI E?‘{) such‘h?hat conpu?ers ﬁ%y i?ettra(g‘ltte \%th I t
to share and trarconwersion uhitgito transfet AES/EBIE audivisignials, attany qneeoidour CDvent i on
may- be incor porat ed as co- rocessor for interfacing digital conputer with
conput er di sc andPeeds, f In addition, it is clear that the nethod

and ar at usld)f the present | nvent ion has utility in any application where
the récor di ng and repl ayi ng of conpact disc data is required. It is

contenpl ated that many chapmsyRER FRdéifdunadiagtam oTale ibolfid dats FIFD 90" seel
ordinary skill In the art without departing fromthe scope of the invention
as discl osed aboVa the preferred-embodiment of the present invention. The inbound data FIFO
comprises a plurality of FIFO registers 306. In the preferred embodiment of the
- ' - present invention, FIFO 90 are CY7C408 registers. The registers-are coupled to
15 the serial-to-parallel converter data 280 in the paraliel data eunversldn unit 86.
The FIFO 306 are lunl';er coupled to the VME bus 46 over lines 312. The FIFO
registers 306 and inbound data FIFO 90 holds the parallel data from the paraliel
data conversion unit 86 for up to 1 millisecond. 310 comes from the input timing
- and control logic and clocks the data from the serial to parallel converter into the
20 data FIFO at the correct time. 314 are status signals to the status register that
allow software 1o see how full the data register is. All four chips is the shift out
" clock.. When data is read over the VME bus, that signal clocks the data out of the
FIFO. ' '

25 ~ FIGURE 15 Is a circuit diagram of the inbound subcode FIFO In

the preferred embodiment of the present invention. The lnbound- subcode FIFO

" 88 comprises a FIFO 318. Preferably, FIFO 318 is a CY7C408 register. The
FIFO 318 has a plurality of inputs coupled to the outputs of a shift register 316 in
) parallef conversion/demerge unit 86. The shiit register 316 receives serlal data
30 from the AES/EBU decoder chip 278 over lines 324 and 326. The shift register
316 receives the Q subcode serlally over the fine 324 and the clock signal from

2.
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CLAI M5 1. A conputer interface for si mul ati ng and
transferring conpact disc-interactive data and for storing audio
signals in a nmenory of a conputer systemsuch that sajd signals are
retrieved and reproduced in real tinme, said conputer system including a
central processing unit (CPU) being coupled to an auxiliary processor
and said nenory over a system bus, said conputer interface connh15|ng
an input termnal for receiving said audio signals, said audio -

signals belthg deloodine:ohiltm bver the ﬁneceseﬂrheﬂﬂﬂomdtbmtmfandqmﬁ? Wodic/ €.
frames, each said franes havin - | east one sync word east. one

subcode syntiit Gheomprises & PAL3 andia PALA22 Thel ALA2% Iscooupled; to dhe

Sombal 1 omdebgEEL 78 13€ B conEE RNl 84 oVERBigdie o8 e *Couo
to said fi rsrtwenzrsﬁmarewmedwmr.eszovrrhe tﬁé'l‘i\l%%@ﬁ@tﬁdm%ﬁi‘ﬁ\esa' d

audi o sanples therefrom said dener nit further converting t rmat of
sai d sub&oddnbgunsosubeade FIFQ. Thei EiFgalegisw 318ls coupleditaithe VMEbug 46 or

oupl od 1 o° SR Tabf R Pud BRI, S185eS Bath Aueais & Fareteried Shes Wihihe o
Toans. {ur ¢ hath Sfrefils S08he ?l?ﬁﬁ‘gﬁn%?'i‘i“'gﬁﬁ'é“n‘ﬁ“‘ﬁ*?%?? e hbdt 1o oa 1o
sai d dener gesubgcode FIFO Bacaiso/feagtresracsl.tbcowdeem;mﬂhbnostlcrwtem e BAL
320 is coupled to the control register over the line 330 The line 330 transters )
10 an overrun subcode signal to notify the control register there has been an V .

