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METHOD FOR TRANSM TTI NG MULTI RESOLUTI ON AUDI O S| GNALS IN A
RADI O FREQUFMNGR/1688AVMVUNI CATI ON SYSTEM pCTUSYHsEi2D OF
THE | NVENTI ON The present invention relates to wireless

comuni cat i oMEYHODFOCRIRANSMIPRING MURTIRESOLYTIEONAUDIO SIGKASS tti ng

mul tiresol uti on auqnoa RADRD FREQUENSY COMMISNICLTION Sy SV frequency
comuni cati on system BACKGROUND OF THE | NVENTI ON

In current technology, a radio frequency conmunication systemfollow ng a
specific standard i s governed gé g SE: E 6gg|ﬁ jransm ssion rate. A

typi cal maxi nrum audi o transm order of 64,000 bits per
second (64 Kkbps) which corresponds to high fidelity audi o. However,
transm ssi on dheapaisent snyprdios relatésiitb wistless eqminmnescatian gpstentsaand anorent
of' resources in terns of power and spectrum Thus, full rate audio

tr ansmi SSLARUIFIIES o ARhEE of tERsiBhgaRRIi-EAILISS auBiS RigRISR Mireless

cel l ul ar "comuni’cat i ons but 1s nore SUI ted to wreline comrunication

syst ens ar hi BO PI irective mcro st where these paraneters are
not as cfY 5cgg|m radio reRne R r T O™ 'Pnns@fﬁ 8% cel I ul ar communi cati on
systems, the predoni nant use is for voice communication such as
conversati ons between par tB& ROUN EHINVENTIGN: sinpl e voice
comuni cation, high fidelity audlo I s not crltlcal for efficient

comruni cat i onin Baerehtt@shsibgy,Sa cagpbireqeéndli se@minicatndsgstehgfsllowind a
much | ovver resolution. In these instances, audio transm ssion rates on the

or der of 5p3oB0ABISPR gBEERRY b7 2 a@@gﬂ%&@f Y diisbd il nta ayflka)

qual ity e parties nmuni cat1 on at thi evel
e Sl S ER bt MRS a5, She PR SHactnSk SRBEL B er LBt (e
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kbps) which corresponds to high fidelity audio. However, transmission of audio

signals at full rate requires a significant amount of resources in terms of power and
spectrum. Thus, full rate audio transmission is not cost-efficient for applications
such as mobile cellular communications, but is more suited to wireline
communication systems or high-power directive microwave links where these
parameters are not as critical.

In addition, for mabile cellular communication systems, the predominant use
is for voice communication such as conversations between parties via
radiotelephones. For simple voice communication, high fidelity audio is not critical
for efficient communication. The human ear is capable of discerning audio signals at
much lower resolution. In these instances, audio transmission rates on the order of
3,200 bits per second (3.2 kbps) may provide sufficient audio quality for the parties
to the conversation. Communication at this level results in significant conservation

of power and spectrum resources for the communication system. However, there
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exanpl e, Wissshessymusi cal recording nust be transmtted. Tll;@rng%qm(ﬁgs lies
in that the audio transmission rate is determ ned when the audio signal is

coded and the.codin Vi Ce. | N . 1,0 ' .

i ngl e BTOHAT RN WEHE Rl et B fhuret (F HBrifF. *hgfa fisita
conservation of power and spectrumresources at a |ow transm ssion rate

and pr oveerAigganusicee easMmitted:d e pealemsi ligs indhatieeAudie Fansarssien &tRi gh
transm ssion rate. Therefore, a systemis needed to elimnate ._l'hl S

t r ade- ofd defeeméiad whee thesnldid sigmabdis tddediandithy cotlimndevide dysicalhals set
transmtted via radio frequency comrunication systens can be varied by the

users t%\%@% tﬁ@eﬁbﬁéﬁﬁgiaggigéLeﬁ?ﬁedetermined rate. Thus, there exists aXrh@dGK OF

THE | NVI Invention relates to a nethod for
transmtting multirespluti.on audip signals via wireless devices.in radi o .
fr equen&??l%%qﬂrﬁﬂ?%%{f’faﬁﬂn &f FoNE" and spe I SEFRH Rty aﬁ?e@‘%&@@?@fssf% Fﬁ%ﬁques

to deconpose an audio signal. The _decongésed original signal includes a
base si gndl provwigingsant iangeptabld awslia resesdpat torthef systenvrysgrnat @i lyohl |
and one or nore signal details which, when added to the base signal,

provi detraRsipatd M eatb € VHetefre f £ 804tBHI Bhected tataliniihatenidRad&bff Wheeby Of
resolution into which the audio 1s deconposed may be determ ned by the

resol ut | L % 5 S O ' r Wi i | ; tifdci ;
| ont at V20 s Qo RO of i ablc sfthll YansHindd A [ddic! quency
After establishing a communi cation Ea nel, the base signal,is transmtted
fo  t heCOMMUNIFRGY SYSIEMErRAN berkerien BY 16 MsemsIPIReaReCTitcT tHaBeMfeans f or
Incrementing the resolution of the signal by sending requests for

additional signal detail to the audio transmtting unit. Additional signal
details are then conbined with the previous

2 SUMMARY OF THE INVENTION

The present invention relates to a method for transmitting multiresolution
audio signals via wireless devices in a radio frequency communication system.

This method uses wavelet techniques to decompose an audio signal. The
decomposed original signal includes a base signal, representing the lowest
resolution of the original signal, and one or more signal details which, when added to
the base signal, provide increasing levels of resolution. The maximum number of

. levels of resolution into which the audio is decomposed may be determined by the
resolution limits of the audio transmitting unit or by artificial limitation on the audio
transmitting unit by the transmitting party.

After establishing a communication channel, the base signal is transmitted to
the audio receiving unit. The audio receiving unit includes means for incrementing
the resolution of the signal by sending requests for additional signal detail to the

audio transmitting unit. Additional signal details are then combined with the previous

2
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create anygWghgssi gnal of higher resolution. The higher riggbdstasmiz audio
signal is then transmtted to the audio receiving unit. The audio

Lo Ve B oA Lt i on Bl 1

Each ti I’'on etail wth the pre

| evel of resolutiont rovi de a new audi o s of _hi gher u n.
One. advBEEHESAH RS onpBLY sfgertrﬁeolaﬁa?euglogﬂsngﬂ oS Hareried S s ahdB,
resolution is that only the |evel of resolution necessary to provide

agr eeablegeiyireg iunjt. @he audielrecegivingl uniy mdy sérd andltiplestagieisty fort additianalt ed.
For exanple, audio signals such as an ordinary voice conversation may only

requir esn@ﬁal' c'i’ét%ﬂéreql}aﬁl'ﬁtlﬁb ltKéNaHéYéhapétgnéﬂtﬂhtall 34 gBMbineRp Wathtth@rpr’emdms
Entelligrbl e Bandw d and power are saved transmtting a | ower

"o be cPPRLTTSEBLARN tﬁ@rswﬁsoaa'i%”‘@dﬁé'g‘é%"@*9@%&8&?%@ he communi cati o,

In such cases, the receiving party can request higher IeveIs of
resol uti on. One advaniagedguiecumpesiag tbe audie|sign dnf@aﬁ‘%@“ﬁﬁfaér'ﬁ’fﬂﬁcpfby
either party to the comunication or by the resolution limts of the

comuni eabiwidndethaesnly fRepieeskestt misbltioapedesaaiyotnspmivideh agresabte ptialityc| ude
transm ssi on of audi o si gnal s fromhand-held cellular radio devices or

from Comﬁgeﬂb ‘ﬁlt | AYRE Sud Q@EEPQ tYéx%n%Rgd' rﬁd?ré)éﬁ?pléoaﬁdlﬁaﬁgnél@@ch

ces. ere can be seen that the maln advant age

adio ?a%”‘ébﬂc?rdeyw%hm??ﬁ cBpveRaLga ren SR BoBFo TOeTHENRLERE 15F BRI

devices to determ ne the optimal |evel of resolution necessary to suit

t heir nawdle. signal resolution to be intelligible. Bandwidth and power arg saved by
transmitting a lower resolution. Some audio, such as musical works, may require
high resolution to be effective for the purposes of the party receiving the
communication. In such cases, the receiving party can request higher levels of
resolution.

