;j ke3eb_.6TCIr \. \. 89062 VO CE MATCH NG SYSTEM FOR AUDI O TRANSDUCERS
Field of the Inventiagn (0001] The field of the i \\/entl on relates to public
address systens and (agte particularly, to the ué&of multiple nicrophones
by a single speaker. “Background of the Invention~(0002] The use of a
m crophone and sound anplification systemis a necessary part of any
speaki ng event involving any nore than about 50 people. Typically, a
speaker is provided with a podi um nounted m crophone coupled to an
anplifier. A set of audio speakers, coupled to the anplifier, 8P862
di stributed arouwlIGh MATCEING SpPreEM t s voice. [0003]
In other instances, where the speaker ﬁr%%{ﬂ%fsd f%ﬁlﬁ% nove around a
room(e.g., to wite on a blackboard, interact with the audience, etc.) a
port abl epid 1] YRR Rv@ntidnWM r el ess m crophone) may be used. A wireless
m crophone functions by incorporating a wireless rf transmtter into the

mcr ophone alwl\h tthe StldfobatierimmntA dif afdla Hedl @i/ Pyl ates to
| e the speaker's voice into tuhe anplifier.

receive and ,cou

[0004] ne tefﬁe%XngglPt &BFeMRE e BEHBﬁ‘éui%r}-%f efpetheouss afl avalier

m cr ophand t iplleamdbrephBheb0BYORCsiAg ot o Vé.é(?kg?l |y hand-hel d; but, instead,
may be attached to the user's clothing. iTe Tavalier mcrophones may be

either wired or wireless, they are usually wireless. [0005] Wile lavalier
M cr oph@Rkq*ofngf BE”tHQrfnGQﬁ%!EQhe”t to use than handheld or

podi um nount'ed m crophones ey are al so prone to nore noise and i

i nterference. EomﬁalofTh&]elaeeworas nfi@rophenadditi gaghdng}nﬁg%ﬁ!gat%ﬁrfer ence
i s that éJg H{I%OE ogne is_not located directly in nt-o even very
near, PRE®2PREK P2 BRE ARY tPeafing Rarent dmvalwdmpund from a

Iaval i elanm mbmphbh&nnayo@ﬂm @%ﬁ re SGER ti.ble to room

noi se. However, even Wth t he draﬁic sr 3 a L%q( - rﬁcrophones a
speaker FQVE'J anwtms?r%?WTW%@%mcwm chmmlmt@‘ aphe flexibility
provi dedmpBeganse Of Lde oFAPPLAANG exi bi|i.t lic speaking, a -
need exi sts for a lavalier mcrjgd;;h%neceg]% JJa" is%%"&t?a le to its

| ocat i oAMPELFAHEFy 2090¥ str ittt b @y aludd edice RipAGeded for

amplify the speaker’s voice.

[0003] In other instances, where the speaker requires
mobility to move around a room (e. Jer to write on a
blackboard interact with the audience, etc.) a portable
microphone (e.g., a wireless microphone) may be used. A
wireless microphone functions by incorporating a wireless
rf transmitter into the microphone along with a set of
batteries. A nearby receiver operates to receive the rf
signal and couple the speaker’s voice into the amplifier.
[0004] One type of portable microphone is referred to
'as a lavalier microphone. A lavalier microphone is not
typically hand-held; but, instead, may be attached to the
user’s clothing. While lavalier microphones may be either
wired or wireless, they are usually wireless.

[0005] While lavalier microphones are often more
convenient to use than handheld or pedium~-mounted

microphones, they are also prone to more noise and



mat chi ng an output of an auxiliary signal transducer with a reference
signal transducer where the auxiliary signal transducer and reference

si gnal transducer reéceive audio signals froma ¢ormon signal source along
different respective signal paths. The nethod includes the steps of

determ ning a signal anplitude output value provided by the auxiliary and
by the reference transducers within each of a plurality of different

f requencintérEerida .l eH@N 1.0 S] | received along the
respective signal_paths anﬁﬁ;g?ﬁi?%ﬁgﬁﬁ¥iaé%rg%ae gﬁéﬂFﬁﬁ&éioﬁP 8€ val ue of
the auxi3B@rintauherance iw thhiat athd edstrophmeofist hetphueakilyy of different

frequency; .na paon. the respective signal anplitude output val ue of
t he refé%%%ce Sréﬁ% ug@%. i &F BISS VFEYoResE 1t hBeDMawthgoL[ 0bE8j FIG 1

depi ct s spegietem fBeicamiec Bifng han ttigh,aehawg%ar fr %ngnal transducer
wth a gﬁ{erence ai%ral 2 transducer under an illustrated enbodi nent of
the i nvetftYn-eDRIGTcRRones favpLifssnoiseem muffdedanad mobadi nent [ 0009] As

shown irb&aé%pﬁkhl%ﬂt%“%%%mih%g%| 14 froma human speaker 12 may trave
along a first acoustic pat to a first, reference mcrophone (e. g., a

podi um nount dP0@6dr oipdrored r anelvert onprin e b idE Palva1k& L 0 an
h

auxilia5ﬁig o Froned Iavalie% m ¢rophone) 22. [0010] From one of the
m crophdnes FOorS5: fhEPSRERE dPgREiFeRagoREtEahDedt b naeosanhel ectri cal

equi val eldviafes becaudeoog gRal raBdibeT VR IEdot948qS 9REL,RLOCESSOr 24 where
the‘siggs%agﬁé be subject to certain proteSsing routines %%. ﬁ., filtering)
to inpr oxhAneecRér Adexibility onh pukliepspeakingausivesdgnal . From