_overrun of the. parallel subcode data stream

_FIGURE. 16 is aj"circui_t---'d_iégr'_a_'mi_':r)f- ;the’-_-interrupt handling circult
- used in the preferred embodiment of-’the'--pre'sen,t- inVen_'tio_n.' -The .l.n'tem.r'pt handling .
15 circuit compnses;fah open-collector gate'_.ii_3:4_ _coopled-to;:the- multiplexer 336
" which Is further coupled o a PAL 338, Interrupt circult can be described s a
separate function of the disc slmulator interface lt |s intended to |et elther the
- S disc simulator. processor or the host processor (the UNIX CPU) send an interrupt .
. to the other. Lines 348 and 349 come trom the control register- and allow the
20 software of either: processon__to set-an Inte.,rrupt_,yect___or 348 and interrupt level 349 S
as defined in the vme._sp_edn_ganon.-,-'35_';1}; also comes from the control register
and enables the Inte‘rr_upt to occur -33_6' _s;se__l_ects_-_en lnt_errupt__ single line from the 3
blt code 349 and 334 drives the Interrupt onto the VME bus interrupt fines 344
As per the VME specit'ication. the interrupt Is acknowledged on the bus. This
25 acknowledgment is decoded via: PAL 338! looklng at stgnals 350, returning
interrupt acknowledge 344 and drlvlng the value ot 348 onto the bus as the . o
" Interrupt vector on slgnats 346, “The chip 342 does the driving under control of
signal 339 from PAL 338.

30 - Whilethe present-lnve'ntton-h'as- been p’artlcularly described with -
reference to .FIGI._I'HE"- 1 to FIGURE 16 and with emphasis on digital audio and

zZT.
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seicond buffering neans coupled to said system bus, said second buffering
nmeans further -"holding said subcode synbol; a first timng and control
unit having a first input, a second input, a third input and a fourth input
to said first buffering nmeans, said second buffering * cC L MS *
neans, said denerge unit and’ sald conversion unit, respectively, for
synchro zlng the transfer of said subcode synbol and said audi o sanpl es
from sai d conversion unit to said nenory over said systen1bus third

buffering neans 0 rg{gga Qt:ﬂg'l

sanpl es, from sa&% rréﬁrrét!"r“ts its%gllbgkﬁﬁsﬁ y‘?de{rl hﬁeeﬁ r5¥ ?Ilugh |§%‘ysal d
audi o sanpl es; gnd shouiid newé teien tag fifrhation umnmrihwnuoaaludswthﬁithe
parallel-to- seri al converter being coupled to said third buffering neans

for serializi ngccyuemmuqn ot ympneégnt immipn to rrduseithe digitaleorepsiten intertase daii d

o/t from sai d A IS8 Bt Pt el o R W B o Reee ol e ™

subset of S?T dé pﬁa%&aswnbmauv S%%}Qsé}awelnﬁbnmyss‘d idbrpoPaned dscdo- Sai d

second par al o-serial converfer being coupled to said fourth buffering
.neans for receiproogssoaifar intertaeingadigitad cdmputec with coymputér. dise andh OD4f decodes.
‘means coupl ed to sai d system bus for retrieving said subcode synbol and a

second sync bi tInfadglitions jtds gleapthat thesmathod ang falus ﬂﬂhﬁé’&?ﬁem ehiion has

utlllty in any application where the recording and replaying of compact disc data
is required. It is contemplated that many changes and modifications may be
10 made by one of ordinary skill in the art without departing from the scope

of the invention as disclosed above.



hol di ng sai d subcode symbol; a third parallel-to-serial converter, said
third parallel-to-serial converter being coupled to said fifth buffering
means for serializing said subcode synbol and said second sync bit; a
mul tiplexer, said nultiplexer coupled to said third parallel-to-serial -
converter, said fourth buffering neans being further coupled to said
‘multiplexer for transmtting. said 2aqst sync bit thereto, said