The required level of resolution can be determined by either party to the
communication or by the resolution limits of the communication devices.
Representative applications of this concept include transmission of audio signals
from hand-held cellular radio devices or from compact disc players connected via an
interface to a hand-held cellular radio devices. Therefore, it can be seen that the
main advantage of this method will be to lessen the power and spectrum

requirements of radio frequency communication system while allowing the users of

the devices to determine the optimal level of resolution necessary to suit their needs.
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Figure 1 i W sﬁg&ﬁral bl ock diagram of the system confi gural;d'ﬁfggggl%@;sary
enen nt i

for the inp ation of the systemand method of the prese i'nvention.

Figure 2 is a block dia ydi o ansSoitt |t of the system
and net hodol ogy enbodi gﬁ@f—bﬁé@—@s ,j-'-'-i!:‘- Figure 3 is a
bl ock di agram of the audio receiving unit of the systemand nethodol ogy
enbodi ed by t Hagieet éha gamesalthlock diagram of thgsystem cenfiguration deegssary for

illustrating the operation of the audio transmtting wunit of t'he present

i nvent i onhe implemerith8oi of thd Systerl O ReBIPOT thelpisédrittinvhtione oper ati on of
the audio receiving unit of the present invention.

DETAI LED DESCH}: . I F,qu : £l 1,Ngs,
Firgure 1 shogrs?hgwg%% Erg?s'é}élda%/ on égﬂlmeoau?'roarrlsénﬁélgtfﬁmg@gtftet%ts&gtc??’ég'\wgd
generally by the nuneral, . The basic elenents of the multiresolution
audi o t réﬂ%%\ogg OgN eépé?@ﬁé%)’ thedrasertdaventionansmitting unit generally
nunbered as 20, an audio receiving unit generally nunbered as 70, and a
comuni cat i onFigwei 3 i&14 hiockv diigngmaot therandivateaensng iumit bk thee sgstehe amddi o
transmtting unit 20 and the audio receiving unit 70. Figure 2 shows

the audi gnéthaasiBgytdriBodiBl thydfeiglegiftdtintidat ai | . The audio transmitting
unit 20 basi cal conprises an audi o processing unit 30, an audio quality

. Ly . . . ! 4!
Codes the  audigBrnif = R seaRL RE-E s BhEETRR SR it ¥

resol ution, and encodes transm ssion rate and error protection paraneters
bef ore t WBtAfdARPresent inyaiont ed to
4

Figure 5 is a flow diagram illustrating the operation of the audio receiving unit

of the present invention.

'‘DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, Figure 1 shows the multiresolution audio
transmission system, indicated generally by the numeral 10. The basic elements of
the multiresolution audio transmission system 10 are an audio transmitting unit
generally numbered as 20, an audio receiving unit generally numbered as 70, and a
communications media 110 providing a communications link between the audio
transmitting unit 20 and the audio receiving unit 70.

Figure 2 shows the audio transmitting unit 20 in greater detail. The audio
transmitting unit 20 basically comprises an audio processing unit 30, an audio quality
control unit 50, and a display 65. The audio processing unit 30 digitally codes the
audio input, decomposes the signal, selects the level of resolution, and encodes

transmission rate and error protection parameters before the signal is transmitted to

4
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50 enabl eswoisthieas1t he transmitting party or the receiving peavesp7assiz

i ncrease the level of the quality of the audio transm ssion. The | evel of

audi 0 quiNe BMdRr récePRhygtiurin 70s etheYaddie q’mltwcoﬁmmsm 50 agauesten%rfmé the
audio transm ssion is indicated on the display 65 The audi o

processi

G gitai emfBling ek LM AT rgéhaﬁ**@ﬁafh&?&i%%é%!é%z@ie PRI ot 0o
unit 38, a _ code rate selector rmdule 40, an unequal error protection @
modul e 42udig gagtaIssibnb] i develnpf audio aHality or mwttqwsnadhy dheeaudip
audio signal is input intb the audio transmitting unit 20 via an audio

| nput detramemiihg Anit 20dioe thenpudiodmnsodssian isvimdidated gedeahe fdispiax86pl e, a
m'cr ophone, a piezo-electric transducer, or an audio playback device such

as a tape recprdefy ?fspﬁ]c%%ﬁ?q}mtdé@ﬁ)cﬁl@ée%n au 4% 1?}?948’&7%@%%%@&3?5%40-

converter 34 conver e vorce S|gna girtal form

signal i t hen coded, by coder, 36 to co ress

i onal . SaEabERR 26e e sard Sodraftc s deds o tinuari: 18 Rops
audi o signal. The output of the full- rate signal coder 36 is deconposed

by the swiaalra*@e@etﬁ@w masivlei®; 88 uneruak egieal protestionpowiduie 2 ra tsigsal
deconposes the full rate audio signal into a lowrate (coarse) base audio

si gnal afshnBiny ehR 44)camienirahsrhigtée insodifle 4@n@n dediai signdihie inpanaltodagai |
i ncreases at each |evel such that the addition of levels to the base si gnal

i ncreaseg, 4 EI ng Hgt nzgj’vﬂ% amﬁloo npUP Glel/fiRuUSS | %%ﬁ@[&[ﬁgﬂﬁ#g@ﬂ??

signal by a I 'ncr easi ng PHS transm ssion ra

rate audi o Si be deconposed, for exanp usi ng wavel et )
t echni qJ@EydPngaﬁe?gpﬁ?‘%ng’ala FUESRHOEE ?oﬂ‘%@ﬁé‘?@gc tr aél?@h‘%?rét‘%% gjdio

wel | -known to those skilled in the art and therefore are not described
her ei n. Maybackrdewcdesunihl asl actapearspidat wfa wanylast disscpiayguekhe spelcg-16-
Mal | at, A Theory for Miultiresol ution Signal Deconposition: The Wavel et
S digital converter 34 converts the voice signal to a digital form. The digital signal is
then coded by the fuli-rate signal coder 36 to compress the signal. The output of the
full-rate signal coder 36 is a standard 13 kbps audio signal. The output of the full-
rate signal coder 36 is decomposed by the signal decomposition unit 38. The signal
decomposition unit 38 decomposes the full rate audio signal into a low rate (coarse)
base audio signal and discrete incremental levels of signal detail. The signal detail
increases at each level such that the addition of levels to the base signal increases
the resolution or quality of the resulting transmitted audio signal by adding detail and
increasing the transmission rate. The full rate audio signal may be decomposed, for
example, by using wavelet techniques or other pyramidal decomposition schemes.
Such methods are well-known to those skilled in the art and therefore are not

described herein. For a more detailed explanation of wavelet techniques, see S.G.

Mallat, A Theory for Multiresolution Signal Decomposition: The Wavelet

5

SUBSTITUTE SHEET (RULE 26)



WD 98/ 16081
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Machi ne | niye)dsjiggpce, Vvol. 11, no. 7, pp. 674-693 (July, ]P‘a_ﬁ\msg-,,mwh is
i ncorporated herein by reference. The code rate sel ector nodul

determ '%r\é@éﬁﬁtlﬁhgr@tﬁ T%n‘%é&ﬂlon%ﬁrFsitterQ[RﬁéI%sxs Qﬂd?rl\ﬂ;lcﬁlﬁ’e Wﬁt%ﬁl eheel he

unequal nodul e for channel Coding. The S|gna conblnlng

unit 44 c nes the b al or .signal det ai fter

codi ng. "‘ﬂﬂreTP 7% n‘?‘?t@f‘fﬁééﬁp lyﬂfgggé t‘%"lcroé‘?l@'ﬁhd ﬁﬁE\Q‘réL?éfl '@?%reﬂﬁgl at
a selected resolution to a renotely Iocated audi o receiving unit 70.

