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Technical Field of the Invention

The present invention relates in general to the field of digital
audio systems'and in particular to systems which include MIDI
syﬁthesisérs implemented utilising a digital signal processor. Still more
. particularly, the present invention relates to a method and apparatus for
simultaneously outputting béth digital audio and MIDI synthesised music

- utilising a single digital processor.

Background of the Invention

MIDI, the "Musical Instrument Digital Interface” was established as

a hardware and software specification which would make it possible to -
. exchange information such as: musical notes, program changes, expression

cogtrol, etc. between different musical instruments or other devices such

as: sequencers, computers, lighting controllers, mixers, etc. This

ability to transmit and receive data was originally conceived for live

performances, although subsequent developments have had enormous impact

in recording studios, audio and video production, and composition

environments.

A standard for the MIDI interface has been prepared and published as
a joint effort between the MIDI Manufactuter's.Association (MMA) and the
Japan MIDI Standards Committee (JMSC). This standard is subject to
change by agreement between JMSC and MMA and is currently published as
the MIDI 1.0 Detailed Specification, Document Version 4.1, January 1989.

The hardware portion of the MIDI interface operates at 31.25 KBaud,
asynchronous, with a start bit, eight data bits and a stop bit. This
makes a total of ten bits for a period of 320 microseconds per serial
byte. The start bit is a iogical zero and the stop bit is a logical one.
Bytes are tramsmitted by sending the least significant bit first. Data
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connection for this current loop with only two pins being utilised to

transmit the current loop signal. Typically, an opto-isolater is

‘utilised to provide isolation between devices which are coupled together

utilising a MIDI format.

Communication utilising the MIDI interface is achieved through
multi-byte "messages" which consist of one status byte followed by-one or
two data bytes. There are certain exceptions to this rule. MIDI
messages are sent over any of sixteen channels which may be utiliseé for
a variety of performance information. There are five major types of
MIDI messages: Channel Voice; Channel Mode; System Common; System
Real~Time; and, System Exclusive. A MIDI eYent is transmitted as a

message and consists of one or more bytes.

A channel message in the MIDI system utilises four bits in the
status byte to address the message to one of sixteen MIDI channels and
four bits to define the message. Channel messages are thereby intended
for the receivers in a system whose channel number matches the channéi
number encoded in the status byte. An instrument may receive a MIDI
message on more than one channel. The channel in which it receives its
main instructions, such as which program number to be on and what mode to
be in, is often referred to as its "Basic Channel." There ére two basic
types of channel messages, a Voice message and a Mode message. A Voice
message is utilised to control an instrument's voices and Voice messages
are typically sent over voice channels. A Mode message is utilised to
define the instrument’'s response to Voice messages, Mode messages are

generally sent over the instrument's Basic Channel.

System messages within the MIDI system may include Common messages,
Real-Time messages, and Exclusive messages. Common messages are intended
. for all receivers in a system regardless of the channel that receiver is

associated with. Real-Time messages are utilised for synchronisation and
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ignore the following data.

As those skilled in the art will appreciate upon reference to- the
foregoing, musical compositions may be encoded utilising the MIDI
. sfandatd and stored ‘and/or transmitted utilising substantially less data.
The MIDI standard permits the transmittal of a serial listing of program
status messages and channel messages, such as "note on" and "note off"
gnd as a consequence require substantially less digital data to encode

than the straightforward digitisation of an analog music signal.

Earlier attempts at integrating music and other analog forms of
communication, such as speech, into the digital computer area have
‘traditionally involved the sampling of an analog signal at a sufficiently

- high frequency to ensure that the highest frequency present within the
"signal will be captuied-(the "Nyquist rate") and the subsequent |
digitisation of those samples for storage. The data rate required for
" such simple sampling systems can be quite enormous with several tens of

thousands of bits of data being required for each second of audio signal.

As a consequence, many different encoding systems have been
developed to decrease the amount of data required in such systems. For
example, many modern digital audio systems utilise pulse code modulation
‘(PCM) which employs a variation of a digital signal to represent analog
information. Such systems may utilise pulse amplitude modulation .(PAM),
pulse duration modulation (PDM) or pulse position modulation (PPM) to

represent variations in an analog signal.
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greatly, encoding only the difference between two adjacent signals can
save substantial data. Further, adaptive or predictive techniques are
often utilised to further decrease the amount of data necessary to
represent an analog signal by attempting to predict the value of a signal
based upon a weighted sum of previous signals or by some similar -
algorithm.

In each of these digital audio techniques speech or an audioc signal
may be sampled and digitised utilising.stréightforward processing and
digital-to-analog or analog-to-digital conversion techniques to. store or
recreate the signal. . .

While the aforementioned digital audio systems may be utilised to
accurately store speech or other audio signal samples a substantial
penalty in data rates must be paid in order to achieve accurate results
over that which may be ‘achieved in the music world with the MIDI system
described above. However, in systems wherein it is desired to recreate
human speech there exists no appropriate alternative in the MIDI systeﬁ

for the reproduction of human speech.

- Disclosure of the Invention

Thus, a need exists for a method and apparatus whereby certain
digitised audio samples, such as human speech, may be recreated and
combined with synthésised music which was created or recreated utilising
a MIDI data file.

The invention provides, in one aspect, a method for the simultaneous
output of digital audio and MIDI synthesised.music by a single digital
signal processor,.said_method comprising the steps of: storing a
compressed digital audio file within a memory device associated with.a

single digital signal processor; storing a MIDI file within a memory
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: bﬁffer to create a composite output including digital audio and MIDI

synthesised music.