~

mul ti pl exer selecting either said first sync bit or said second sync'ﬂft as_

' ' led to
a chosen sync word for each said fr said nul tipl exer being coup
sai d second parallel-to-serial con¢§§§§i—for conbi ni ng sai d chosen sync
word with said subset: of ‘sai d subcode synbol ~a.second conversion unit

| t. rece|V|ng sai d
coupl ed tyo said firstg, npﬂéé§||ehntgr§gr'a %Pgﬁ%ﬁﬁ'liiﬁ RMfed to

audio sanples therefr aid Secon conv
sai d sec%’tﬁﬁ%‘l’#@gt ocompagt coRisetrintevactivei vidatsai dndubsﬁ:brof sai d

subcode sumn@nauaabdmsmc ClidhdLgr 8 A oSblle B og;gstag,gnvers' on

ubcode
aynbol " Ty Bhah AL BLaBaLA, GF (FAFELSHPRaANG | Seprednsedc iy sai d
signal s meaf]ealtmer;e saisbcmliuﬁamg @:}:]teg?ntlrnallmﬁ 2%' a'&r:ftrﬁ hil nput to
Isglogtthl P?o)bg%ém g neang\/@(b ;boet#r[% triar‘?é‘ - anxi kiany,
buf feri ng’rmo%almdmlQap@exnemornndoverald sysd:eml bm”V@éﬁid)” '
unit, computer 1nterface comprising° - : T

an 1nput term1na1 for rece1v1ng saidd audio - \)
signals, said audlo s1gnals belng represented by a:
predetermined number of consecutlve frames, each -said
frames having -at 1least one sync word, at least one
subcode symbol and a plurality of associated audio
samples; first conversion_ unit coupled to said input
terminal for separating said subcode symbol from said
audio samples of sa1d 51gnals, - -

a demerge unit coupled to said first conversion
unit for receiving said subcode . symbol and said audio
samples therefrom, said demerge unit _Eurther convertlng_
the format of said subcode symbol and said audio samples
into a format suitable for storlng the same 1n said |

memory over said system bus; - : ~ka/

first buffering means coupled to said demerge
unit for receiving said audio samples therefrom, said
first buffering means coﬁpled to said system bus, said
first buffering means further holding said audio samples;
' second bufferlng means coupled to said demerge B _
Tunit for receiving said subcode symbol therefrom, said =
second buffering means coupled to saiad system bus, said |
second bufferlng means further holdlng said - subcode
symbol; : _ |

a first tlming and control unit having a first
input, a second input, a third input and a fourth 1nput'
to said first buffering means, said .second buffering

_—
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respecti-vely, for synchronizing_retriévaL,and conbi nati on of said chosen
sync word, said subset of said subcode synbol and said audio sanples in
real time; and an output: termnal coupled to said second conversion
unit, said output termnal for reproducing said signals in real tine. 2.
The conputer interface as defined in claiml1, wherein said first conversion
unit inckutles a decoding circuit. -3. » conputer interface as defined
in claiml, wherein said format suitable for storing said subcode synbol

and sai d audi | esdiS3 @ r foie. sdhe, I nj,enkace
as defined i nﬁceligil% 1,555\/&?ere| n sa% fllixlrdé? ti#r‘r?ngsgjr'\‘g c%ﬁ{q?gféﬁﬁf‘t Pﬁél Udes

a plurality oFesp§ichidedy saif@X e FychroniZing cihe cfrapsfary ofuxspid y
processor saiglbcdide | | Syiibol! OGRREOr sagadi HhdI! ream?laaal Srch SagdigPU
over said system bus when its nenory is either alnpost. full_ or alnost enpty.
5 ° % e’ CoRPYRREIGR SmE £O. SR herery, ySF rraia Systen fudlyt I
wherein said first buffiard rgnfiering nmearss cauplledaltict );aﬁd Féy€tembbus
e oIl o O HAA FRE AE Ed dirodLELE 018 ARABEY, DAL "0
defined in cl #hdrd hyffexing mepns further ikeldingesaidi audigesanples;
plurality of FIFOs. a first parallel-to-serial converter, said first

- - parallel-to-serial converter being c¢oupled to said third

buffering means for serializing said audio samples,

T fourth buffering means coupled to said system bus
for retrieving a subset of said subcode symbol and a
first sync bit from said memory, said.fourth,buffering
means further holding said subset of said subcode symbol;

a second parallel-to-serial converter, said

second parallel-to-serial converter being coupled to said

_fourth buffering wmeans for receiving said subset of said
- subcode symbol. - - -