The audilhegoede ratecssiector matdule 30 daiatmioes whigh signals. & Desglz-uDio.ot@ pass
transmtted by the audio transmtting unit 20. The audio quality control

unit 50 thitké Weegual &L6LpiREctionmoleledd f&r cheinael esdiagNtThel sighalcdbmisintgunt er
56, and an local control device 58. The receiver nodul e 52 receives and

demodul gfas,5| 'Px%ngZﬂé'bd's%qéﬁ tsﬂfftélﬁms & dRHisO aﬁ&CSﬁ%ﬁEqnd(?@Irﬁr%7Q'heThe

sel ect or COI’]t r I"er I'OCGSS tramsm ssion request a tructs

t he code rate sel ect m)dule 40 to pass the, appropriate detail nal s
baseq i ARSTHEST ERGLLA 46 Thises tntienshy thaiavdia REng Buaselsied soldiah o

nunber of details transmtted by the image transmtting unit 20. | ncom ng
r equest | renuotetyr lanatedsaudio red¢eividdiunitoftal si gnal details, also referred to
herein as transm ssion requests, are directed through the receiver nodul e

52. The code T 8,8l REIG cofduln® sPcoSirdIS ehk fiverst RbolRidnnpdrRasiaeh

| evel of sound quality by adding the requested additional signal details

e aqarit avchr vabBRes i 2FenduBh BualihGoRl e R aliclfleBE Fedvd G,

signal transm ssion for each detail. 1In general, the higher the signal
transmi R9HHe % & seleetey; Q‘Pn%tfo’lelﬁes"ql?app't'?febfsst I'?é‘dt?%r{%ﬁ’ﬁ't‘i%@mélﬁ’@v@e 2 the

same tinme that signal details are added, the counter nodule 56 is al so

updat ed The remeitestimoduleub? reteivbe andt démbeuiates sifjnai detil rkeguasis fnsmdthieor

t he audi o transm ssion. 6
audio receiving unit 70. The selector controller 54 processes the transmission
request and instructs the code rate selector module 40 to pass the appropriate detail
signals based upon the request. The counter 56 maintains a count of {he total
number of details transmitted by the image transmitting unit 20. Incoming requests
for transmission of additional signal details, also referred to herein as transmission
requests, are directed through the receiver module 52. The code rate selector
module 40 is then directed to increase the level of sound quality by adding the
requested additional signal details to the existing signal. The resolution of the signal
is increaéed since the addition of details includes a corresponding increase in the
rate of signal transmission for each detail. In general, the higher the signal
transmission rate, the higher the quality of the transmitted audio. At the same time

that signal details are added, the counter module 56 is also updated to maintain

count of the total levels of signal detail used for the audio transmission.

6
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wi thout finedogrmas ving a transm ssion request fromthe augc@mssntsoyy NO
unit 70. This would be acconplished by a local control device 58

i ncor porated ¥Ré Qewﬁoﬁng&uhéﬁr}ﬁ télh@%é‘ﬁhére?r%rﬁ@&j wissUtr flst 66O

man- nachi ne i nterface such ke connected to the audio trans ttlng
unit 20.,1n such instan

Loul o ke mef%ge&fﬁ%ireoﬁu 'ﬁrereg%'afn(@eﬁgﬁg SRR G Tt s

in response to a verbal request fromthe user of the audio receiving unit
70. The kyvd@elacal €onyel sisvine 48 neerperatedninindhe auglie Heanseylingt Lol 20 anfe
audi o signal transmtted to the audio receiving unit 70 by addi ng signal

det ai | s egritrdlledr R ptand-hexdhirfitesac®BUERles a kéypdd sosnddted itonthel udibder
to maintain the resolution level indicated to both parties to the

conver saf Olrtl‘lrfﬁjgxrnzfsﬁ(?()']ncﬁﬁzﬂdxn\éﬁ etshﬁ'fe%]ﬁgﬁ ttﬁ&%u?%i‘tr%%hﬁt%ﬁb%t‘?ﬂ,{ he

notify an ‘he 'count er e au 0 Tecelving un
resol uti on Ievel of the sig e audi o, receiv nit 70, shown
in Fi gur%mé IRGIRBPE e '%Sql‘éft‘ﬁb?ﬁ b8 audie S@c’i’a’ an@d Ql‘f‘gaﬁ'&f’ﬁl ﬁ%‘éﬂ?ﬂ'&xr%}%@?i ng

unit 90. The reception unit 80 receives the audio signal and converts the
si gnal tio anvesbdi cequespftomithehuses dfethedabgiot teceivingiunitng0. pahe ycodeThate
reception unit 80 includes a receiver nodule 82, an audi o signal processor

84, and gdlecdfly0 Wﬁulﬂ%eﬁ%br‘é@s@@he rérﬂﬂuf W@fﬂ@a@@'x@'@ ﬁél@kﬁﬁsrhﬁted to the
denodul ated by the recei ver nodul e . The denodul at ed signal iIs then

g6 to- geiaraceiE i Fes. 031{*@05%%‘) abteib o IRGieaSocte tﬂa%ﬁﬁ% BBhagRini ¢

90 aIIovvs the receiving party to make an initial request to

t ransni tinithls pitatipns dn l@é@@"nmt mairdaigi thetreaakiips devr . indicatgdste Eﬁ*@bpé@eﬁ He
receiving party to send requests for signal details if the received sound
qual i ty the conversation, information coded with the transmitted audio signal would notify

and/or update the counter 96 in the audio receiving unit 70 to the resolution leve! of
the signal.

The audio receiving unit 70, shown in Figure 3, comprises a reception unit 80
and an audio quality adjusting unit 80. The reception unit 80 receives the audio
signal and converts the signal to an audio output which is heard by the receiving
party. The reception unit 80 includes a receiver module 82, an audio signal
processor 84, and an audio output device 86. The received audio signal is
demodulated by the receiver module 82. The demodulated signal is then decoded
by the audio signal processor 84 and applied to the output device 86 to generate an
audible signat.

The audio quality adjusting unit 90 allows the receiving party to make an initial
request to the transmitting party to begin the audio transmission. It also enables the

receiving party to send requests for signal details if the received sound quality is

~w - - »
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a audio qu@bbg,gm gentrol device 92, a timer 94, a counter gefljﬁg&(lggn

di splay 98, and a transmitter nodule 100. The audi 0 qual i

trol 2 |
ot o fEUrERnE Thie Afflo Ui BERA Bt 0 Plelldeda udiY %uahsd'c%n%gna
o Dt BT RLLBE RO, SR tg;g fib i SNt

transm ssion of any requests for signal details so that rrultl pl e presses
of the bWdG.on 92 can be accunulated and sent as a single request. The
counter nodul e 96 keeps a count of the nunmber of transm ssion requests

sent to the a‘Hﬁ’é@qu@&%‘ﬂthbHﬁoHd’é\hc@@z E*E@edﬁ@ﬁ@érﬁ?ﬂém th@‘f@éo(@f ot BEthe
received audi o si gna is indicated on the display 98.

conmuni cat [.ons 110 .1y

whi ch t i&” %cﬁ'%n? r aﬂ'g'ﬁl ?W'ﬂgqlfﬁ*&ftcggtrépﬁg{fg%c% i‘%a WBL e?‘%@’pak%}dfgﬁgﬂg%l Vi ng
unit 70. While the neans of conmunication is not unique to the present

i nvent i dish-putiery Rusing &he SYHAN 2 ARYEESaE tansatissian redded @r@%tﬁ?ﬁéyla
infrared, or mcrowave. Subclasses to the neans of communi cation may be
any chartheltsangmiitter anadule ddiOc aTlea timer Specuded to delay the ttdresnoissionnofcarty on
between the audio transmitting unit 20 and the audio receiving unit 70. In

the pre%ahegt@vgﬁ}t a?]ét%ﬁé %d HRGHIRGHpIeTBRSEST of ARBUBLAGY | 89 dah be

assuned e transm ssion sys em of the present i nvention, an
audi o si gna rst di |taII cod nd t hen de d usin

exanp! o ST dtaereénﬁ?a&?e%g it Yo irE THR o Bt R untff
signal details Dlerr], Derr], Dierr]. The signal details Derr],

D err], .the mymbe( of Afansmessind reauest setity hecawdp deansmmitting Héftb%pse Tshegna|
S[err], coded at a base transmission rate, R err], to provide increasing

| evel s aksoutibh tigvediof the revsiiedl sudioaignal is indicated on the display 98.
8

(

The communications media 110 illustrated in Figure 1 comprises the means
by which the audio transmitting unit 20 communicates with the audio receiving unit
70. While the means of communication is not unique to the present invention, it may
comprise such methods as wireline, radio frequency, infrared, or microwave.
Subclasses to the means of communication may be any channels which are
dedicated for specific roles in the communication between the audio transmitting unit
20 and the audio receiving unit 70. In the present invention, a radio frequency
means of communication is assumed.