t he proGagH: h £8SS i ignal may be anplified in an
anplifier %%sa%éra%pF?géggg§aﬁgg?8gb83§d?@atp%%%@?%e 1apablg ke n the
speaker st® loggtirhe el ectrical signal is converted back into the audio
signal heard by the audience 32. [00117 In use, the speaker 12 may stand at
a podi um (not shown) and speak directly into the podi um nounted m crophone
20. Upomsutekegt i on of an audi o signal above sone threshold val ue, the

podi um nount Lcrophone 20 may be sel ected as the signal source for
presentation?ﬂggﬁﬁe%%ﬂﬁi aﬁﬁyaFG@szuAlﬁ@enatbvéﬁpd fbe speaker 12 may

L Sy s Pl Ay B S B

t he podi um nounted m crophone e proce & ector 48
wi t hi n ERECARPFET PLanak) tnaysdecer twhdme doos ennd ks gignagner gy fromthe

L i e e AU I
ei t her wigsabastromra veonh@sssignal source along different
respective signal paths. The method includes the steps of
determining a signal amplitude output value provided by the
auxiliary and by the reference transducers within each of a
pPlurality of different frequency ranges in response to the
audio signal received along the respective signal paths and
adjusting the signal amplitude output value of the
auxiliary transducer within at least some of the plurality
of different frequency ranges based upon the respective

signal amplitude output value of the reference transducer.

Brief Description of the Drawings

[0008] FIG. 1 depicts a system for matching an output

of an auxiliary signal transducer with a reference signal




[0013] While this process could be used to allow the speaker 12 greater
mobi lity, what has not_ been generally recognized js that there may be a
change in the anpliffed voice of the speaker 12(as the speaker 12 wal ks
away fromthe podi um=” The change, in general, Yy be characterized as
bei ng caused by a change in distance between the speaker's nouth and

m crophone and in the orientation of the speaker's nouth with respect to

t he m crepha ' hi b le., it still be

di stracting ?gcgg\hnghgg%)p?é. EF%@PET%%e%“%gnﬁT?rb%t?%% enbodi ment of the

i nvent i @venkéonignal processor 29 may periodically measure a signal output
fromboth the podi um nmounted m crophone 20 and | avalier m crophone 22.

Fol | owi ng nmeasurenent of the outputs, the processor 24 nay detect any

di ff er ebeeaiaed pesusipeiset ool akOel{het ey ddlidiidd [ ter 34 to
substantially elimnate any spectral differences 1n e output fromthe two
ni cr ophones 28903) Asoshownsiime & IGhe lpodnuandbonsignal.clephess 20 nmay be

| ocat edpdiznLgC Q.. f f peaker 12_ during use,, it woul d be

expect egqitnéﬁp%%é? graigmqr‘aepa%%%?% eI & it LGt RFthcddstic energy
into antel acfirsh) refeesend ahieroghondiCle apoud ifodiildountiecont rast, the
l'aval i ep.m crgghore 23 nfé?be mount ed sonewhere on the speaker' s chest and
not be PACAIPEREe i MRE ATRYR FREHNY rREQstEIGe Padhndd ko [@AB016] Because of

the di f hexeDeeryn(di ! Ang el fngh 04 qﬁﬁar#gﬂbt%et)h%zvoi ce 14 of the speaker 12

may under go Si ficant degradation a e path 18 to the lavalier

ni
ni cr ophone 250&-&1 WEOMJd onst ofetheemigkophonbe 20ne22f #he asdUht path 16

to the pogi r rpcﬁ::v 0 anpl e, the | gck of direct |ine-of-sight
woul d necéelggg]rlﬁ%i }%)ée)su ]g%%fd{elbf%cﬂ?ie%qtﬁ EAWVELERE REgh frequency
_conponekke adidesigrilb aidnEdrizrdddng pAElghll puolca@sorWogn the lavalier

n‘icroph‘gﬂ rgztﬂ$ {grtiféllray}&g?oﬁver d, by the speaker®s clothing, a further

deterioratton 0 ePIsF &fpicertadnnayoseseipari enced. (0017]

| n or derohoimes I‘EEI.tg.t,h@j_(j_&_tég-_rjjr@’)atﬂd)I]_n@ro%OléEEi Gugignal quality caused by
the location of the |avalier mcrophoné 22, the processor 24 may initially
(or per‘i’%ﬂ’r’%‘é‘??%s%%ﬁf Fhpomargiedscegh audéos signed . el Bebmi B transfer
functi s s ACHSd Is hat _passes _t hrough the

| aval i g?rrri crsophqnq 3¢ Fredossd andis %ﬁég?ﬁ'i%‘ayr ﬁsf”@?i?'ﬁh% i on may

i ncl udeln ran ermpddtfs esf 2thangatippled he aceustbe sadebespsikefsi gnal)

transd r 44 t hi Lcrophone 22,.and | aval ier m crophone filter 34

‘wi thin The %Hr'ocewslé%l:l%?h%&s CERERE ?ganéﬁacé’f‘eo?l?%r%% oph@mal 22 is

rel ati vie$ catwehited baekpiatesste 34diBYsH§hs8tt hedyq o ”91’?% in the path 18
and adjust. the fjJlter 34 as necessary to cancel the etfects produced by the
pat h 184 Wﬁﬁ 3fhe node of error detection may be based upon any