fifth bﬁffering means coupled to said system bus
for retrieving said subcode symbol and a second sync bit
from said memory, said fifth buffering means further
holding said subcode symbol;
‘a third péiallel—to-serial converter, said third
L parallel-to-serial converter being coupled to said fifth
buffering means for serializing said subcode symbol and
said second sync bit;
a.mﬁltiplexer, said multiplexer coupled to said
third parallel-to-serial converter, said fourth buffering
means being further coupled to said multiplexer for
fransmitting said first sync bit thereto, said
multiplexer selecting either said first sync bit or said
second sync bit as a chosen sync word for each said
frames, said multiplexer being coupled to said ‘second
parallel-to-serial converter for combining said chosen
sync word with said subset of said subcode symbol;
a second conversion unit coupled to said first

o L.
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8. The conputer interface as defined- |n clal m 1, V\,herel n said fourth -
buffering means includes a plurality of FIFGs. 9. The conputer
interface as defined in claiml1l, wherein said fifth buffering nmeans

i ncludes a - plurality of FIFGCs. 10. The conputer interface as defined in
claim1l1, wherein said second conversion unit  includes a
serialization circuit. 11. The c@puter interface as defined i nJal m .
1, wherein said input termnal is-coupled to said out put termnal for

reprod nf)'h affbl-4dkar i “a{csﬁggﬁgrst%wgrgggﬁﬂﬁ gaia' da&gwy 12.

The co I n ace as “de in cl out of said
second o%%melgsonthqrefrgmeougaéd t8egand |ﬂ90?er§iﬁnnannibr bthQ|ng t he

i Ntegri tyorb1Ele LA &RUE Setonid Spda PR 1-€8P3621HS - chhverter® f&ENOd for
simul ating apd,transferrin corrp t di,sc-interactive dgta and for storing

audi o siFRGPIViRg, srﬁeiﬂ)r? FRdd sFuperdey 8 Yhals are *
C L M ch&sen syncf ﬁdﬁcﬁ\)tﬂﬂezﬂéttdiwprsdﬂdedebonaealcdn\fm:s1aﬁlﬁlnf.;f)ffpu't er

o ocosscf LS chmRiRIT SRR (2BpRRatind Watar nEBIS e g ne
steps: rsatdvenpcode dsywmhal candi gnalds au:dns: sampleepdnﬂoeran frdme said
?:‘ngﬁ'gSSI nggiéﬁbi’é' gﬂrr Eab%%&%‘i?ngb%a&dorsei%ﬂé“ﬂ?%éwb@{m&f consecutive
: a second t1m1ng and control. undt hav:.ng a fifth :
input, a sixth input, a- seventh input, an eighth input
and .a ninth input to said :third_ : buffering wmeans, said e
fourth. bu'fferiﬁ_q ‘means, s_aid'fift‘h buffering in‘ea'ns, said \{
multiplexer ~and - said = second - conversion -unit, |
'respect-lvely, for synchronlzing retr:.eval and combination
of said chosen sync word,  said sub_set of said subcode
symbol and said audio samples in real time; and
.. an output terminal - oou'p"l'ed'_ ‘to  said ‘- second
conversion unit, said output terminal for reproducing
said s:anals in real time. : '
2.  _ The computer 'in'terface"as defined in claim 1,
whereln said flrst conversion  unit 1nc1udes a decodlng
circuit.

3. . The computer in'terf'ace__- as define'd. -in claim 1,
wherein said format suitable for storing said subcode
symbol and said audio samples is a computer file.

4. "~ . The computer interfa"ce“'-. ‘as” defined in claim 1,
wherein said first timing _énd “control unit ‘includes a -
- plurality of registers, said- -registers being ‘coupled. to .
‘said -auxiliary - processor, ' said ~auxiliary processor

. 'sending control 'signals to said CPU over said system bus

when its memory 'is either almost full or almost empty. -

. 5. - - The -'comp'_iiter- interface as defined  in claim 1,

) "t 4 L M-S * ’ .
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frames having at |east one sync word, ‘at.least one subcode synbol and a

plurality of
fromsaid aud
first convers
subcode synbo
sai d fiﬁgz c

associ ated audi o sanples, separating said subcode synbol

i o sanples of said signals with a first conversion unit, said
ion unit being coupled to said input termnal; receiving said

| and said audio.sanmples wth a denmerge unit coupled
onversion unit, said denerge unit further converting the

to-

format of said subcode synbol and said audi®2sanples into a format suitable

for storing s

ai d subcode synbol and said audio sanples in said nenory ov

er

sai d system bihereir|said Siret wfiferingpreansingludest pr plurakidin ng

nmeans coupl ed
said systemb
sanpl es; rece

o FRFdsdenerge wunit, said first buffering nmeans coupl ed
us, said first buffering nmeans further holding said au
i vi ng- sai d subcode synbol with a second buffering neans

to
dio

coupl ed to sai6l dener gehenicomprtiet Séntetdfack casngletiarsd cdnplelainw J3i d

system bus, s
synbol ; synch
sanpl es from
afirst timn
third input a
buffering nea