To use the transmission system of the present invention, an audio signal S is
first digitally coded and then decomposed using, for example, wavelet techniques
into a base signal S, and a series of signal details D,, D,,...D,. The signal details
D,, D,,...D, can then be sequentially recombined with the base signal S,, coded at a

base transmission rate, R,, to provide increasing levels of quality of the audio signal

> *
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S[err] contwmssheosrt h D err] would provide an audi o signal péreRernisorz
resol ution | evel above the base signal. This signal would have a

cor r espoatlintgesding PattsabdighalaPsiBnission. Rircexdrbeer §, combined Iwth B ®buld
conbined with Derr] and D?err] woul d provide a audi 0 signal of two

resol uti ﬁFb\Jrr?é( %lnsal?@ %néléf 56? ?e%gﬁ'&% tery}@'r I Yh A8 aMRY; QPEF‘V? s@i‘lg' 0

si gnal ansni ssi on I's great er
Following this concept S[err] combined with Dierr|] [[%[t fl err]
woul d pr H@U: Weal?dlc@”'ﬁsaﬁaﬁmﬂr ﬁHd'Phé'Qrﬁ‘iabHé%’IS”é!\?%'PPa vel SE’F' arly, S,

resolution corresponding to the original audio signal. Thus, accordingly,
t he hi ghesmbiredWwithfD, amd 0, viouth pravide almidio aigswal of b e&sdmmmiegbssabm e
of transm ssion, R, corresponding to high fidelity audio. Not e
that duesdphde shindl aTRf f&l:tasl M8 %206 arnhéudmlstqrraqe%hsmrﬁbﬁ FARBS R, SHhefe

system 10, the bdase srgn e nost I nportan atalnarrutlresolutlon
audio t nsm SSj 0 ance, of the nal hat i, t

the f ounBacs GHEISnNafReh EQIUERIARE SPiient Jerntire i Doncoati e i ¢
I's necessarﬁtto preserve the |ntegr|ty of this data upon transm ssion. For
t he sanewogltsgrrovidee drovadio esighsl ofith shgnhighest aavailehia layel aidesolwionhe
base signal to inprove the resolution are nore inportant than the higher

| evel fi perrésgmadingabahbsorigifgisaudio @Lﬂl@&lt | PRus, CacstBdiBgiynghe pigigsstsievalebly
faster signal transm ssion rates as the requested resol uti on i ncreases,

th | t
prat oot S WOUPHE e hRRETLF e Robkey A BERRARRSR Hf St onding

t ) t Th b | dth t
'p?‘35’2C?P&?h%&cr‘%&%agé’lgﬁzt‘ﬂefa. e a3 D er f] s assigned a

decreasing |level of error protection. This process of assigning error
prot ection t oNote tbatrpuretot theohierawehnadinatwiegnhithe siuliyeselitioncganrsmissioor
WD 98/ 16081

PCT/ US974yS184Y 10P I a5eideOBigRBH id Thee RE&SI Sfhd ottap@ Wlaitd OO Memtire¥oiltitd audico

signal prior to conbining
transmission. The importance of the base signal lies in that it is the foundation upon
which subsequent signal details are added. As such, it is necessary to preserve the
integrity of this data upon transmission. For the same reason, the lower levels of
signal detail that are added to the base signatl to improve the resolution are more
important than the higher level fine signal details. Thus, in addition to assigning
progressively faster signal transmission rates as the requested resolution increases,
the multiresolution audio transmission system assigns varying error protection to the
components of the signal based on the relative importance of those components.
The base signal is assigned the most error protection and each signal detail from

D1...Dy is assigned a decreasing level of error protection. This process of assigning

error protection to the components of the audio signal is termed unequal error
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t he conponents for transm ssion. After the original audio signal is
deconposed, the audio transmtting unit 20 determ nes the nunber of |evels

of the signgloydisedy Wi !l be transmtted to the audio receiyj I 0.
When a transrﬁysy;ll on request is received fromthe audio recei%ﬁt})ﬁéﬂlg 70,

the aua BOSRRA A BobrtRidea 1 SRR ibh 280 Aol SoR SR Bt fing”

response to the initial transm ssion request. This signal is nost often an
order of tHEgRMARNENEHHATItEaNSMIBYANt he original signal. The initial audio '
signal, however, may al so conprise the base signal and one or nore signal
details. |In sukfterctheegridihal badie signpidé decdmplosed sthec atidiodtransmitingtingi2dnal
details are selected by the rate code selector nodule 40 prior to

transnms asc?é?érmines the nuMbdPbi8edas &flthé Sidra Wrﬁ@tdwfut e tfé?%hﬂit@d“t? &7 288 1Rd

addi tion transm ssion requests (in real tinme) for nore details. For each

by di r oot PREVIRGU bR b &P asmSRpTaRlSsln T di it I hudB GERRRE™

signal detail which is sent to the audio receiving unit 70. Thus, after
the ori giunl 7Qdbe usigtiansmitieg upiBesesPends by sepgna thaceyifsied taveholihe
38, the full resolution of the signal (the base signal and all detail

| evel s upaudio tsighal rRxd mUusdiElye londf thiebase sirial dn trarsmittediin addporiserto the
transm ssion to the audio receiving unit 70. Subsequently, the code rate

sel ect or iH@gWrQnégisgﬁrFrﬁ%eﬁt." Yﬂﬂs}’s‘?&énal"i@in%t%fﬂeﬂ"‘ﬁn B%%f#f{?ﬁa?ﬁﬂ%%s xﬁgllérevfl

of signal detarl to pass roug transm ssi on. t1onal signa
details e requested, .the "yal ve.. ens .further to allow nore signa

ot ai | 5 (BERAGS THRATRIHOMTr | ReripER0as sita) Bobever. maliafp comiriacke
the rate of signal transm ssion also increases. The result is

10 base signal and one or more siguBSTERIFE ISISEET ¢amelL Ethe pse signal andpibe

98/ 16081 PCT/ US97/ 18012
i mpr oved speswiedtiumber of bignaldétails iagnaklechid by thé eateestlesselbctde raddulane

det er m ned,
prior to transmission.

If more detail is required, the recipient can send additional transmission
requests (in real time) for more details. For each additional transmission request,
the audio transmitting unit 20 responds by directing the code rate selector module
40 to increase the level of signal detail which is sent to the audio receiving unit 70.
Thus, after the original audio signal is decomposed at the signal decomposition unit
38, the full resolution of the signal (the base signal and all detail levels up to the
maximum level of decomposition) are available for transmission to the audio
receiving unit 70. Subsequently, the code rate selector module 40 acts as a "valve”
which allows only the requested level of signal detail to pass through for
transmission. When additional signal details are requested, the “valve” opens

further to allow more signal details to pass through. Furthermore, as the level of

detail increases, the rate of signal transmission also increases. The resuit is
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unequal error protection is assigned to each |level of the signal. However,
prior to transm ssion, the audio signal details are reconbined with the
base si gndWO&8/t608hy previ ously added signal details such tcarusauseafi ed
signal is transmtted. If a request for nultiple signal details is

recei veiinprpvebereaotlitiont sfatienatidiongignal. t ARer thddeveid of eltitain dire giatemiiaed of
signal details are added to the existing |level of resolution, allowng a
hi gher LY arst ] : ha SEY; t he
audi o 1 FiagaeoapRiobRyb R abagReh kb Pach Iguel of tFChBnal SHAMREtiBforlo 1e

<1 gnal < PAEPYsSiRR 158 SUilo SRTRINBT Hif SComRIGEY WL A5, Slahag and By

radi ot el ephone communi cation system woul d be where the user of the audio
t ransm pravieusiniadded signajgiedais sweaht thiah asunified sigea! iscirapsoittedn uirdeeguest o
the device. As a result, only <callers fromthose specific tel ephone

‘nunber sfai kUil QigrRFelytiaNg idNiréSeivéd ol the Ravp ftiddsniftidg nesolag i g
audi o signal reception capability. Callers fromnunbers other than those