In a second aspect, the invention provides apparatus for
simultaneously outputting digital audio and MIDI synthesised music, said
apparatus comprising: first memory means for storing a compressed
digital andio file; second memory means for stosing a MIDI file; a
single éigital signal processor; control means for selectively and
alternatively coupling said first memory means to said single digital
signal ;rocessor for creation of decompressed audio, and said second

\memory means to said single digital signal processor for creation of MIDI
synthesised music, first buffer means coupled to said s1ng1e digital
signal processor for temporarily storing decompressed audio; second
buffer means coupled to said single digital signal processor for
temporarily storing MIDI synthesised music; and additive mixer means
coupled to said first buffer means and said second buffer means for
creating a composite output including digital audio and MIDI synthesised

music.

Thus the invention provides an improved method and apparatus for
simultaneously outputting both digital audio and MIDI synthesised music
utilising a single digital processor.

The Musical Instrument Digital Interface (MIDI) permits music to be
recorded and/or synthesised utilising a data file containing multiple
serially listed program status messages and matching note on and note off
messages. In contrast, digital audio is generally mérely compressed,
utilising a suitable data compression technique, and recorded. The audio

content of such a digital recording may then be restored by decompfessing
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conmmuni cati on, such as speech, into the digital conputer area have
traditionally involved the sanpling of an analog signal at a suffi
hi gh frequency to ensure that the highest frequency pr
signal will be captured (the "Nyquist rate"”) and the su
digitisation of those sanples for storage. The data rati
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Decompressed audio and MIDI synthesised music are then altermately
coupled to two separate.buffers The contents of these buffers are then
additively mixed and coupled through a digital-to-analog convertor to an
audio output device to create an output having concurrent digital audio

and MIDI synthesised music.

A preferred embodiment of the invention will now be described, by

way of example only, with reference to the accompanying drawings:

Brief Description of the Drawings

Figure 1 is a block diagram of a computer system which may be

utilised to implement the method and apparatus of the present invention; .

Figure 2 is a block diagram of an audic adapter which includes a
digital signal processor which may be utilised to implement the method

aud apparatus of the present invention; and

Figure 3°is a high level flow chart and timing diagram of the method

and apparatus of the present invention.

Detailed Description of the Invention

With referenpe now to the figures and in particular with reference
to Figure 1, tpere is depicted a block diagram of a computer system 10
_wﬁich may be utilised to implement the method and apparatus of the
' present ‘inventiom. As is illustrated, a computer system 10 is depicted.
Computer system 10 may be implemented utilising any state-of-the=art
digital computer system having a suitable digital signal processor
disposed therein which is capable of implementing a MIDI synthesiser.
_For example, computer system 10 may be implemented utilising an IBM PS/2
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achieves still further data conpression by encoding only the difference

bet ween one sanple and the next sanple. Thus, despite the fact that an
‘anal og signal may have a substantial dynamic range, if the sanpling rate is
sufficiently high so that adjacent signals do not differ greatly, encoding
only the difference between two adj acent signals can save substantial data.
Furt her, adaptive or predictive technigues are often utilised to further
decrease the anount of data necessary to represent an anal og signal by
attenpting toynpedﬂmﬁ the value of a signdl based upon a wei ghted sum of
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data and select various files stored within computer system 10 in a
manner well known in the art. Of course, those skilled in the art will _
appreciate that a graphical pointing device, such as .a mouse or light
ﬁén, may also be utilised to enter commands or select apéropriate files

within computer system 10.

Still referring to computer system 10, it may be seen that processor
12 is depicted. Processor 12 is preferably the central processing unit
for computer system 10 and, iin the depicted embodiment of the present
invention, preferably includes an audio adapter capable of implementing a -
MIDI synthesiser by utilising a digital signal processor. One example of
such a device is the IBM Audio Capture & Playback Adapter (ACPA).

As is illustrated, MIDI file 20 and digital audio file 22 are both
depicted as stored within memory within processor 12. The output of each .
file may then be coupled to interface/driver circuitry 24.
Interface/driver circuitry 24 is preferably implemented utilising any
suitable audio application programming interface which permits the
accessing of MIDI protocol files or digital audio files and the coupling
of those files to an appropriate device driver circuit within

interface/driver circuitry 2&.

Thereafter, the output of interface/driver circuitry 24 is coupled
to digital signal processor 26. Digital signal processor 26, in a manner
which will be explained in greater detail herein, is utilised to
simultaneously output digital audio and MIDI syntheéised music and to
couple that output to audio output device 18. Audio output device 18 is

Preferably an audio speaker or pair of speakers in the case of sfefeo
music files. '



It Js an object of the present invention to aneliorate one or nore
~di sadvantages of the prior art. According to one aspect of the invention
"there is disclosed a nethod for the simultaneous output of digital audio
and M DI synthesized nusic by a single digital signal processor, said
met hod conprising the steps of: storing a conpressed digital audio file
within a nenory device associated with a single digital signal processor;
storing aMDI_fil g Wi thin a nenory devi ge associated with said single
digital sign®-3¢d 8jss_or; sel ectively and alternatively coupling portions
of said co][rpr ess,gec;egfg,%t,?w 831G gurel .6 thereSdd depicied @ Blogk tdlagtdmybfilan
processor for creation of, deco essed, audi o and portians .af.said MDI file
to said singfuligHPepPL® glf’é:ﬂa’rnc ‘%%%@%Fa S%gn(?? at | %sﬁof)?g I\XIBICh.sm;a/ak?%eesi zed
musi c; st orioglsedddteldoplyments Shel methytd and aprfiraty ehithe #reiest invenpierary
EU]E fer; storjngsakdedablves b ORdLE hdmpte tnagl bd)isinply SRpOakntaIPOr ar y
uffer; and utilising the IBM Audio Capture & Playback Adapter (ACPA) which is N
commercially available. In such an implementation digital signal
processor 26 is provided by utilising a Texas Instruments TMS 320C25, or

" other suitable digital signal processor.