WieSf iR Patd, pRRenE, B RA U Hiterlk EDRRuARET £ 1R,

wff FEE@sersion unit to said nenory over said systembus with

g and control unit having a first input, - a second input,
nd a fourth input to said first bufferjng neans, said, secon
s, sai d TReeceERYEar adbterface ras &?rf%é?%‘?oﬁnurﬂ-a,m 1,

a
d

ieSﬁectively;wﬁﬁféiwiaaiaaMhﬁyaﬁsuﬁﬁﬂfiﬂg neamss airk IEdeE Ya* pluralityM S

S\

of FIFOs.

8. . The computer interface as defined- in claim 1,
wherein said fourth buffering means includes a plurality

~of FIFOs.

9. The computer _interface as defined in claim 1,

wherein said fifth buffering means includes a plurality
of FIFOs. ' '

10. The ct:)mputex_'~ interface as defined in claim 1,
wherein said second conversion unit includes a
serialization circuit.

.11, The computer interface as defined in claim 1,

wherein said input terminal is coupled to said output
terminal for reproducing said audio signals while storing
the same in said memory.

12, The computer interface as defined in claim 1,

wherein the output of said second conversion unit is

- coupled to said input terminal for checking the integrity

of the various circuits of said apparatus.
13. A method for simulating and transferring compact

disc-interactive data and for storing audio_signals‘in a
memory of a computer system such that said signals are

. I
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with a third buffering means coupled to Said systen1bus said third

buf fering means further hol ding said audio sanples; retrieving a subset of -
sai d subcode synbol and a first sync bit fromsaid menory with a fourth
‘buffering neans coupled to said systembus, said fourth buffering neans
further holding said subset of said subcode synbol; retrieving said subcode

synbol and a second sync bit fromsaid nmenory with a fifth buffering ans
coupl ed to said systembus, said fif®Bbuffering means further hol di ng sald
subcode synbol ; - serializing said audio sanples using a first -

par al | elretrseveadl and'lve:lep&rodtmdi filr srepdr atine; t csaidr icommotener t er

bei t d
symbol - e EnfRhashl o qlfed %"5‘@?%&%3 cibsh detbpdgtlioce
Sai 4 { hitQ] BAr SR IEEY QIQFeseM cRE SBAFh PRI caVeS Saisyatemh

buffenluhgm%ggldrﬁgehyangoﬂbgmsgnguthbpgeé@g.sald first sync hit fron1sa|d
fourth buffer neans and.sai:d 1(§con
ai

ync bjt fromsaid third
paral | el -t o- ser i GFCRLK¥RIt eFR @qﬁiﬂarﬁ% t°¥8€p|€§1ﬂi@£ﬂ§lthlrd
par al | eltemmizsal pl sotderdawdiandsignsks d l:iezimj h ﬂeﬁf&amﬁe@s by urd her .