measur enent qqnaid Vsl t |_ev f. deterioration caused by
the acousti c[mg’gtﬁ 18. Ufl@est%ér)le&ﬁ?ﬁ%sﬁ rlre%?énggfrrettﬁg‘g, 3the. P88$H§‘ti c signal 14
travel i fPtaIshoynpaend speakddigentybinto nthé apebiighsndmassd ed and conpar ed
to proy; di ence_values. _The difference values may be used to
adj ust \fdé'%?gghgﬁtecgéffi gﬁght geﬁffﬁ%ﬂnac’?i?? AYHP Fhgnad @ovg , a Finite

| npul s @oRes rhmeshoEHRyat itk ethe Sdod {@RLutigy iy US griasur ement of
acoust%)c Si anaks traveling along paths 16 and 18 nay be acconpFi shed by a
pair of%afifr6Gte8 afgFRal Siondl sewnes tfom e sentaition to thee processor
24. Theygagpkediyal ues may either be stored within a nmenory of the
processor 24 or passed directly to a Fourier processor 38.

[0012] Alternatively, the speaker 12 may walk away
from the podium microphone 20. As the speaker 12 walks

away from the podium-mounted microphone 20, the processor
24 (or a level detector 48 within the amplifier 26} may
detect the decrease in signal energy from the podium-

mounted microphone 20 and automatically select the lavalier



[0020] Wthin the Fourier processor 38, the sanpled values nmay be subjected

to a Fast Fourier Transform (FFT) to convert the _signals fromthe tine
domain to the freque%gy domai n. The Fourier conver.sion provi des a nethod of
determning a set of paraneters that may be used to define the transfer
function of the acoustic paths 18. By understanding the transfer functfon
of the acoustic path 18 the processor 24 may correct the effects of that
path wi tgy fa blser; .3 [ I fect, .the,FET.conversion of a signal
fromtheﬁp%d%ﬂt}%}nﬁogr%t & %hgr %g (?)11%% 38@‘%% | a$§f3i ERVALLPEphone 22 provi des
an anpl imigipheasu2@neay bk sighak eneegpakBdeachw@tedegynber of frequency

spectruns w th he .r e .of the human vaoice. In the sinplest formof the
i nvention, a @8ﬁﬁér ;"pb’rafgotm BP0 ¥bhf aisiid flar eidowdihee for each

of thosesgda@r W grakielt BbLRNQEGSS 6y, g8y n he difference val ues
into correspondi ng?gogffirci_ ents agd ?ﬁ%gr%grga?égt %gééoé?g?g?gi’s into the
FIR fil teqcognizegr isx&hplte thieket mayFB& soohangeohni tHecahpsithad t he
| aval i ery, ¥ h i bel t he di um. m crophone 20 in the
frequenc‘;g/cp"ﬂrcaq'lrri(%éIE gﬂsf fz’ér%la%eEHgEt 8538% Ewgg?ﬁeﬂbawﬁﬁk?eé‘ﬁ%ﬁdfﬁ@madj ust ment
nmay be rEde podithe FIRef bhhﬁge34ihogéﬂé§§1;hﬁﬁﬂggugﬂgyﬁ@ﬁpggg& in that
range by, 5.dB. Sinilar g? ustents may be nade over the other frequency

0

ranges 0 &enPdvE3SEAePY020RRaRER aER oRLREBNGR bRtWeenetlie equency response
of the aldrMsCBRRANEndOm@Rd i i crophone 22. [0022) Under
anot hermi;ﬁ ustrated embodi nent ,ogﬂgn%%%@pgécgégo&)h?% ?rék%gt he FFT

val ues & speakgrf pamenth 8ith fespecontomthé xmidfophikie chagmcteri zes the

acousti Gyaat T, ri ocessor_42 then_ jnvert the matrix M
(i.e., ca %ulggt%gggog?yi c%eéﬁﬁgg% ’ aﬁéirﬁ%&mw? xA¥RBIGELINHEQ nver se
matri x (Someepgeplleansfer function) nmay then be incorporated into an inverse

transfer fun(ih]'bg? fiﬁJt r 44 that may operate directly on the signal from
the lavalier bp DA% 3 led5ter teRe embpddmengf ofhshpath 18 (i . e.,

MVt 1=1) infleheliba} | ¥REYsighe] | PVSESEsd f f}wﬁ' % e directly
i ncorporated into the AR Til%er a4 828%3 ¥ anoctcﬁ'&arﬁq Ut

embodi menfigpat heutpwenfrem, beldvushe eadtiumm-aqurgsshtmiwi tdphodde odi um

m crophapg 2Qvaifle argfj_: 1 Sropho my both be corrected. In this
case, manufacture s at%gé%&rgc%'phghﬁoeﬁéﬁré M ERRE e A &®orated i nto
a firstourputsertheprocesamt r24 mdatdetderta sy idAFT drieadediayg m cr ophone