As illustrated, the interface between processor 12 and digital
signal processor 26 is I/0 bus 30. Those skilled in the art will
appreciate that I/OIbus 30 may be implemented utilising the Micro Chamnel
or PC I/0 bus which are readily available and understood by those skilled
in the personal-comﬁuter art. Utilising I/0 bus 30, processor 12 can
access the host command register 32. Host command register 32 and host
status register 34 are used by processor 12 to issue commands and monitor

the status of the audio adapter depicted within Figure 2.

Processor 12 may also utilise I/0 bus 30 to access the address high
byte latched counter and address low byte latched counter which are
utilised by processor 12 to access shared memory 48 within the audio
adapter depicted within Figure 2. Shared memory 48 is preferably an 8K x
16 fast static RAM which is "shared" in the sense that both processor 12
and digital signal processor 26 may access that memory. As will be
discussed in greater defail Herein, a memory arbiter circuit is utilised
to prevent processor 12 and digital signal processor 26 from accessing

shared memory 48 simultaneously.

As is illustrated, digital signal processor 26 also preferably
includes digital signal processor control register 36 and digital signal
pProcessor status register 38 which are utilised, in the same manner as
host command register 32 and host status register 34, to permit digital
signal processor 26 to issue commands and monitor the status of various

devices within the audio adapter.

Processor 12 may also be utilised to couple data to and from shared
memory 48 via I/0 bus 30 by utilising data high byte bi-directional latch



conbi ning the contents of said first tenporary buffer and said second
tenporary buffer to create a conposite output including digital audio and

* M DI synthesized nusic. According to another aspect of the invention there
i's disclosed an apparatus for sinultaneously outputting digital audio and
M DI synt hesized nmusic, said apparatus conprising: first nmenory neans for
storing a conpressed digital audio file; second nenory nmeans for storing a
MDI file; a single digital signal procegsor; control nmeans for selectively
and aIternarWWéwgog%upling said first menory neans to said single digital

signal processor, Bg{a ggm LtOR;0fi QG0N 8528 aUH Q Rdisles el JRE6RNEn MENDI Y
nmeans to said single digiftal signal processor for creation of MD
synt hesi zed ¥hes#t®- first buffer nmeans coupled to said single digital signa

processor for tenporarily storing of deconpressed audi o; second buffer
means coupl ed tcﬁaﬁgiedmg&ﬂ‘glﬁ)_ 4L G1581de51 208w i DEGC 8RS B h0kdapOAP QF Aiighie
storing M DI syn sl zed frusic; and ?dl tﬁ’%% {?xer g‘éﬁ* S .CO psegtito sl d
first buffer2-net@lamgmed a° slécflfﬁ(‘je“SE ¥ & Hrgatts SFEECPENSE § BoHg te
out put i ncl usi aggidayistighalapcticessomd2MEd)t outgping siemplds to be played and
incoming samples of digitised audio. Sample memory 50 may be utilised,
as will be explainéd in greater detail herein, as a temporary buffer to
store decompressed digital audio samples and MIDI synthesised music
samples for simultaneous output in accordance with the method and
apparatus of the present invention. Those skilled in the art will
appreciate that by decompressing digital audio data and by creating ‘
synthesised music from MIDI files unit a predetermined amount of each
data type is stored within sample memory 50, it will be a simple matter

to combine these two outputs in the manner described herein.

Control logic 56 is also depicted within, the audio adapter of Figure
2. Control logic 56 is preferably a block of logic which, among other
tasks, issues interrupts to processor 12 after a digital signal processor
26 interrupt request, controls the input selection switch and issues
read, write and enable strobes to the various latches and memory devices
within the audio adapter depicted. Control logic 56 preferably

accomplishes these tasks utilising control bus 58.

-‘Address bus 60 is depicted and is preferably utilised, in the
illustrated embodiment of the present invention, to permit addresses of
various samples and files within the system to be coupled between
appropriate devices in the system. Data bus 62 is also illustrated and
is utilised to couple data among the various devices within the audio

adépter depicted.

As discussed above, control logic 56 also uses memory arbiter logic
64 and 66 to control access to shared memory 48 and sample memory-56 to
ensure that processor 12 and digital signal processor 26 do not attempt
to access either memory simultaneousiy. This technique is well known in
the art and is necessary to ensure that memory deadlock or other such

Symptoms do not occur.



musisc. 6 Brief Description of the Drawings Figure 1 is a block diagram
of a conputer systemwhich may be utilised to inplement the nethod and
apparatus of the present invention; Figure 2 is a block diagramof an audio
adapter which includes a digital signal processor which nay be utilised to
I npl ement the nethod and apparatus of the present invention; and. Figure 3
Is a high level flow chart and timng diagram of the nethod and appar at us
of the presqmé-gormenti on. Detail ed Descritpti on of the Invention Wth
reference now to the figures and in particular with reference to Figure 1,

there is depict Einadln désdital dgraralos anvenrptitderisjtisrrated \@ickF may be
utilised toyuiiaked®estconbertneidiaeconpresapparigitad aidis e @rgesanMIBINVENtion. As
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digital-to-analog converter 52 is then coupled to analog output section
68 which, preferably includes suitable filtration and amplification
circuitry. Similarly, the audio adapter depicted within Figure 2 may be-
utilised to digitise and store audio signals by coupling those signals
into analog input section 70 and thereafter to analog-to-digital
converter 54. Those skilled in the art will appreciate that such a
device permits the capture and sforing of analog audio signals by
digitisation and storing of the digital values associated with that
signal.

With reference now to Figure 3, there is depicted a high level flow
chart and timing diagram of the method and apparatus of the present
invention. As illustrated, the process begins at block 100 which depicts
the retrieving of a compressed digital audio data block from memory.
Thereafter, in the sequence depicted numerically, the digital audio data

., is decompressed utilising digital signal processor 26 and an appropriate
decompression technique. Those skilled in the art will appreciate that
the decompression teéhnique utilised will vary in accordance with the
compression technique which was utilised. Next, the decompressed digital
audio data is loaded into a temporary buffer, such as sample memory 50

(see Figure 2).