I
ol o r SAEF YRR o A 418 a1 oy Ao S BRRERL Ipvel 1 tBeR P,

of resolution. Here, the blocking of all audio signal transm ssion would
conpr i sallewigga higher owatityrdgnaldo pedvanimittedept i on of audi o signals by

unaut hori zed parties. The transm ssion of only the marginally usabl e base
si gnal to unbotddnatzee uaeriedrithe mayicatransinitieg anitd0magrbes able td gesihatet . On
the ot her hand, transm ssion of any higher level of resolution, such as

t he basgpéé;gélghdm@&g,ﬁrgg Whitd) 78 WHER Woul] be i8N0 E%‘rﬁultiﬁ@%lu%ﬁ@uar‘é set

by the user of the au transmtting unit 20 in order to limt the

transm ssion resol uti.on. The user of .the.audio transmtiing upit 20 ma
det er mi SANSEnathaRATIER: AR EBI% 04ihEy PESRLITIRTPY iy Al dRpote
recei ving party needs and . - 11
WO 98/ 16@@munication system would be where the user of the audio transmitting unit 20

PCT/ US97/ 18012 transmt only that |evel. Therefore, these features wll

assi st paighaims ddreaiseuthotizecdhtelephone numbers into the device. As a result, only
callers from those specific telephone numbers with audio receiving units 70 wouid
have full muitiresolution audio signal reception capability. Callers from numbers
other than those specifically authorized by the user of the audio transmitfing unit 20
would receive either no audio signal or an audio signal at a preset level of resolution.
Here, the blocking of ail audio signal transmission would comprise a security feature
to prevent reception of audio signails by unauthorized parties. The transmission of
only the marginally usable base signhal to unauthorized numbers may also have a
similar security effect. On the other hand, transmission of any higher level of
resolution, such as the base signal combined with a number of signal details, may
also be set by the user of the audio transmitting unit 20 in order to limit the

transmission resolution. The user of the audio transmitting unit 20 may determine

that an intermediate level of resolution is all that the receiving party needs and
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in the optim zation of bandw dth and power paraneters of audio

t ransm ssi on. Referring now to Figures 4 and 5, the operations of
the audio twygm;i ng unit 20 and audio receiving unit 70 %&ﬁ)ﬁﬂ% i n
greater detail. During the caII initiation, each party to t

commun! o RBafEA AR ENERe! "y kb fobBle PRSP ey e,

of establishing the mninumlevel of resolution is indicated by function

bl ock 12017 ﬁ%ﬁ?‘@“@?“%@ﬂbﬁédw&ﬂjh|36dtﬂ%rﬁﬂf@m¢§er§rﬂftauﬁt§) BATSMISAN on bl ock”
150 (Figure 5) for the audio receiving wunit 70. Typically, this |evel

woul d be preseRéeferringt Mow e Figudes 4tarahs nthistdpeyations of2be audib thaesaitting unit
receiving unit 70 by the respective user. If the level specified by each

party is dif{ 80bio r%'&@w"ﬂd‘hﬁ'?“‘fbﬁidet%ﬁd"ﬂ rehigeta! Ebuﬁﬁgttﬁg c'a!irﬁ\ﬁl?t”&

initial pararreter Itron to ettlngamnlrrum evel

| evel ot PRSI A0 0 PABIAAR PR iabls e Ay Veh BT e AR B Be Tor

resolution set by the transmtting party may be Iess t han t he resolutlon
of the or irgnaatittedcsushsag iyl omBesombinachmith Pnprie. | the stemeot pstablishingdhe
I nstance, the audio signal nay have originally been deconposed into a base

si gnal anehisieven leddi bf oasdlusdgnalindledted by flAgtidn alveRi 120 Higuee t4) foputhe
limt the maxinmum available resolution to four additional signal detail s

Accor di ”%Md%o {Pﬁnsr@ﬁﬁﬁé Wnﬂ%d’?ﬁ&@ﬁ&kﬂrpb%%hé@fgﬁgw% é)ofcfr%geaiiﬁicﬁré‘@éﬁh

resolution o ase” sl gha our a si'gna S t he
full resoluti f t he ori gjna . This featur sef ul  where
transm ¢ PG e dyplsaly il vebup Bl Beinestomin e it nsEutt unt Pi
the air tinme required for the audio transm ssion.

12 and e e@dieEEiving unit 70 by the respective user. If the level specified by each

PCT/ US97/ 18012 After the mninmumlevel of resolution has been
est abl i shpdrty aigddifferent, the minimum of the two values would be the limiting initial
parameter.

In addition to setting a minimum level of resolution, the transmitting party may
also be able to specify the maximum level of resolution available to the receiving
party. The maximum level of resolution set by the transmitting party may be less
than the resolution of the original audio signal when initially input into the system.
For instance, the audio signal may have originally been decomposed into a base
signal and seven additional signal details. The transmitting party couid limit the
maximum available resolution to four additional signal details. Accordingly, the
receiving party would only be able to receive a maximum resolution of the base
signal with four additional signal details, not the full resolution of the original signal.

This feature is useful where the transmitting party bears the cost of the

communication and seeks to limit the air time required for the audio transmission.
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transm ssion starts when a transm ssion request is sent fromthe audio
receiving unit 70 to the audio transmtting unit 20 via a dedi cated
control chawoebnéd8C such as the fast associated control chamyahsethgdeiH) or
t he sl ow associ ated control channel (SACCH). Note that a dedicated control
channel DCC npagtepetid i Hiififflich Ollevidle of t FeURMATS| B4s I BEUASlestalili®RedO 8USI0O
signal is sent. As previ ousl y descri bed, the anal og audio SI gnal

i nput th al
by the. aaragen Ry e g Mnadee i RERAGH h@ el Focdbing BE
coded by the full rate si gnal coder .36 at the full transm sSsion l:]ate

avai | abl €0 tethe pediedransuiting woiti2e Wa asedicaled gosifet eanne! REC speh asine
point, the signal is deconposed by the signal deconposition unit 38 into a
base si tastlasabdiated woneo! chasngnFACEHI drstheTblw asbeciatdd sbgtral chaneell s
resulting from the deconposition of the original signal is called the

maxi mm @‘Y‘Eb‘ﬂ]e NURE OFRP S tdeﬁan]atedf %n%r'dﬁagpel [9]6:0 r?\fa dSE ARPREH! fPthkS

determn conmput ati on conpl exity t he audl transmtting unit
20 or it g/be.artlflc%]ajlé wregtedb thetransmttlng party. Once
deconposEaNSPISSIPLIRAIFSHBOCENA #1853 SYudi o signal are sel ectively

transmtted to the audio receiving unit 70 as descri bed herein.
Ref erring nowAs@revigusly descrihed ofperanalegaudiot signaluapet threugniher audjoumput 20
is shown. Wien a transm ssion request is received by the audio

transm t §&iee WP fs chveidacioss aiyifal @@ﬁalagt)thetamal@w -Gigitaposmidridras. uhe 20
adj usts the resol uti on of the audi o signal ecting the appropriate

| evel's Ogmg sc%ttal'a?x Béﬁ( SIHULH 8 ﬂﬁ?ful! %Ctél 1DLOSL: 384at "t’ﬂ@“%lhe

first tran 'S recelve nsm tlng uni t

directs the code rate sel ector 40 to sel ect the base Sj %nal
13 transmgssgy Kaiggavailable for the particular audio transmissio system in use. At

PCT/ US97/ 18012 transm ssion to the audio receiving unit 70. Thereafter,
t he audi thig paimnthetsigalusidecoaPoded dyt thet dignalatkeomnasitis woit 38 in® adasel ect
t he next |evel of signal detail for
signal and a number of signal details. The number of signal details resulting from
the decomposition of the original signal is called the maximum level of
decomposition. The maximum level of decomposition is determined by the
computational complexity of the audio transmitting unit 20 or it may be attificially
limited by the transmitting party. Once decomposed, the components of the original
audio signal are selectively transmitted to the audio receiving unit 70 as described
herein.
Referring now to Figure 4, the operation of the audio transmitting unit 20 is
shown. When a transmission request is received by the audio transmitting unit 20
(decision block 122), the audio transmitting unit 20 adjusts the resolution of the
audio signal by selecting the appropriate levels of detail. As generally indicated by

function block 124, when the first transmission request is received, the audio

transmitting unit 20 directs the code rate selector 40 to select the base signal for
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addition to the base signal in response to each transm ssion request. If a
request for nultiple details is received, the audio transmtting unit 20
directs theveoglfsesiat e selector 40 to select that number ofl,él%gé.](ﬁmfzor
addition to the previous |evel of resolution over the base signa