20. [0024] jrst-ste the transfer, function matrix of the podium
m crgph(a)ééuég %a%/é%eogscé%gft%lci]eedﬁﬁerwié: @ drldiegn 34 tohe acousfi c signal
19 (in sabstanfialey )eliminwas A6 l%édtr%ﬁoﬁicf%x%hctegeﬁ!ﬁ‘ﬁhﬁ of the

o] )

speaker 1 h the true version t he acoustic signa a corrected

. W
transf ePu%B‘ﬁEthﬂ“n'ﬁye ' AHanonheameisn 20me 2@at ri x processor 42 fromthe
si gnal detectegsh utput . Lhe Fer. mcr.ophone, 22 that
characteri zets thsglt osgrﬁgiel E??aﬂ@%’éﬁﬁ%@%%e@f%%h%ﬁ [?%Lé“% ®f the
| aval | etordieedphoractly ir0028htTd ther epeattetr ansHarihyngseonigay then be

i nverte i & hi filter processqr 56 and incorporated into the filter 44
t hat caﬂ%‘gér}%ﬂe& etcd’(}ro PREVEACh 21 BOARdAFSHERLERr CARFRBBROREOE2. The

cor r ect npinyiars a dtistive Bag hReer par kRE91t PEL] [ ansfer

function_matrix filter 149 or ri@% o the EI %l??ﬁ‘:%%Q%ﬁ&#&X&%ﬁ%E%?gUSi ng the

corr ect ¥ FHfeAGOUStAS Pdgnadnct IBncoDETeAL, other lavahbets di scussed above),

t he spegker a h diumor roamthroughout the area of his
R Ry B bR bR S ofhe

audi ence wi thout any perceive ¥2% S Further, the

mat chi nehest @ald bost beninf df bect ayehé s £ 9% £50PNe e Z&émyep%él&ré or med
d event.

aut omat | cal!l y or upon the occurrence of a predetermne or exanpl e,

a butt 81 may be provided on or near the podiumor on the processor, 24

that may be rpotisyatgdbdisd Q& %ﬁlgagl?[ffgg}q/eiﬁlhgnltoagﬁggeaker 2 is proximate

t he podi um ni crophone 20. _"Activation PEGn?38 nay be used as

a triggaiiengasient thenvoity lheoPridoesaniaidd tp Wt@,ﬁé%ormtch the
out put of the lavalier mcrophone 22 with the speaker voice 12 or at | east

wi th t F8IBGEHEREb deFEAJR ofin Fh D Prish@atth 1A ttiov &thieod apia ltike pushbut t on
46 maymawsshb ocEss t er 1 con t.ching routine where

t he spectra? cgﬁtfgjr!]t of t %@%li gn;ba i tnh%ll%g\?alti%(?p&ﬁflgFB Rone 22 may be
mat ched with the spectral content of the podi um m crophone 20. (0027]
Further, it has been found that the, matching can be acconplished within the
processor 24 in cases of relatively | arge signal excursions. For exanple,
the processor 24 has been found to work reliably Wth | evel differences of
+/- 10 dB. :



detect the presence of, unnatchable signals (i.e., different in content as
opposed to spectral Féwels). In this case, the pfegessor may use a rolling
difference threshold to identify situations wher &% he overall difference in
signal levels within respective frequency spectrum exceed sone threshold
val ue fromone 8 sanple period to the next. An out of limts indicator
may be agignateopheh [ ituation is detected. [0029] Under one
preferred %%%o%éijtrrent otwtﬁleéiéﬁlf'ﬁd?ﬁcﬁ ORA s diRr @seapdieys descri bed

above nmafheelappldRdiine et disid-cot s ANBHUGRISL G SHL 116/ 9Rhones. Under
anot her’ir‘?léeé nat e qcnbodi_rrent, the termt rans%ucer %;ayﬂrlg); é"l%sflg%any

transducer oroedhifati®hice the tdatereeinchduigght o deepuan@ycr ophone. [ 0030]

Under oneompdnsitsatexd @ odid®its 19,4106 4 nvention, the processor 24 may be
a stand-al one device with 2 input: nét?‘nld%”fII MG P2tk di8.st Fugshermmy be the

r ef er end®§hdihe dravevhiere ngadiqphanec 22p e @ad®i aang tc%%&ggogg Lput may be

from t heglamalir i GkQphone ., The first input may be transferréd at
uni ty ga%i’én to%%recgoﬁzgt%%gdt &&2 I‘%é%@@éﬁﬁtﬁm ofagpbetdagital | y

pr ocessewpraenthand hepldeadd aaybble 2%paBlieRR34the first output 50 in |evel
and spectral [%%rii;lﬁnt at the end of the mafching routine. [0031]
Under - anot hert M 7dst P REAF bR devrect therdetasisradd s gacor por at ed i nt o

a wrel eRusRael ¥egnhar o8¢ ikavali.gL n.cr ophone 22, A separate audio
receptacl e on the rbecei ver rlrlg? %éhgf‘gw HegBFoEBFﬁBiPH ehetB®di um ni cr ophone

20. [o003dFvadiesr picrophpnpet BE, ptpeepseéeaéoﬁaﬁdlbﬁa&rﬂ%ﬂ%ﬁ%&%{fﬁ%#‘éo an

audi o m s O i ixer with a reference in

auxi | i aﬁ%{lﬁ’%&f?ﬁ? zﬂ%ﬁﬁgg%aéewﬁié%useﬁ ARy 9‘;91499:{39 0 cebeticiiash X 0 t he
r ef er end&anafer, fasctisnusied aha¥8et speghiic. enbadinent of a
nmet hod %Qgsgﬁp%at us, for matching t?a%ggggér#ng%?%;%%%&ﬁ gtqfad:the