S ohoseedd it TS e B0ReBEuRIVA [ HoBheB! SERDGANAT D15
subcode fanrs dwving adcodeasty abhel -Svnser\ilardeom@rtlaeaSGalahsecond
par al | elgdssid | akyRBBY e ARE bﬁ' ”ﬁlﬁ?ﬂﬂh%? thsah%sdeiréééd audlo
samples, _ : I
separating said subcode-symbol from said audio_ )
samples of said signals with.a-first conversion unit, '
said ‘first conversion unit- belng coupled to. said 1nput
terminal; ' : '
rece1v1ng sa1d subcode symbol and sald audio
'~ samples with - a demerge unit - coupled to- “said first
conversion unit, ‘said demerge unlt-further convertlng'the ' f'
format of saiad subcode symbol and said audlo samples into
a format sultable for . storlng said subcode symbol and
said audio samples in said memory over "said system bus;-
recelving sald _audlo samples with a' first
buffering means coupled to said demerge"unlt,-said first
buffering means coupled to said system bus, said first '43
buffering means' further holdlng sald audio samples, o/
receiving saiad. subcode symbol with a- second ‘buffering
- means coupled to said demerge unit,'said_second buffering
means coupled to said system bus, said'second buffering:
means further holdlng sa1d subcode symbolq '
synchron1z1ng the: transfer of said subcode symbol .
‘and said audio’ samples from said conversion unit to sald_
memory over said system bus with a first ‘timing -and
- control unit having a first input,_ a second input, a
third input and a fourth input to said first buffering
means, said second bufferlng means, said. demerge unit and
said first convers1on unit, respectively;: '
retrieving said audio samples “from- jsaid'-:memory
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buff eri ng means for receiving said subset of said subcode synbol and
coupled to said nmultiplexer for receiving said chosen sync word; receiving
said audio sanples wth a second conversion unit coupled to said third
buf fering means, said second conversion unit being coupled to said second
paral l el -to-serial converter for receiving said subset of sai d subcode
synbol aﬂd »sai d sync word therefrom said second conversion unit further
conbi ni ng said sync word; said subset of s&#.subcode symbol and said audio
sanples into a frame SU|tabIe for reproducing said S|gnals in real tine;
synchr oni zi ng Wit retthind| bufiferingi meansn quplked t%yﬁéldoFUStemahwsr

subcode synb@aj@ng¢nisal dbéf'f'é?iﬁé”ﬁd&%é N fu9dhdy MRoltihgd S&f@NAUdid NY
and control unit having a fifth input, a sixth input, a“seventh input,

an eighth i npf2® & ninth input to said third buffering nmeans, said
fourth buffering neamxetuﬂ@biméth bubketi of smialissubcade symbbnphaneh

and said 0 s e y dre |

signals. in re%'}ll ‘?n%%% an ou%“pu%aejfs‘grl(rih&lrt%?gr m. oéutgé'?g#érm rﬁ% cogpl ed
to sai d secondess® crouphedetos said SYStethuﬁBt rﬂﬁichsfq@rthemfrfemmgn
13, wherein Sgidhrd rﬁ{rm eﬁéi&’:[hé‘ Nsdid “QﬁHQéé 8£08596! Bubeble! symbbl ;

The nmethod as defined In ggereln said format suitable fQr storlng

sai d subcode synbol aﬁ?ﬁﬁﬁﬁpkﬂﬁlﬁa nfrbsode syahthand 1| gecond sync
bit from said memory with a fifth buffering means coupled

to said system bus, said fifth buffering means further
\_ holding said subcode symbol;

- serializing said audio samples using a first
parallel-to-serial converter, said first parallel-to-
serial converter being coupled to said third buffering
means; serializing said subcode symbol and said second

- sync bit using a third parallel-to-serial converter, said
third parallel-to-serial converter being coupled to said
- fifth buffering means; - T
receiving with a multiplexer said first sync bit
from said fourth buffer means and said second sync bit
from said third parallel~-to-serial converter, said data
merge unit coupled to said _third parallel-to-serial
converter and to said fourth buffer means, further

N\ selecting, with said multiplexer, one of said first or.
‘second sync bits as a chosen sync word for each said
- frames;

- serializing said subset of said subcode symbol
using a second parallel-to-serial converter, said second
parallel-to-serial converter being coupled to said fourth
buffering means for receivifig said subset of said subcode
symbol and ‘coupled to said multiplexer for receiving said
chosen sync word; . |

' receiving said audio samples with a second
conversion unit coupled to said third buffering means,
said second conversion unit belng coupled to- said second
parallel-to~-serial converter for receiving ‘said subset of

-
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16. The nethod as defined in cIa|n113 mhereln said first t|n1ng and
control unit includes a plurality of registers, said registers being
coupled to said auxiliary processor, said auxiliary, processor sending
control signals to said CPU over said systembus when its nmenory is either
al nost full or alnost enpty. 17. The met hod as defined in claim13,
wherein said first buffering means includes a plurality of FIFGCs. 13*}