At this point, in accordance with an important feature of the
present invention, digital éignal processor 26 is selectively and
alternatively utilised to implement'a MIDI synthesiser. This process
beginé at block 106 which depicts the retrieval of MIDI data from memory.
Next, block 108 illustrates the creation of synthesised music by coupling
the various program status changes, note on and note off messages and
other control messages within the MIDI data file to a digital synthesiser
which may be implemented utilising digital signal processor 26. o
Thereafter, the synthesised music created from that portion of the MIDI
file which has been retrieved is also loaded into a temporary buffer,

such as sample memory 50.



state-of-the-art digital conputer system having a suitable digital signal
~processor disposed therein which is capable of inplenmenting a MDI

synt hesi ser. For exanple, conputer system 10 nay be inplenmented utilising
an | BM PS/ 2 AT9-90- 046 7 type conputer which
I ncludes an | BM Audi o Capture & Pl ayback Adapter (ACPA). Al so included

Wi thin conputer system 1.0 is.display 14. Display 14 nmay be utilised, as
those skilled in t e art will appreciate, ;fo display those comand and
control feat f@z’% ypically utilised in thée processing of audio signals

within a digital GOpput §inSythe BecihpOs£aUlg@eall Qudie 4k ednaSHa em 10 is
conput er keyboard 16 which maaé Q{% uti |seg t?rﬁcgnter data and sefl ect various
files stored PSS EoMiCere®sh SPEMEL8°9 12BN ABTC RetamPRARSR Pt ha r ¢t .
Of course, thoskireliid ed additiive mixer whidh sqqyeedioatix theatigitgl aplicdhta
poi nting devigg, s Sufdli35a FusRUSSE tREt kh@NhaP @B, s HBYeaAbAR 1P Sutibid. | SR tO
enter commands or sel ect appropri,ate files
"output of this additive mixer is then coupled to an appropriate
digital-to-analog conversion device, as illustrated in block 114.
Finally, the output of the digital-to-analog conversion device is coupled

to an audio output device, as depicted in block 116.

Of course, those skilled in the art will appreciate that the
illustrated embodiment is representative -in nature and not meant to be
all inclusive. For example, the system may be implemented with altexrnate
timing in that MIDI data may be retrieved first followed by compressed
digital andio data. Similarly, in the event eight note polyphony is
desired, sufficient MIDI data must be retrieved from memory to synthesise
each note which is active for the portion of synthesised music éo be
created. Similarly, in the event stereo music is created, variqus
control signals such as a pan signal must also be included to ensure that

., the avdio outputs are coupled to an appropriate speaker, with the desired

amount of amplification in that channel.

Upon reference to the foregoing those skilled in the art will
appreciate that the Applicants iﬁ the present application have developed
a technique whereby compressed digital audio data may be decompressed and
portions of that data stored within a temporary buffer while MIDI data
files are accessed and utilised to create digital synthesised music in a
MIDI synthesiser which is implemented utilising the same digital signal
processor which is utilised to decompress the digital audio data. By
;electively and alternatively accessing these two diverse types of data
and then additively mixing the two outputs, a single digital signal
Processor may be utilised to simultaneously output both decompressed
digital audio data and MIDI synthesised music in a manner which was not

heretofore possible.



Wi thin conmputer system 10. Still referring to conputer system
seen that processor 12 is depicted. Processor 12 is pref
processing unit for conputer system 10 and, in the depi clle
the present invention, preferably includes an audi o adapt!
I npl ement | n%Sa M(Rlﬁ’ synthesiser by utiliging a digital signal processor.
One exanpl e 7980T a device is the | BM Audio Capture & Pl ayback Adapter
(ACPA). As is illustrated, MD file 20AmMSd digital audio file 22 are both
depicted as stored within nmenory within processor 12. The out put of each
file may then be coupled to intecface/driver circuitry 21? 4,nterfﬁgn driver
circuitry 24 isiprepenethd fpppihefdftHdnedys| PEPRY °§n‘§}g§fﬂ aptie 4y
application spﬁ&ggﬁgxﬁi M@ it NMyes fsafgleigihapeigmalsptdiessacc emdd ngtisdd M DI
protocol filés gr digital audio files and the coupling of those files to an
appr opri at e GBRFIEPEIFIVEFrTCircuit within interface/driver circuitry 24.
Thereafter, the output of interface/driver circuitry 24 is coupled to
digital signal Re&GagSOeopresdddgdigitaksiagdial £idreo€2Pswitha6 a newogy rdemier whi ch
Wil be explained, In, 0@t he flekallcallQighd) pictebdidrl i sed to

Vel he GENBEEN

enfodi mend of

bRy

storing a MIDI file (20) within a memory device associated with said

single digital signal processor;

selectively and alternatively coupling portions of said compressed
digital audio file to said single digital signal processor for creation
of decompressed audio, and portions of said MIDI file to said single

digital signal processor for creation of MIDI synthesised music;

storing said decompressed digital audio within a first.temporary

buffer;

storing said MIDI synthesised music within a second temporary

buffer; and

combining the contents of said first temporary buffer and said
second temporary buffer to create a composite output including digital.

audio and MIDI synthesised music.

2, A method as claimed in claim 1, further including the step of

coupling said composite output to a digital-to-analog converter.