I Avent

present AOWER BRenlavaliepenicoephome p22 posthefaddddisid ald ng t he
mnner elesbred thens NMENELABELSn RS AL i (weed.cll, should be

under stoog that the inpl erreﬁ?giflé%n 0 %?%le?d?/at?l?%t‘?%ﬁﬁc%d’mefi cations of
the i nvBAtRoh®anthe tacoustbastaspbectrin | {shenapparaitsdudegne skilled in

the artyigRdnthgd 4 ' [ is . not. limted by the specific enbodi nents
described. Ther ef Ori;?rc:,aé\)(t?:gé c%t%?ﬂ)laat]ead""‘lrslo‘%\?'é‘l“tqwomeeiémteirnventi on,

any and34| ¥iin fthemtponssssar i 24 ) OMSindy wiﬁ@%eggggi ;g_gll wi thin the

true spifLi Iﬁp‘g S e, of the basic underlying pri ‘ Fosed and
¢l ai nmed. Lé%‘o T 1. esw 13- felatlvelY sta___l;,le, the processor 24 may

detect any changes'in the path 18 and.édjuSt the filter-34

as necessary to cancel the effects produced by the path 18.

[0018) The mode of error detection may be based upon
any measurement reasonably able to detect the level of
deterioration caused by the acoustic path 18. Under one
illustrated method, the acoustic signal 14 traveling along
paths 16 and 18 may be simultaneously measured and compared
to provide a set of difference values. The difference
values may be used to adjust a set of coefficients within a
filtering device (e.g., a Finite Impulse Response (FIR)
filter) 34.

[0019] The simultaneous measurement of acoustic
signals traveling along paths 16 and 18§ may be accomplished

by a pair of analog to digital (A/D) converters 36 within



i i ' uxiliary signa
10 Claims 1. A nethod of matching an output of an auxiliar) _
transducer with a reference signal transducer where the auxiliary signal
transducer and refergﬁbe signal transducer receixe. audio signals froma

common signal source“atong different respective(étgnal pat hs, such net hod

| Si : I Ni [ [ t put val ue
conprising the steps of: determning a signal anplitude output \
prgeided gy the auxiliary and by the reference transducers wthin each of a
ency ranges in response to the audi o signal

I lity of different fre [ _ (

Pegre?vle&%zfl Bﬁé’cﬁﬁéqreéﬁect%@ SpgRbe p‘é@h‘é‘?sdmmmnhyt?titml?acgtnalsom .
it t L1 e Nl _
-? g IpI 3?&?’? ;i}pgf mgﬁb fs'J gr gfgt E?kge Héﬁ%é%%n%&egg%g@%%gﬁ%ﬂo#ﬁ%&ﬂes%& i ve f
si gnal &epriegderegepaprvidBue of the refﬁrence tr?nsgyce{:ns.tzgesrgagﬁd o]
' t .Gl aim 1 er.ein the step of adjusti _
garr:)frlt Egeogu?%?o@:lﬁule%%n t'%}@ ﬁlf%rlliegr PrPF§ﬁ§aﬁc§PrfEJﬂFh§Fmabﬁ1§r| ses
provi di vglaesnmhg- beesubleotHEL ¥ Fher sgme@%d%%qwgf(pﬁm auxiliary

: . ;
transducer and the reference transducer within e _ I"urality o
frequen%;? FoRFEEt SheTaignalsofrem he ctime domaiut oashen claim 1 wherein

t r Ghil a S49n i fude out but val.ue provided by the
;Bgi isi :?ieg‘ﬁ‘gﬁ%g %ﬂaéjgf er?ﬁ%e l?:gir?s)%uécger} selfslfﬁo%@rr"é'. 5% SedeEhoul ating a
t ransf ePff daterwinbhgt Aesst gnfl pamddetdrpugiat yabe hisdly tlf ansducer. 11

ol cul afPEata EPRnErensRonCHIBRFEN 19 W1 RACUPES EMEBGR B ho Bauxi | ary

transduaadefstah@ing OtRe | 6£8ns e it {1 Sl aledskianghes fynction

into a ;Lgtgéocessor 24 may correct the effects of that path
within the filter 34.

[0021] In effect, the FFT conversion of a signal from
the podium-mounted microphone 20 and lavalier microphone 22
provides an amplitude measurement of signal energy in each
of a number of'frequency spectrums within the range of the
human voice. In the simplest form of the invention, a
comparator 40 may be used to form a difference value for
each of those spectrums. A filter processor 56 may convert
the difference values into corresponding coefficients and
incorporate the coefficients into the FIR filter 34. For
example, if the FFT conversion indicates that the lavalier
microphone 22 is 5 dB below the podium microphone 20 in the
frequency range of from 3 kHz to 3.25 kHz, then a
corresponding adjustment may be made to the FIR filter 34
to raise the frequency response in that range by 5 dB.
Similar adjustments may be made over the other frequency
ranges to achieve a one-to-one relationship between the
frequency response of the podium microphone 20 and the
lavalier microphone 22.
[0022] Under another illustrated embodiment, a matrix

processor 42 may take the FFT values and form a transfer




that cancels the effects of the signal path through the auxiliary
transducer. 5. The nmethod of matching outputs as in claim1 wherein the
step of determ ning a-%ignal anplitude output valfie further conprising
perforning a Fourier-€onversion of the signal friemthe auxiliary signal
transducer and the reference transducer. 6. The nethod of matching outputs
as in claim5 wherein the step of performng a Fourier conversion of the

signal fg N6 ALHJ1LAT Y Signal transducer and the reference transducer
further clgir?pgrli@es C(#rlr'ﬁ‘ar(Mg t‘%ﬁg é’ﬁ?&l’-‘laﬁfﬁé’é?@ﬁ ithe sicgrualtd cf patht he