(fanet ) Harftmiskioh®) tne/ SudiBfeenh it 7o ThaiaRbp e didlo Rk

data is recel ve e counte m)dul e

60 t L (funct b] th
Ci gnal | 0B Aieels, s GOPataly HESHLA | selch thg THILEY8 AbceRTRL Ry the

maxi mum | evel avail able for the audio signal. When t he requested
| evel ofadditr t;:tirmnbmsugeehungesmmjtobqacdmm:esmtrequg%u dtasequestfpe 40,
t he base signal and any signal details conprising the request are each

coded Wirht](t?fé ‘aﬁetélfsoise%d:él{?e@t tﬂ&ﬁuéﬁeﬂﬁﬁémﬁlﬁ@furﬁﬁ ovediréts tiedobge 4dte
(function b base signal and the selected signal details are

h

nen” CETRLAGD kSR S S I 0 gt el 1
include different transm ssion rates, the conbi nation of th se el

pr oduces 8OkIIANI BN fae hasgraignaldfigIstipatioglol 24h e s igMgated i %Pﬁelge‘aﬁal

is then transmtted to the audio receiving unit 70 via the transmtter

modul e 484, fasebttime irankmis3tn request forAfudés signahdaiasisireneived} the auditer
signal, the transmtting party may termnate the call (decision block

134). 'meBGIeC@{b indré sfﬂ"?(f E};ggﬁ ﬁgncﬂd?ﬁm@gﬁevlzze%rte LY tRRYtheSRHbEEaHESt S

for additional signa et ai si on before, if a request

for addi | detajl d, th th
i o STl OB uRIEH ook dp Agry fraeitie o L e bﬁ PRl

no request for
98/ 1608 1maximum level available for the audio signal.

PCT/ US97/ 18012 additional signal detail is received by the audio
transmtting Whih the, rdduestsd kivehgf resodltion bfs rhexol sglectedi sy tisedotlerraténe
remai nder of the comunication between the two parties
selector module 40, the base signal and any signal details comprising the request
are each coded with error protection at the unequal error protection module 42
(function block 128). The base signal and the selecied signal details are then
combined by the signal combining unit 44 (function biock 130) into a single audio
signal. Since the base signal and the signal details each include different
transmission rates, the combination of these elements produces a cumuiative
transmission rate for the signal. The audio signal is then transmitted to the audio
receiving unit 70 via the transmitter module 46 (function biock 132).
After transmission of the audio signal, the transmitting party may terminate
the call (decision block 134). if the call is not terminated, the receiving party may
send requests for additional signal detail (decision block 122). As before, if a

request for additional signal detail is received, the resolution of the previous audio

signal is increased accordingly prior to transmission. However, if no request for
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(decision block 136 and function block 138). Wen the parties term nate the
communi cation (decision block 134), the counter 60 is reset (function bl ock
140) bef owe sstedscal | i s ended. Referring now to FipgdingsePrigoide

operation of the audio receiving unit 70 is shown. The audi o transm ssion

process hedtiosadighalldiRaitikdicR e RaIWIHBSUHI traf8mitiRG it d, rtﬁe%&isimiﬁqevet
request to the audio transmtting unit 20 (decision block 152). The

counter 98 . i.nc tQ t . he r dio
i anal - (B EepBeRh it Bebd 3B R TR oo FH T IRE e P bR RRHE Sla.BroRey ©
unit 70 receives the audio transm ssion fromthe audio transmtfing unit

20 at t hidecisipredieek 138 @ang: funsticay Blocks 132k i oVhsnothe pssties ttremingéeitheng
party listens to the audio output fromthe audi o output device 86 to

det er m neomiunicati®ou(dboigiah idiyck 9345 cibet edlireter 60 is reseff(fiarctioacieiptk ot ®f an
audi o signal, the receiving party may opt to termnate the call (decision

bl ock 16Qdsord fhd 881 & i$ not termnated and if the receiving party is not
satisfied ertL tﬁ% rgésr{oélfion or the quality of the sound after reception

of the initi audi o signal. S[err], the audio_ resolution may be i.ncreased
by pressing t @f%ﬂrt‘fﬂd??"égo%@u{%émﬁ@? Rergfion Of Her audisnifcsy Y L{"}'lte?hdﬁber
df additional signal detail levels desired. Activation of the button 92

(deci si oshdyvroc kI hES 2ydioe trapsmissian peoaessnibeging ivhen theeeudip receidog witied) an
increment corresponding to the extent of activation of the button 92 is

regi st ergghdaya tia@sAOsElbR refOsktl 16 tA8 dUdit dahemitiihg Tt [decisientdisck 952).
resolution level is indicated on the display 98. After the specified

AT B e, RTINS 9 AR OB g o

for additional signa 10 transmt
di to.the i t ISt b . .. .

igrrespos?gr'a%gt%}lgg%glilggtre%ﬁnc{igg Ibﬁocrel%tl).y }\Ptgr the audio receiving unit 70
PCT/ US97/ 18012 counter nodule 96. For exanple, if the button 92 is pressed
2 times,reaevequbstaudd transmissish froontile gudjndrarsmidingsunit28 entheireqydsted
dedi cated control channel DCC. Simlarly, if the receiving party had
acti vat egsbly€ioRUbV@INFO7ction BB ck 11883, tHehfeciih® party listens to the audio output

from the audio output device 86 to determine if the sound quality is acceptable.

After reception of an audio signal, the receiving party may opt to terminate the
call (decision block 160). If the call is not terminated and if the receiving party is not
satisfied with the resolution or the quality of the sound after reception of the initial
audio signal S,, the audio resolution may be increased by pressing the button 92 the
number of times corresponding to the number of additional signal detail levels
desired. Activation of the button 92 (decision block 152) leads to three events: the
timer 94 is activated, an increment corresponding to the extent of activation of the
button 92 is registered by the counter module 96 (function block 154), and the total
resolution level is indicated on the display 98. After the specified time-out, the timer

94 commands the counter module 96 to send a request for additional signal details

to the audio transmitting unit 20 corresponding to the increment registered by the
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transmtting unit 20 would be requested to add three additional signal
details to the existing level of audio resolution transmtted to the audio

recei vi ng b bs/idds1 The process of increnentally tunpegukdfsez
resolution of the audio signal continues as specified in the preceding

par agr apheyifth} ridiilé @@sel P’bﬂ“@xzﬁﬁbl’e}’ iflthe bimtdnséz %dpf'@!stsgd tﬂ“ﬁm"e§59| r@hh@ﬁ‘t fof

the audio OUt put or until the maxi num nunber of signal detai | s has been

reached. di t,i onal st.s for, si ails is b

| oaei vt gt sqtenal; SR el 8 L5t R afr e rEatlo onlB At Beer oo
continues at the exi sting level of resolution (function bl ock 162% On

t er mi nat i Simibgrly, ththe segaiving xartynhad @stivaied Hheokittans8R, thier timamittee aBlies
reset prior to the end of the call (function block 164). The

descri bediragépting ehittZ0eiid bé ngquelted te siduthres additibnassignal gefalils ystthat es
the increased |evel of efficiency which may be realized by enabling the

part 1 o5 @xiind VB Sa4kAR 4R 51 EREhfed BABRLIBIcckRfS uil sogsol ut L on o

sound qua res I N S|gn| i cantly” nore efficient

transm ssi on sound, ci all the hi hest e esol ytion i

ot requi red { SheL HIbtesSy Bb eEmEnt e tHrBPe PRnEROHERI PednEoaHd Sional
frequency comruni cations, this nmethod would serve to increase the

ef fi ci encgondinuesdias spesified dat then prgceditiy cparggbanidwintit Hhe emprieivime partyanisl
power consunption. The present invention may, of course, be carried

out in otdmfsfispewithitheW¥s|utibRask tHeosadREbaIpUt SRIuAtPIthE mbkidduth Rahbbn&f
fromthe spirit and essential character of the invention. The present

igbOd' meng; §n€{§%t§}€%§f@éeq1 réaﬁ:hgﬁ Cl?rﬁ%' gt?cfiﬁgnéﬂeahésts for signal details is sent

PCT/ U897/ 18012 respects as Ilus ative and not restrjctive, all .
changes c®ht r%ec"ﬁﬁﬂ RaRy 4%‘%%’9’}1 oé’kdﬁgdum?aF%fﬁW”l’%‘&B katwerg tgﬁp‘@ﬂi%%

Clainms are |ntended to be enbraced therein.
continues at the existing level of resolution (function block 162). On termination of

the communication (decision block 180), the counter 96 is reset prior to the end of
the call (function block 164).