3. A method as claimed in claim 2, further including the step of

coupling an output of said digital-to-analog converter to an audio output
device. '

4. A method as claimed in any preceding claim, wherein sai&"étep
of selectively and alternatively coupling portions of said compressed

digital audio file to said single digital signal processor for creation

This Sheet Has Been R ]pl
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si m t aneously output digital audio and M DI synthesised SiHES 8Rd et Pias BEEN
couple that output to audio output device 18. Audio output deV|qQﬁuAggb J
preferably an audi o speaker or pair of speakers in the cas e
files. AT9- 90- 046 8 Referring now to Figure

2, there is d L&}@Q a bl ock diagram of amgszaudi o adapter which includes
digital signaﬂ essor 26 which may be utilised to inplenent the nethod

and appar at us pheéoh. 385 QBlid BMEPbitanns AS whid JUDE d leboveridt hinglaudi o
adapter nmay be si np enent t I

Pl ayback Adagd s@;tﬁlAeﬁmf%wﬁ“Pdfeg%%%%*2%6“2’&615“’*@%9“ T

i Npi enent at i orhedstypt off cowrjang apFdeetedoporsgen 9f ﬁ“&@lcﬁweﬁ?‘{]??%‘:ﬂ 4 Texas

| nst rument s Tg\ﬁeS(%OQ{a, sg{gwtdigitaswigabl @roliegsérauntsilgn pirefrteceinsd ramopst

i1 lustrated, i nterface cessor 12 and digital signa

processor 26 ‘rfsgprbﬁée‘g@“ \é\ggcqg ielgi ed inthe art will

S. A method as claimed in any preceding claim, wherein said step
of selectively and alternatively coupling portions of said compressed
digital audio file to said single digital signal processor for creation
of decompressed audio and portions of said MIDI file to said single
digital signal processor for creation of MIDI synthesised music comprises
the step of coupling a selected portion of said MIDI file to said single
digital signal processor until a predetermined amount of digitally

" synthesised music is created.

6. Apparatus for simultaneously outputting digital audio and MIDI

synthesised music, said apparatus comprising:

first meﬁory means (48) for storing a compressed aigital audio i
file (22); '

second memory means {(48) for storing a MIDI file (20);

a single digital signal processor (26);

control means (56) for selectively and alternatively coupling
said first memory means to said single digital signal processor for
creation of decompressed audio, and said second memory means to said

single digital signal processor for creation of MIDI synthesised music;

first buffer means (50) coupled to said single digital signal

processor for temporarily storing said decompressed audio;

second buffer means (50) coupled to said single digital signal

processor for temporarily storing MIDI synthesised music; and - ' .

-

T il




appreci ate that 1/0 bus 30 may be inplemented utilising the Mcro Channel

or PCI1/0O bus which are readily avail abl e and understood by tho kitt-eF—
in the personal conputer art. Uilising I/0O bus 30, proceﬁﬁnm\sﬁ@
t he host command regi ster 32. Host conmand regi ster 32 an fEANCED
regi ster 34 are used by processor 12 to issue comands and

status of the aygd-@oagkapter depicted within figure 2. Processor 12 may al so
utilise I1/0O bus 30 to access the address high byte | atched counter and
address | ow byt e | at chedddigive elxexhiedns aqospledi to Sedd Eyrgir B@&f&ﬁﬁd’eaﬂs? ah@®

access shared Ny YedbRdWultRiN nbdE A4 e B b Slong i 6 LK Figure 2.
Shared nenory 4 T ¥ i 3 %gsgt stgfél}'chA Jhﬂdmggshar ed"

in the sense thgf iﬁﬁfﬁuﬁfoéﬁigaﬁlf?‘tﬁlﬁﬁ 699"?"?&? si gnal processor 26 may

access that nenory. As will be discussed in greater detail herein, a nmenory
arbiter circuit is gti |T&egp§aQaﬂfse¥seQﬁaﬂéQCﬁs§ﬁimlg 2 nd %%&1}3 151 gnal

processor 26 fr ccessin si nul t'aneous
illustrated, di %’Qﬁg 1 §Pgﬁ?§?°gpf%’t"8§%‘ifr ?g?é &?“?69$F8fsé‘lléb"l"91’f1r‘rel"li§es mgang tfat
si gnal processofongertiing|said gogpasit8Qubpnt th gntamlaled gigalpr ocessor status
regi ster 38 which are upflised, in the sanme nmanner as

8. Apparatus as claimed in Claim 7, further including audio output

means (68) coupled to said digital:-to-analog converter for outputting
said analog signal.

Sheet Has Been R laced
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host command regi ster 32 and host status register 34, to permt digital
‘S|gnal processor 26 to issue commands and nonitor the status of various
devices within the audi o adapter. Processor 12 nay al so be utilised to
couple data to and from shared nenory 48 via |/ O bus 30 by utilising data
hi gh byte bi-directional |atch AT9- 90- 046 9 44
and data Iom#by1§ nggérectlonal | atch 46, & a nmanner well known in the
art. Sanpl e nenory I's al so depicted.within the audio adapter of Figure
2.- Sample menory 50 is preferably a 2K x 16 static RAMwhich is utilised by

digital signal proces 0B ANDOAPPRRATSS POt SIMOEFARBoUsCot@uP loYSfé1kl | ncom ng
sanpl es of digitised audio. Sag&%e gggg@g 32%%@5 b% Ilsed as wll be
expl ained in greater detail he P t } %r to store
deconpressed digital audio sanples and M DI syntheS|sed musi ¢ sanpl es for
si mul t aneous out put in accordance w th tjgsrRgithod and

A method and apparatus are disclosed for simultaneously outputting
digital audio and MIDI synthesised music utilising a single digital
signal processor. The Musical Instrument Digital Interf&cg (MIDI)
permits music to be recorded and/or synthesised utilising a data file
containing multiple serially listed program status messages and matching
note on and note off messages. In contrast, digital audio is generally
merely compressed, utilising a suitable data compression technique, and
recorded. The audio content of such a digital recording may then be
restored by decompressing the recorded data and converting that data
utilising a digital-to-analog convertor. The method and apparatus of the
present invention selectively and alternatively couples portions of a
compressed digital audio file and a MIDI file to a single digital signal
processor which alternately decompresses the digital audio file and
implements a MIDI synthesiser. Decompressed audio and MIDI synthesised
music are then alternately coupled to two separate buffers. The contents
of these buffers are then additively mixed and coupled through a
digital-to-analog convertor to an audio output device to create an output

having concurrent digital audio and MIDI synthesiéed music.