auxi | i ardB ¢ r artsed ueerr ian ¢ roekeseRc q ot HaR r swi.thin _each of .the frequency
ranges. 7. The nethod of matching outp&fgﬂgg ﬁﬁbcg iﬁﬁ& WﬁgFéﬁthhe step of

cpnparin@i#he aadiculades cheftfied «a@3¥Pbirs as Rh@%&ggnﬁ @rQ%ffﬁLqT e val ue

W t hin qﬁgp.qﬁm}g% frg uencX ranges. 8. The netho of cﬁlng at puts as
in claimb wheréin A& Fe 1BVeEEey tarngLardifiheténnd makueheht Ban each of
the fredmuarporatedsihubt BAr 4 LS m:ni ng. an | ust ment val ue for
each frequency rangelbaseq uégﬁg?ﬁg gggﬂggsg SPgﬁngPnggiHeﬁléérithnl 12
C 9. Thé'Wdt Ay ePexratenhthgechlpuos thei nighalmEbomhenei Dable;skep of

il se eaoERoRe 28 BB ey ey e g R aEA FarbRsbahHe biueal ity of
Com Tore oo, pecerLeeL oot TRRERMATe SN Bonilia pnone.
be"directly incorporated into the FIR filter 34.

[0023] In another illustrated embodiment of the
invention, acoustic errors Present witchin thehpodium
microphone 20 and lavalier microphone 22 may both be
corrected. In this case, manufacture’s data on microphone
performance may be incorporated into a first transfer
function matrix that characterizes the podium microphone
20,

[0024] As a first step, the transfer function matrix
of the podium microphone 20 may be used to recover a true
version of the acoustic signal 14 (in matrix format) that
was actually produced at the mouth of the speaker 12. With
the true version of the acoustic signal 14, a corrected
transfer function may be calculated in the matrix processor
42 from the signal detected at the output of the lavalier
microphone 22 that characterizes the overall transfer
function of the path 18 and of the lavalier microphone 22.

[0025] The corrected transfer function may then be
inverted within a filter processor 56 and incorporated into
the filter 44 that cancels the effect of the path 18 and
lavalier microphone 22. The corrected inverse matrix may
be incorporated into the inverse transfer function matrix

filter 44 or into the FIR filter 34.



11. The nethod of matching outputs as in claim1 further conprising
defining the reference transducer as a podi utmount ed m crophone. 12. The
met hod of matching outhuts as in claim1 further .eonprising defining the
audi o signal as human:speech. 13. An apparatus for*matching an output of an
auxiliary signal transducer with a reference signal transducer where the
auxiliary signal transducer and reference signal transducer receive audio
signals froma common signal source along different respective signa

pat hs, such #9246} udstngpthsi cgrreesss i@ﬁeﬂ@éeEfﬁﬂngkfkﬁﬂéHEg anpl i tude
out put Vﬁlﬁ%’g% % d b tt&%f%g_lxi liary and by the reference Fansducer s
Wi t hi n each of a p})jl rgﬁ\étr&? iHUSseRk abogglenser apgakeinipemgpnse to the
audi o siapradoacic eihee thoali QR0 o & olz8S ' Lgpal paths; _and neans for
adjustiggmfhe si gnal anpl i tude outp&?&%gpﬁgﬁgftﬁﬁegﬁﬁiiPFaP&stransducer

wi t hin 1EASe Yoyt ARy pewcaliveyd df fdietbacest ifregyescy ranges based
| itude output value of the reference

upon th ity, I Lve, si_gpal | )
transdu?g%gle: Tﬁ?ES%EE(aFﬁg R%Fcﬁgﬁghpﬁgpﬁ ithtesien ¢f theim 13 wherein
t he meaddvRddeadmdstriopgonbe2gi gagl barrpg}:wgﬁeaug@%mé/@i#%lgi the auxiliary

transdugggnf%hthgr congrises means for providing a one- T ati o between
the signal anpli tGGEE5PFReChuRi Pradgt ermined cevernd tiher refafense

t ransduaebuntbhi neengh BE LhsvPh ity of frequency ranges. 15. The
apparatus for natchi nb out%utg azg&?!r)lhc & ltrlﬁa%ﬁ %r%‘%lqﬂ"%é”ﬁéahéﬂ'feor

det er ni RFRGSE3SF gA4I thapl mandee cachirvaved Usy prioyi siach il tie Apyid i ary and

by the tggegﬁgggeir?@sﬂgc§£§x{ug heﬁhco rjses neans for calculating a

transfer function of the Srgna %%t &R tW*FRQBHQHQuAQJrewwducer. 16.

The appAftivation ofit the noushibpttsn as6 imh¢ i rgsje%hvé%e]raeitn t he means for
pat ﬁ

cal cul atj ransf er function of the signal Fough S8REL8gxi i ary
transdu%g%at{’ HE? S oY F S RE9RRFR0% R4 it eneatyaliy ealtetl ahed transfer

functi ooutpio &f fthd elatdlte € INCE Sol t t he signal path through
the auxjjiary transducer. Spridife %7 With The speakdr volce
or-at least with the output of the podium microphone 20.