. The nethod as defined in cIa|n113 'ﬁhﬁseln sald second buffering nmeans

|ncI udes a ,plurality of Fl|FGCs. d as defined in clalm
13, wher 8RAds S4Pqqde gspubel, ang n%%?-& ﬁi’dﬁd‘é@rg %nﬁraﬁrﬁlﬁwvof spigos. |
The et h@dcaﬁddebm@i-slmmlmiﬂ 18urtier ecombdind ngo w4 i bsnfﬁerwagd;reans

uner o n 818 $hfrkkloff RiE BupEbae eyl A PER 7, £5410° ok 660" 13_ |

" The net hbotas. adefraue isuitable 1 Tornhrepraodugings csaid adgnals omnunl t

I ncl “desréafe{:igé' zation circuit, 23. The nmethod as defined in claim
13, whereln sai i'nput terminal is coupled to said output termnal for .
reproduci ng sai dS¥NEREOBLZARGs Whe  Fetwievalt Anda inatiionmenfry. 24.

The net hedias Qfﬁcnealora cl gai@ 13supbedei nsyxhsoiouaﬁat ealaal duaﬁeond
conver si on_ul 1S cougé S}to salg |Q£ut ter €i for ﬂF g

i nt egrit§52BP Fﬁe N FS B 4 aP§°R 'ﬁ%n92§n onput er

i nterfacenitf chavimgmd afiifgh mput; ansf esztxtrlg Adoqutact a dseventht eractive
'data“iﬂﬁhpuer an eighth input and a ninth input to said third

' bufferlng means, said fourth bufferlng means, sald flfth \_ﬂ
.buffering . means,-_said multlplexer,:and_ said second
conversion unit, respectively, and | | B

- . reproduclmg gaid signals in real tlme Wlth an

output terminal, said .outpu_t terminal coupled to said

second conversion means. Soe o - =

14, - The method as defined in ‘claim 13, -Ewhe_x:_ein- said_ '
first conversien unit includes a decoding circuit.

-15. The method as defi.n_ed' in claim 13, -wt;eﬁr_,e_ix{ said

format §uitab1-e -for storing said subcode symbol and said
audio samples is a.computer file. e p
. 16. . The 'in'e_th'o'd- as. def-_ined; in claim 13, -wh‘fe,rein said '

first timing and control ‘unit - includes a piurality of
rng.sters, said registers. belng coupled to saJ.d auxiliary
proces__sor, said _au_xl_liary_ processor - sendlng control -
.'signals to said CPU over .said system bus when its memory
is either .almost full or almost empty. ' -

17. The method as defined in claim 13 . Wherein said
-first buffering means includes a plurality of FIFOs.

. 18. . The m‘e"t_h:oq.'_as defined in claim 13, 'wh_e_rein=‘.said
second buffering means includes a plurality of FIFOs.
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ALl -

storing audio signals -in a nenory of “a conputer system such that said
signals are retrieved and reproduced in real time, substantially as
her ei nbef ore described with reference to Figures 1B through 16 of the
acconpanyi ng draw ngs. 26. ~ A nethod for sinulating and transferring
conpact disc interactive data and for storing audio signals in a nmenory of
a conputeggsysten1such that said signals are retrieved and reproduced in
real tine,” substantially as hereinbefore d®gsri bed.

19, The method as defined in claim 13, wherein said
. third buffering means includes a plurality of FIFOs.

20. The method as defined in claim 13, wherein said
fourth buffering means includes a plurality of FIFOs.

21. The method as defined in claim 13, wherein said
fifth buffering means includes a plurality of FIFOs.

22. The method as defined in claim 13, wherein said
second conversion unit includes a serialization circuit,

- 23. . The method as defined in claim 13, wherein said
input terminal is coupled to said output terminal for
reproducing said audio signals while storing the same in
said memory. -

24. The method as defined in claim 13, wherein the
‘output of said second conversion unit is coupled to said
input termifial for checking the integrity of the various
~circuits of said apparatus. |

25, A computer interface for simulating and
transferrihg compact disc interactive data and for
storing audio signals-in a memory of a computer system
such that said signals are retrieved and reproduced in
real time, substantially as hereinbefore described with
reference to Figures 1B through 16 of the accompanying
drawings. _ - -

- 26, A method for simulating and transferring compact
disc interactive data and for storing audio signals in a
memory of a computer system such that said signals are
retrieved and reproduced in real time, Substantially as
hereinbefore described. . ’
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