_
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gpﬁaratus of the present invention. Those skilled in the art wl|
sappreciate that by deconpressing digital audio data and by creating

synt hesised nmusic fromMDI files unit a predetern ned amount of each data
type is stored within sanple nenory 50, it will be a sinple matter to
conbi ne these two outputs in the manner described herein. Control |ogic 56
is also depicted wthin the audio adapter of Figure 2. Control logic 56 is
preferably a bl ock of |ogic which, anbng ot her tasks, issues interrupts to
processor 12 after a digital signal processor 3§sinterrupt request,
controls the input selection switch and issues read, wite and enable
strobes to the various | atches and nenory devices within the audi o adapter
depicted. Control |ogic .56 _pr ' ks utilising
control bus 58. Address pus 60 is depicted and is preferably utilised, in
the illustrated enbodi neft of the present invention, to peripit addresses of

various sanples and file$ within the systemto be.coupled b¢tween
appropriate devices in the system Data bus 62 is also illugtrated.-and is
utilised to couple data anong the various devices within th¢ audi o adapter
depi ct ed.
DISPLAY
N 14
i MiDI FILE
20 —J - ]2 -
§24 .
INTERFACE/DRIVER
22— ' 26 DSP
DIGITAL AUDIO FILE
PROCESSOR
I8

KEYBOARD I"—IG

Fig. 1



As "di scussed above, control logic 56 also uses nenory arbiter |ogic 64 and
66 to control access to shared nenory 48 and sanple nmenory 50 to ensure
t hat processor 12 and digital signal processor 26 do not attenpt to access

ei ther menory sinultaneously. This technique is well

is necessary to ensure that
occur. AT9- 90- 046
di gital -to-anal og converter

t he deconpressed d

an appropri ate anajaqg

I's then coupled to} &
suitable filtrati o
adapter depicted W

audi o signals by c

o fiicat i

known in the art and

menory deadl ock or other such synptons do not

-@na

10 Finally,
52 is illustrpppd and is utilgsed to convert
Fo or dijgital M D synthgsised
. The oyt put of digital-
pt put seg¢tion 68 mhich,-pLEfﬁﬁﬂb&y igpludes:}
ncircuitry. Simsafg
ret2 may be utilised to
osg sighals into anal og i

Ecti
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converter 54. Those skilled in the art wll appreciate that such a device
pernmits the capture and storing of anal og audio signals by digitisation and
storing of the digital values associated with that signal. Wth reference
‘now to Figure 3, there is depicted a high level flow chart and timng

di agram of the nethod and apparatus of the present invention. As
illustrated, the process begins at bl ock 100 which depicts the retrleV|ng
of a corrpressed digital audio data block %Igm menory. Thereafter, in the
sequence depicted nu igita udio data is decOnpressed
utilising digital sigh®REDPREBYESsor 36 and an appropriate deconpression . .
t echni que. Those skil | gDMPRESSED t Wi |y anpreciate that the deconpression
techni que utili sﬁowi IDIGETAL AyDIOcqr dance Wi th the conpression techni que
which was utili s DATA ER@igconjr esged Adi gital audio data is | oaded
into a‘tenporary bufferMERORY as safple menory 50 (see Figure 2). At this
point, in accordance ™ . nt feature of the present invention,
digital signal processor 26 Ys selectively and alternatively utilised to

inplement a M D syntheticoMPRESSS #roc
i02~_] DIGITAL AUDIO _'
: - DATA :

LOAD
104] DECOMPRESSED
DIGITAL AUDIO -
DATA INTO
TEMP BUFFER
RETRIEVE MIDI
DATA FROM |—106
| MEMORY o
I .
CREATE
SYNTHESIZED 108
MUSIC
V
TOAD
SYNTHESIZED
@ music nto | —HO
TEMP BUFFER
T

MIX DIGITAL
AUDIO DATA & }~{12
SYNTHESIZED
MUSIC

Fig. 8 1

DIGITAL~TO ~
ANALOG ~—114
CONVERSION

AUDIO OUTPUT
DEVICE 116




I
begi ns at bl ock 106 which depicts the retrieval of MD data from nmenory.
Next, block 108 illustrates the creation of synthesised nusic by coupling
t he various program status changes, note on and note_Q ges—ane=t her
control nessages within the MDI data file to a digi p§¥@gngmmsﬂEavnch
may be inplenented utilising digital signal processo
synt hesi sed nusic created fromthat portion of the s {been
retrieved is also | oaded into a tenporarng buffer, suLﬂ S—Sanple=~FErD v 50.
AT9-90-046 At this point, the deconpressed digital audi o data and the
synt hesi sed nusic, each having been |ocated into a tenporary buffer, are
conbined in an additive m xer which serves to mx the digital audio data
and synt hesi sed nusic so that they may be simultaneously output. The out put
of this additive mxer is then coupled to an appropriate digital-to-anal og
conversion device, as illustrated in block 114,

METHOD AND APPARATUS FOR SIMULTANEOUS OUTPUT OF
DIGITAL AUDIO AND MIDI SYNTHESISED MUSIC

ABSTRACT

A method and apparatus are disclosed for simultaneously outputting digital
audio and MIDI syhthesised music utilising a single digital signal processor (12).
The Musical Instrument Digital Interface (MIDI) permits music to be recorded and/or
synthesised utilising a data file containing multiple serially listed program status
messages and matching note on and note off messages. A digital audio is generally
merely compressed, utilising a suitable data compression technique, and recorded.
The audio content of such a digital recording may then be restored by decompressing
the recorded data and converting that data utilising a digital-to-analog converter. The
method and apparatus of the present invention selectively and alternatively couples
portions of a compressed digital audio file (22) and a MIDI file (20) to a single
digital signal processor (12) which alternately decompresses the digital audio file (22)
and implements a MIDI synthesiser. Decompressed audio and MIDI synthesised

music are then alternately coupled to two separate buffers.