Activation of the pushbutton 46 may cause the processor 24
to enter a 10 second matching routine where the spectral
content of the signal from the lavalier microphone 22 may
be matched with the Spectral content of the podium
microphone 20,

[0027) Further, it has been found that the matching
can be accomplished within the processor 24 in cases of
relatively large signal excursions. For example, the
processor 24 has been found to work reliably with level
differences of +/- 10 dB.

| [0028] In addition, the processor 24 may be provided
with the ability to detect the presence of unmatchable
signals (i.e., different in content as opposed to spectral
levels). 1In this case, the processor may use a rolling
difference threshold to identify situations where the
overall difference in signal levels within respective

- frequency spectrum exceed some threshold value from one



17. The apparatus for matching outputs as in claim13 wherein the neans for
determ ning a signal anplitude output value further conprising nmeans for
perforning a Fourier €£onversion of the signal fr the auxiliary signal
t'ransducer and the reference transducer. 14 1 The apparatus for

mat chi ng outputs as in claim13 wherein the neans for performng a Fourier
conversion of the signal fromthe auxiliary signal transducer and the

ref eren transducer further conprises neans for conparing the anplitudes
of the (sé?’ré‘H Fsp?ﬁ)ﬂ’fit{ﬁ‘é R PeRFy tAmreducef hiwmitefmencetor ansgucer

w thin Bachceivibedf weayensys +19.. The apparatus for matching outputs
as in claim18 wherein the rr%ans éorl%gn%%rﬁ%%é@ﬁ%éanpl | tudes further
conpri ses nehf32%br Underi ¢ineg paediefrirerepa®odahua twokkhicReeach of t he

frequeng . aratus for matching outputs as in claim13
wher ei ng%{ﬁ%ﬁgrrggﬁ's or ’g‘lr‘]%\‘/‘? n%ni Qﬁqqﬁ%@WE@ﬁtﬁW%m dfe t he

f requensgpl dedeto fad et i € ONFEA S dBANSs { H é@tﬂé%dﬂlﬂﬂle@ adj ust ment

val ue fgr each frequency range based upon the use of "a predeternined

al gor i tﬁﬂ?eﬁfn%g‘é'p LRIRA Fo remhadimant o tthrutte s Hiramddidad3 wherein

t he neamsyf peraet 1 | Ust . val.ue further conprises neans for
constr uct:{ng aéjfiﬁ[%ﬂ# %ﬂge&‘?deég)érge@%qqatlers%qrcﬁﬁt hettadiQfst Mgt val ues of
t he pl UR&Yet%o dfe fa ayimmpharenges. 22. The apparatus for natching outputs

as in claim t her, conpri si means for defining the auxiliary
t ransducer ai&asf%vgﬁfigf %B‘Erb?)ﬂ%ﬁ%?a‘?%‘.i SRecdpparkteE the matching out puts
as in clmventdord urttepreuaydcy 2a WS & dehidliAg hglsfarence

'S

t ransducer as a odi um pount ed mi cr ophone.
with inputs and 2 outputs. A first input ‘may be the

reference input {(from the podium micropheone 20) and the
second input may be from the lavalier microphone 22. The
first input may be transferred at unity gain to the first
output 50. The second input may be digitally processed so
that the second output 52 matches the first output 50 in
level and spectral content at the end of the matching
routine,

[0031] Under-another illustrated embodiment, the
processor 24 is incorporated into a wireless receiver for
the lavalier microphone 22. A Separate audio receptacle on
the receiver may be provided to plug-in the podium
microphone 20.

[0032] Alternatively, the processor 24 may be
incorporated into an audio mixer or automatic mixer with a
reference input and multiple auxiliary inputs. 1In this
case, the auxiliary inputs are matched to the reference
input, as discussed above.

[0033] A specific embodiment of a method and apparatus
for matching transducer inputs according to the present
invention has been described for the purpose of

illustrating the manner in which the invention is made and



24. The apparatus for matching outputs as in claim 13 further conprising
means for defining the audio signal as human speech. 25. An apparatus for
mat chi ng an out put of:zan auxiliary signal transdgger with a reference
signal transducer whete the auxiliary signal trawsducer and reference
signal transducer receive audio signals froma conmmon signal source al ong
different respective signal paths, such apparatus conprising: a Fourier

Che ot | Tary s byt Rt crarele b tndhoEbs e fhlatarfon “af Ll urali 1y

the auxiliary and by the referéncé trans @tplurality

of differker varjaehoys ramgeasodhftespbons 60 the Bweeer Sbnaharecei ved
al ong tpgrres ective si%{]ﬁhlggt hs; and a filter adaﬁéed to match the signal

anpl i t udaT BT PUTSRET TR aAWBRPRTERY £P aPReuelkilivd hin heheiamil

anpl i t uged othput thv@l Uevaitide {81 LEENCEnL £85S “Bhe LL1hin:aL |east some of
the plurality of different frequency ranigttg,\é;(.ﬁl %g \é\é%%%{;frla us for matching

out put seBROGHNeRbs niescribeder Boepefeiag Bt nbs réonpemekbssed eslapted to

cal cul t cii he_ si gna h of the auxiliary
transdﬁ%@r’% r%l?r?t %é%%%@naﬁﬁg%pﬁi?%ﬁea%tﬁ% %ﬁid@%‘sléﬁ?aﬁ?@%@par atus for
mat chi ngaoia pitss asor neqlaral e é UFRAET £L0IME SN nd 14460 JPQCESSOr

adapted_to invert %q:entransj er function provided by the matri’x processor
into th%n$i??%§? 9’ e basic underlying principles disclosed and

claimed herein.
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28. The apparatus for matching outputs as in claim25 further conprising a
conparator adapted to._conpare the anplitudes of the signals fromthe