The described method for transmitting multiresolution audio signals illustrates
the increased level of efficiency which may be realized by enabling the parties to a
communication to determine the optimal level of resolution or sound quality. This
method would result in significantly more efficient transmission of sound, especially if
the highest level of resolution is not required for the user's needs. Therefore, when
applied to radio frequency communications, this method would serve to increase the
efficiency of audio communication by reducing bandwidth requirements and power
consumption.

The present invention may, of course, be carried out in other specific ways
than those herein set forth without parting from the spirit and essential character of

the invention. The present embodiments are, therefore, to be considered in all
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respects as illustrative and not restrictive, and all changes coming within the
meaning and equivalency range of the appended Claims are intended to be

embraced therein.
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rcr]u_ib\'lt :V'rses\c?IhﬁL l)rs1 Sug: (r)reg”mm ML“”L Hﬂ‘ llu A method for tr:)nsm' Ejfai:g?rposi ng

the audi o sy@9@ieoht 0 a Bask si gial *having a _ PCT/USS7/18012
predeterm ned m ninumresolution and one or nore signal

details which, when reconbined with e signal,

increnentally increase the | evel of @F}%@ﬁi on of the audi o signal

froma r’H esol ion up to a maxinumresol ution; b)

sel ecti % "I“{Hq ‘l evel for a transnission; c)
transmtting the base signal and sel ected si gnal details -
correspondi nglto t hé rsethedtfediraesmitiing onltiresslatian audicosigealsi apmgyising:

unit; and d) conbining the selected signal details with the

base signal to a% decomposing tH@Ordaudid Sgehioirtd gaabasy didvealspadnyed
resol ution. ) The nmethod of claim1l further wherein the base

signal and said signal cgeidblsinghenfifRinCrsbRdfnahal 8nsabf Al Qigldnal
prior to transmtting said signa d audi'o recei ving 3.
The nethod of claim1 wherein the step of selecting the resol utlon . level

of the transnission conpetailss Whighi nyhgnsigeam i Withedhestbase ssigaahudi o

receiving unit and adding at | east one additional si gnal detail to said
audi o signal to increagerémentadlyéhcrebise ésollevea! oh resututioreat tild gudiadligrialne a
signal detail request is received by said audio transmtting unit.

18 WO 98/ 1608%om a minimum resolution up to a maximum resolution;
PCT/ US97/ 18012

b) selecting a resolution level for a transmission;

c) transmitting the base signal and selected signal details
corresponding to the selected resolution to said audio receiving
unit; and

d) combining the selected signal details with the base signal to
form an audio signal of the selected resolution.

2. The method of claim 1 further wherein the base signal and said signal
details are combined to generate said audio signal prior to transmitting said signals
to said audio receiving unit.

3. The method of claim 1 wherein the step of selecting the resolution
level of the transmission comprises sending a signal detail request to said audio
receiving unit and adding at least one additional signal detail to said audio signal to

increase the level of resolution incrementally each time a signal detaii request is

received by said audio transmitting unit.
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4. The net hod acc wherein the step of selecting the
resol ution | evel corrpjlﬂls“ﬁwa!ﬂl ml%‘lﬂiﬂ tiple signal detail request to said
audi o trawewsadsng unit andia tiple signal detail Pamusasbiaudi o
signal to increase the resolution by nmultple |evels. 5. The

net hod accorgli ng tPhelmbtRod ¥b&sEIng {&@laﬁhgﬂ@bh&@hﬁtﬂe SESp! @% s |ed@ihigdingat e
fromthe audio receiving unit. The nmet hod according to claim

1 inclu e S | |
pei ng t 1ot el bcthofa s, %Qﬁa*& i %‘*%"e?d%t%g bt Saf 40300
The net hod a cording to claim1l including the ste i.ndi_cat i ng at said
audi o t FaR¥H t"i‘g r‘\‘@‘ttﬁn‘? adding pudlinie isignas datals Ehag'g %H“Bﬂaﬁ'grb%ll gncrease
transmtted to said audio receiving unit. The net hod

accor di tig tesoltianrhylmiultptehlereisncl udi ng t he step of I imting the resol uti on
of the audio signal to a level less than the maxi mum resol ution.

The nethod agcor di Tige trRefHoA Q&cfoerl(i:if[ﬁ fedgi8gn th h%?&ﬁ e & ﬁQFd 'r‘é&uﬁl &

base signal and each of the se d signal detalls usi |rarc

coding _sch ing levels of error protecti on are used for said
base si GHEl g%neféometgfe %‘Fe'ﬁggéﬂ’ts 10. A net hod for

transm tting an audl 0 si naI between an audio transmtting unit and an
audi o recei \B-ng unfhe diagoqeding to claim 1 including the step of displaying the

19 WO 98/ 16081

PCT/ US9r&sbBfiba of the audio signal being transmitted on a display at the audio receiving
unit.

7. The method according to claim 1 including the step of indicating at
said audio transmitting unit the resolution of the audio signal being transmitted to
said audio receiving unit.

8. The method according to claim 1 further including the step of limiting
the resolution of the audio signal to a level less than the maximum resolution.

9. The method according to claim 1 including the step of error coding the
base signal and each of the selected signal details using a heirarchical coding
scheme wherein varying levels of error protection are used for said base signal and
said signal details.

10. A method for transmitting an audio signal between an audio

transmitting unit and an audio receiving unit, comprising:
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a) 4 tdecorrpgsi ng the augm\m \mtm “Mm base si gnal Ihavi ng a
predeternined mninumre nore signa

det ai | s whivoips/tedsen reconti néd Wi h the base si gnal , PCT/US97/18012
incremental ly increase the |evel of resol ution of the audio signal

signal froma ninigyum laggg}#,bgg,@ e tfudio nagat\ﬂ:mtbea%a&f sn?nal havi]pfgr 3

resol ution; transmtting audi o signal at a

level of resolution to sai q audi,o receiving unit
wherein said first |evefSHFerROgH, Mmigpum resolution” and ons - or |rH8PEimsé%”%’al d
base signal; c) sendi ng one or nore signal detail requests
to said audio details which, t whesnirecompingd t with ither dzase t Rignal,

resol ution of the audi o signal transmtted to the audio
receiving unit; incrementdlly increassthaiidgl okregmmﬂsﬁtﬁwawbcti%mnal
detail requests, one or nore signal details wth said

audi o signal at said f%{g%tai Y& a (?rfn(rj; mum,_ [esglution up to a FESRhU Rel B

generate an audio signal® at a secon
resolution for transm ssion,. to said audi o receiving unit; and
e) transmitting said" P ’sjgnal at said second | evel of resolution

to said audio receiving unit. 11. The nmethod of claim 9 wherein -
sai d audi o si gnal bat séadsmittisg the esdicusigoal ahalfisidsveindfyresaludiobatsesaid gnal .
12. The nethod of claim 9 wherein said audio signal at said first

resolution includes sapfdRAasecsiviagaluntNdwhérdifagdid OnrstSiedRal odakbablution
20 WD 98/ 16081

PCT/ US97/ 18012 includes said base signal;

c) sending one or more signal detail requests to said audio
transmitting unit to increase the resolution of the audio éigna!
transmitted to the audio receiving unit;

d) combining, in response to said signal detail requests, one or
more signal details with said audio signal at said first level of
resolution to generate an audio signal at a second level of
resolution for transmission to said audio receiving unit; and

e) transmitting said audio signal at said second level of resolution
to said audio receiving unit.