FIG. 1



Fisnat< ., the output of the digital-to-anal og conversion device is couple

=X

to an audi o out put device, as depicted in block 116. FSCynad
skilled in the art will appreciat e that the illustrated éﬁ%‘%&n‘%‘ﬁﬁ?ﬁ'sﬁ
representative in nature and not neant to be all inclusi & Aot Mﬁaﬂgg-@
the system may be inplenented with alterdate tining i n';t%aa? “MID

be retrieved first followed by conpressed digital audio data. Simlarly, in
the event eight note pol yphony is desired, sufficient M DI data nust be
retrieved from mémervariation pfiphlse iceds madwatian, Deita Bulse Sode Madulation ORCM)
portion of synthesised nusic to be created. Siml arléi&ni n.the event stereo

Tl b oencur e L e th S0 Bt 2ee Soum) o ha e Aot Lot e,
spener, RSt Tl ol i PR EfCHEREGRD Wi
mgré\gpl icgéﬁl?séaqsﬁdtqs@glﬁ Ce ' %ﬁ{s‘?‘ﬁ 8%{@0# Eaav-e dsgve‘flgﬁ@pt de gghnl qg%]ta

that ot o SHBABR{ndh GEEEraly, EncABinp Gy MREARTALISARSA B adiiieht SRRl

accessed apgy Wive dubSEntifl dat£ aFertkbr Jhdaptive ¥ pheasitive dedhinijues afe 6ften utilised to

further decrease the amount of data necessary to represent an analog signal by attempting

to predict the value of a signal based upon a weighted sum of previous signals or by
some similar algorithm.

In each of these digital audio techniques speech or an audio signal may be
sampled and digitised utilising straightforward processing and digiial-to-analog or
analog-to-digital conversion techniques to store or recreate the signal.

While the aforementioned digital audio systems may be utilised to accurately
store speech or other audio signal samples a substantial penalty in data rates must be paid
in order to achieve accurate results over that which may be achieved in the music world
with the MIDI system described above. However, in systems wherein it is desired to
recreate human speech there exists no appropriate alternative in the MIDI system for the
reproduction of human speech. |

Itis an objeéf of the present invention to ameliorate one or more disadvantages
of the prior art.

According to one aspect of the invention there is disclosed a method for the
simultaneous output of digital audio and MIDI synthesized music by a single digital
signal processor, said method comprising the steps of:

storing a compressed digital audio file within a memory device associated with a

single digital signal processor;



then additively mxing the two outputs,
may be utilised to sinultaneously output Joth deconpres
data and M DI synthesised nusic in a nmanner which was n

possi bl e.

a single digit

12 CLAI M5 1. A nmet hod for the sinultaneous out put of

di gital audi o andtovinp a 34Whflei within rmiemony devie¢ aspociatédgwithsaidi sngle digital

processor,

sai d nethod conprising the steps of: storing a conpressed

di gi tal audignal Prosesiobhi n a menory devi ce associated with a single di g| t al

\?v: ?Eals aipéogieﬁ;f)re af éﬁ?{eéy Ind ai\{lernatwely %o%l%n?; ;glor%orrlrse o se}( d %(e)r\ﬂpggseads aiogltafj‘ audio

file to said single digital signal processor for creation of decompressed audio and
portions of said MIDI file to said single digital signal processor for creation of MIDI
synthesized music; ' '

storing said decompressed digital audio within a first temporary buffer;

storing said MIDI synthesized music within a second temporary buffer; and

combining the contents of said first temporary buffer and said second temporary
buffer to create a composite output including digital audio and MIDI synthesized music.

According to another aspect of the invention there is disclosed an apparatus for
simultaneously outputting digital audio and MIDI synthesized music, said apparatus
comprising:

first memory means for storing a compressed digital audio file;

second memory means for storing a MIDI file;

a single digital signal processor;

_control means for selectively and alternatively coupling said first memory means
to said single digital signal processor for creation of decompressed audio and said second
memory means to said single digital signal processor for creation of MIDI synthesized
music;

first buffer means coupled to said single digital signal processor for temporarily
storing of decompressed audio;

second buffer means coupled to said single digital signal processor for
temporarily storing MIDI synthesized music; and

additive mixer means coupled to said first buffer means and said second buffer
means for creating a composite output including digital audio and MIDI synthesized

music.



skgnal * processor; selectively and alternatively coupling portions of said
conpressed digital audio file to said single digital sigaat—proecesseor—for--
creation of deconpressed audio and portions of said MH REPLH LorEAISHEET l
single digital signal processor for creation of MD syhthesgjze i
storing said deconpressed digital audio Within a first te:npaz.ﬁAer g
storing said MDI synthesized nusic within a second ter —y—-bﬁFf—'f—EF:i:Hd
conbi ni ng the contents of sal d first tenporary buffer and said second

t enpor ary EBrdddescription ot § EAWAN88i t e out put including digital audio and
M DI- synt hesi zed _nusi c

digital audio an(fIWE)I ﬁﬁtm%‘éﬁ Qggrﬁtﬁ?%dﬁ&gé‘?taﬁl ggslt‘%lgn‘gﬁlgﬁ pay %gt}’rtﬁﬁ%q to

i ncl udi ng the ste C i sai.d ¢ osite .ou toadlgltal-to anal og
convert er . plement g ?fg?(ﬂﬁlb‘{]g%a %ﬂf&g%ﬁu@ ‘8&‘&‘}1“ of digital audio and
MD synt hes' Zedlﬁ?@{g?"z 1@%09{8' k dfhe Faﬂn%lf% i0 Jdﬁh{eﬁl%mbﬁ‘ﬁicﬂﬂiek‘% falSdi

coupl i ng an outp sai d to-anal og cohverter to an audro ou u
devi ce. o G IiiER ﬁé)ﬁtlﬁdeﬁltbtlﬂi%%ibb‘ht% Risthodf ardi sppasdrusiofiite ﬁladt/l Di
synt hesi zegr?ﬁfgsl c accolri%(}ng to claim wherein said st erl)ﬁof sel ect]iﬁsel y
and al t er nahyeniby; &upl i ng portions of said conpr essed digital audio file
to said single digital signal

Figure 3 is a high level flow chart and timing diagram of the method and

apparatus of the present invention.
Detailed Description of the I i |
With reference now to the figures and in particular with reference to Figure 1,
there is depicted a block diagram of a computer system 10 which méy be utilised to
implement the method and apparatus of the present invention. As is illustrated, a
computer system 10 is depicted. Computer system 10 may be implemented utilising any
state-of-the-art digital computer system having a suitable digital signal processor
disposed therein which is capable of implementing a MIDI synthesiser. For example,

computer system 10 may be implemented utilising an IBM PS/2



processor for creation of decorrpressed audi o and portions of said MDI _file.
to said single digital signal processor for creation of Bsyn IthT,.%%ET
musi ¢ conprises the step of coupling a selected porti oREZFAGRHM ©

conpressed digital audio file to said si ngl e digital si jnal prfqeﬁmgrﬁiﬁti
] @ o :.,..-...‘r- E...E...]-.E....I,;

a predeternined amount of deconpressed addio is created ae

for sinmultaneous output of digital audio and M DI synt hestzed nusic
according to claim1l, wherein said step of selectively and alternatively
coupling portions of said conpressed oééﬂw audio file to said single

digital signal processor fo reatjon.of, deconpresse udi o and portj of
said MDI file td-sai d%ifﬂi}\[‘%‘f cffe’f;i %|S“§P%§P“5pr°b%’§s%r dregtal andiay bpg MEDI) o
synt hesi ze R ses._ . . f i . sel ed portiopn of said
WD i1 e unuaedCRiRE o9 bl AR sfnalpigRess0 RighFrPol SeRsin e Hea’
amount of digitally synthesized nmusic is created. 6. An apparatus for
si mul t aneous| y outputting digital audio and MD synthesized nusic, said
appar at us conpri sioihg 4 ¢dnSpreseaaigital a6 filOwithind mefhody BV £i36&E8ed vty &
audio file; second nmenory neans for storing a MDI file; _

single digital signal processor;

storing a MIDI file within a memory device associated with said single digital

signal processor;

| selectively and alternatively coupling portions of said compressed digital audio
file to said single digital signal processor for éreaﬁon of decompressed audio and
portions of said MIDI file to said single digital signal processor for c;;éation of MIDI
synthesized music;

storing said decompressed digital audio within a first temporary buffer;

storing said MIDI synthesized music within a second temporary buffer; and

combining the contents of said first temporary buffer and said second temporary
buffer to create a composite output including digital audio and MIDI synthesized music.

2. The method for simultaneous output of digital audio and MIDI
synthesized music according to claim 1, further includiné the step of coupling said
composite output to a digital-to-analog converter.

3. The hethod for simultaneous output of digital audio and MIDI
synthesized music according to claim 2, further including the step of coupling an output
of said digital-to-analog converter to an audio output device.

4, The method for simultaneous output of digital audio and MIDI
synthesized music according to claim 1, wherein said step of selectively and alternatively
coupling portions of said compressed digital audio file to said single digital signal
processor for creation of decompressed audio and portions of said MIDI file to said

single digital signal processor for creation of MIDI synthesized music comprises the step

Ay



assingle digital signal processor; control neans for selectively and
alternatively coupling said first nmenory neans to said sin
signal processor for creation of deconpressed audi o and saldR§8E%hﬁm ﬁﬁﬂg
neans to said single digital signal procegsor for creation} f NID ? MAR'197 I
synt hesi zed nusic; first buffer neans codaled to said S|ngle DRiegit'al signglt
processor for tenporarily storing of deconpressed audi o; second buffer
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musi ¢ accordi ng to claim6, turther 1nc I'ng a anal og converIt er
14 synthesized music according to claim 1, wherein said step of selectively and alternatively

coupling portions of said compressed digital audio file to said single digital signal
processor for creation of decompressed audio and portions of said MIDI file to said
single digital signal processor for creation of MIDI synthesized music comprises the step
of coupling a selected portion of said MIDI file to said single digital signal processor
until a predetermined amount of digitally synthesized music is created.

6. An apparatus for simultaneously outputting digital audlo and MIDI
synthesized music, said apparatus comprising:

first memory means for storing a compressed digital audio file;

second memory means for storing a MIDI file;

a single digital signal processor;

control means for selectively and alternatively coupling said first memory means
to said single digital signal processor for creation of decompressed audio and said second
memory means to said single digital signal processor for creation of MIDI synthesized
music;

first buffer means coupled to said single digital signal processor for temporarily
storing of decompresééd audio;

second buffer means coupled to said single digital signal processor for
temporarily storing MIDI synthesized music; and

additive mixer means coupled to said first buffer means and said second buffer
means for creating a composite output including digital audio and MIDI synthesized
music.

7. The apparatus for simultaneously outputting digital audio-and MIDI

synthesized music according to claim 6, further including a digital-to-analog converter
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ceupl'ed to said additive nixer means for converting.sal
to an anal og signal. 8. The apparatus for simuhitassoust

digital audio and M DI synthesized nmusic accordi ng tjo cIa
i ncl udi ng audi o output neans coupled to ﬁ?ld di gi tal
for outputting said analog signal. 11111711 11111111

coupled to said additive mixer means for converting said composite output to an analog
signal.

8. The apparatus for simultaneously outputting digital audio and MIDI
synthesized music according to claim 7, further including audio output means coupled to

said digital-to-analog converter for outputting said analog signal.
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