11. The method of claim 9 wherein said audio signal at said first
resolution includes only said base signal.
12. The method of claim 9 wherein said audio signal at said first

resolution includes said base signal and at least one signal detail.
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13. The net hod acco mm&,ﬂﬂwﬂ!ﬂ'f ncluding the step of error coding
t he base signal and each+*o signal details using a

hei rar chi caWOg¥#08Yy schene wherein varying | evels of error ROTHOFI08H are
used for said base signal and said signal details. 14. The

met hod accor didg t o Thaimethodtecerding te daiep Sdhcleditd tige atepsofyeabr dediaigl
request conprises sending a nultiple signal detail request to increase the

resol uti gy phsd By AR éécg'ﬂél‘ thY sBlelctddPsBnbeMelails using a hdifarchical Aoding
mul ti resol ut| on audi o signal transm SSI on system conpri si ng:

2 base” SPORNSMERTL GV REIRRl of o GERERER AR fFbaEl sl b8SE sid h Bna

sequential | y combined with said base signal to create audio

signal s ®aidisignalgetail.y hi gher resol ution; b) an audi o
receiving unit including an audi o out put device; C)
communi cat i om4reans Thékhsthodakcadigotd rohiismot whageinnihe #fephof sending a
said audio receiving unit; d) signal request neans for

sendi ng %rpﬂgﬁaegﬁtr@gbaéfe%ﬁﬁﬁéeé Qeﬁ@iing)a muitiple signal detail re%&‘é*éii {8 ingrease.

transm tirng unit essi ng nmeans I n sal

transmttin it faor combin . said base signal wth

Sard o1 o eaelo ohthS Sldin SOHaLho mutipls fevels of

i ncreasingly higher resolution with the addition of each signal

detail; 15. A muitiresolution audio signal transmission system cmprising: - WO

98/ 16081 PCT/ US97/ 18012
a) an audio transmitting unit for decomposing an audio signal into

a base signal and one or more signal details which can be
sequentially combined with said base signal to create audio
signals of increasingly higher resolution;

b) an audio receiving unit including an audio output device;

c) communication means linking said audio transmitting unit with
said audio receiving unit;

d) signal request means for sending signal detail requests to said
audio transmitting unit; and

e) processing means in said audio transmitting unit for combining
said base signal with said signal details to create audio signals
of increasingly higher resolution with the addition of each signal

detail;
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f) said audio transmtting unit bei ijﬂ reaﬁ%msi ve to said signal

detail requests to send audi H!ﬁ"ﬂ ’I ﬂgsﬂ audi.o receiving unit
i

in increasiyigod/fgel S of reso A with said basepsigbiiserz
and stepping 1 ncrenentally through increasing | evels of

resolution up to a draxi r j -~ . . St olL.utiLon
audi o transm ssi on Syst %é@oﬁéfﬁ%@ om(':rfgai%'tlégm\%hé?s ;Urg’%'s\}géé p%%éeétélh%g
means in said audio transmitting unit includes an heirarchical error
protection modul e for erd&all FRHESES theenhaudiejsignals i 83 a%‘FA’Bfre?Wé'”g unit
sel ected signal details, wherein the error protection nodule provides a
varyi ng degree of errorinpnaeasingdevels of eegbiltasebagignialg withl ssii bhss gigak!

details. 17. The nmul tiresol ution audi o transm ssion system
according to claim15 weyei H SlcRtntafduesioudRaNacicakime N@vBg Shonal
detail requests to said audi g@p?r ﬁsm’ t&?ﬁn% uﬂi t coggri ses a n;?jsh- button on

said audio receiving unit. uti t18' . _The rrull ﬁ&resol ution audio
transm ssi on system aCC()rFaPHBOFHpcPaﬁ MEFMURHEPRHAYai d audi o recei vi ng
unit further includes a counter for counting the presses of said
push-button. 16. The multirggndutian audiedmnsmissionsusiem papaidnRGsIvelaly sbem
according to claim 18 wherein said signal request neans further includes

an el apse¢hdreime sidinpfot@sBBgnsnedy iAEaald ia1gié heasdmithay tniteinkhe@st R
initial press of said push-button, said counter being operative to count

the ”U”bWeirQFcﬁi%éTf‘ez{c%r!b;rP%iBh%B@QBH‘EFer%ﬁ?%@ﬁ? 146 HB68 i ehlel &5dH Sefel | B

period from sal press of the pus on as neasure y said

Slzapsed tsierreec\gézs?%lji 8§ga?lg,s'wherein the error protection module provides a varying
PCT/ US97/ 18012
degree of error protection to said base signal and said signal details.

17. The multiresolution audio transmission system according to claim 15
wherein said signal request means for sending signal detail requests to said audio
transmitting unit comprises a push-button on said audio receiving unit.

18. The multiresolution audio transmissibn system according to claim 17
wherein said audio receiving unit further includes a counter for counting the presses
of said push-button,

19. The muitiresolution audio transmission system according to claim 18
wherein said signal request means further includes an elapsed time counting means
for measuring the elapsed time from the initial press of said push-button, said
counter being operative to count the number of times the push-button is pressed

within a predetermined time period from said initial press of the push-button as

measured by said elapsed time counting means.
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20. The mul tiresol utj | sion systemof claim19 wherein
said counter is responsi tﬂ“!ﬁm!“am mﬂ“\ request nmeans to transmt said a
signal devapsnasquest f d | I snalk number of signal ®ETAISPHIZOal to
the value registered by said counter. 21. The nmul tiresol ution
audi o transm@gssi on Thes hautirreolutidh reudio teinamission sybtmeiof daind 1&@udherein
transmtting unit includes counting neans for counting the total nunber of
51 onal ggd ado'uﬁteﬁﬁ.%erefsgﬂné% ol en8 r@.;ﬁél% qUBsBAShrRUSY BrahShf ¥Ailta Wiiral
mul't1resol ution audio SI g transm Ssion system conpri si ng:
a) Si deco ositiQ

into a E'é’%q o a5AEO5R | HB‘P“ egp Hanah tz?ﬂ?an arggn A lereglstered

sequentially corrbl ned with said base signal to create audio

si gnal sbys$aidrmouetarn ngly hi gher resol ution; b) nmeans for

sel ecting a resolution level for transmtting said audio

.-signal ; 21. The ﬁMtlreEdSl@ﬂ&inaUHImﬁaﬁ@ﬁ@&ci‘noéysitémr@dﬁoﬁ'(ﬂlnggotcﬂmn'base
signal and sel ected signal details corresponding to the

sel ecte ol

o1 AT st Aeib edusrmiting val fasutes, Cga?ﬁﬁi%é@?%é”mﬁﬁ% total
'sal d sel ected signal details to create audio s Q . .
i ncr eadiuigPer ofi garal daiats selestedior H2pRRISHRN 19 %% (?FJdéé@FeéY'@%éﬂP't'
detail. 23. The multi-resolution audio transmtting system of
claim22 whe@2ein samiitreseltiongudiasignatcansieissonrsystarstdompriadgis ' f or
generating a request signal. 23
WD 98/16081 a)  signal decomposition meand€dr ¥SSdhp8Eikg an audio signal

into a base signal and one or more signal details which can be
sequentially combined with said base signal to create audio

signals of increasingly higher resolution;

b) means for selecting a resolution level for transmitting said audio
signal;
c) transmitting means for transmitting the base signal and selected

signal details corresponding to the selected resolution to a
receiving unit; and
d) signal combining means for combining said base signal with
said selected signal details to create audio signals of
increasingly higher resolution with the addition of each signal
detail.
23. The multi-resolution audio transmitting system of claim 22 wherein

said selecting means includes a requesting means for generating a request signal.
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means i s reepgnésyre to ) t he push button topgefesmigerzsai d
request signal. The nul t'i -resol ution audio transmtting

system of clapm 24 WrAEEnD|ti-EAbitBHSALAY U AHEMifingCSRes 6FBRIA| 23 WiaRemal d
transmtting nodule, and wherein said transmtting systemincludes a

recei ver f L\ o] [ S ] frar o I .
| ocat | onsat rddtsljsh MedriiERheR AR Pob AR Wi AR el B s i
according to claim?22 wherein said processing neans i.n said audio '
transmi t FESRPNFINE 19 e acteatiomof the pushdpisttan toggansrale, id fequnst sighale for
error coding the base signal and each of the selected signal details,
wherein the eppor pr¥hechultirrezollition mudivittesnsittingr istem dieglaim 24 wiverein
protection to said base signal and said signal detail

24 said push button is located remotely from said transmitting module, and wherein said

24. The nul ti-resol yty dio transmtting systemof claim23 wherein
sai d requesting neans i ngﬂﬂaf ﬂﬂmmltton and wherein said requesting
e |
25

transmitting system includes a receiver for receiving request signals transmitted from
said remote location.

26. The muiltiresolution audio transmission system according to claim 22
wherein said processing means in said audio transmitting unit includes an
heirarchical error protection module for error coding the base signal and each of the
selected signal details, wherein the error protection module provides a varying

degree of error protection to said base signal and said signal detait.
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