auxi liary transducer{and reference transducer wifhin each of the frequency
ranges. 29. The apparatus for matching outputs as~in claim25 further
conprising nmeans for defining the auxiliary transducer as a lavaliere

m crophone. 30. The apparatus for matching outputs as in claim?25 further
conpri sicngifgans for defining the reference transducer as a podi um nount ed
m crophone: 31. The apparatus for matching outputs as in claim25 further
conprising nmeans for defining the audio signal as human speech. 32. A

met hod ef magchj n t,froma portaple_signal transducer with a
referengé si%ng%gg?gn%gﬂ%ggcﬁh%?ea?hgu%B?Faﬁfeagi%ﬁ%}l%%EYC%i%%ﬁﬂreference
signal seansdutereiiehsigrafsreheads dihi Br epinsa@ddt PR HS  pisich net hod
conprisin ,ihe st%;_)s of : converting a signal fromeach signal transducer
wi t hin ngiL HBE¥r ARyl t Franadnerh andoraference i siondl freansdoyeranpl i t ude

I i ped . Aadj usti i tude of at

east soneool ot R S e e S TR e BT R = ErThe por tabl e

transdudéffesestibsespectl vy sbyual spais osporidimetised @mdF BHUNCY

anplitu £ vg£g§§ gé_the reference transducer. 17

.AV/.A@?.%\\ CATLUAXTA DA ASC A ALAI?AL.ANA LA A LA QXTberho}-<

"/ 6] wr mgb coennl g Ca | £Rgieat ; ajJ cal] ca] ca

0 ol cauf calCatd e call at calcal o AUl caoH GO DLav] o

'Vitojd_wTT% Lﬂé%}%%iﬂ% and by the reference transducers within

plesitependelon ol ctleptentd cbdqihia ldga st oo ca oo

T I ot o

a] ca] ca cal].ca] cal] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] ¢

aU] ca] ca ca‘fﬁ'%gg’s ztEgDeHal 666777799: : ;

| <<<0>U>V>} 3 AARAARE wirth oG4 |aeltialerl GHGRIC alaale ¥l talcal cal c"a] cal ¢

aU] ca] cay] cal] cal] ca] ca C%] cal ca] cal] ca] ca] caJ ca] ca] cal] ca] ca

CDDE@E@%:’(;’]@%M% R \ "R NN A INsomevafh ¢ bflejredlica] ca] ca] c, a]

géﬂgﬂg]ﬂiﬁdgp@é@%@g@éﬁif%\am tAleR Gplnlhdl Gkgakealeal cal cal cal cal

Sq STTZUARAReRbbteder TRt VAU |ofi rihe” Yelflecknakc draakdakea).ca] ca] ca] ca
caJca]ca]callc

L]CL]CL]CL]cgﬂca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!]AO__C‘bquTTZUm

V?V\V\YJ]\) XXX eZ Tl tPhod o] aftjabrimac ¥itPhelsc akcahcal aamcal gakeal gal cal cal caj ¢

a] cal ¢ . , . .

a] ca] ca] a1 e S ALOMPEIFGa o8] SipRallc apeditupeapaspus] valaeraE10%& () - %

&Cc10%& &AW & LOKE . v o

$100&: (tgl?e@ow&' Ol)_-rﬁgaa %5%?5\%3, T03E e SOPREL8SE: PFOYAIER% & 0525

T #1 10%9E PP FRAEL poBetEeen- dhel sdgRa(l) anpll HgHe0OE 10B@& 4hxiliary

Tov () QST 1 OT0HE S RFPCRobERRFRPTBoMi Fin each of the

plurality of frequency ranges.

3. The method of matching outputs as in claim 1 wherein
the step of determining a signal amplitude output value
provided by the auxiliary and by the reference transducers
further comprises calculating a transfer function of the

signal path through the auxiliary transducer.

11
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4, The method of matching outputs as in claim 1 wherein

the step of calculating a transfer function of the signal
path through the auxiliary transducer further comprises
inverting the calculated transfer function into a filter
that cancels the effects of the signal path through the

auxiliary transducer.

5. The method of matching outputs as in claim 1 wherein
the step of determining a signal amplitude output wvalue
fﬁrther comprising performing a Fourier conversion of the
signal from the auxiliary signal transducer and the

reference transducer.

6. The method of matching outputs as in claim 5 wherein
the step of performing a Fourier conversion of the signal
from the auxiliary signal transducer and the reference
transducer further comprises comparing the amplitudes of
the signals from the auxiliary transducer and reference

transducer within each of the frequency ranges.

7. The method of matching outputs as in claim 6 wherein
the step of comparing the amplitudes further comprises
providing a difference value within each of the frequency

ranges.

8. The method of matching outputs as in claim 5 wherein
the step of providing a difference value within each of the
frequency ranges further comprises determining an
adjustment value for each frequency range based upon the

use of a predetermined algorithm.
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9. The method of matching outputs as in claim 5 wherein

the step of determining an adjustment value further

comprises constructing a finite impulse response filter
I

from the adjustment values of the plurality of frequency

ranges.

10. The method of matching outputs as in claim 1 further
comprising defining the auxiliary transducer as a lavalier

microphone.

11. The method of matching outputs as in claim 1 further
comprising defining the reference transducer as a podium-

mounted microphone.

12. The method of matching outputs as in claim 1 further

comprising defining the audio signal as human speech.

13. An apparatus for matching an output of an auxiliary
signal transducer with a reference signal transducer where
the auxiliary signal transducer and reference signal
transducer receive audio signals from a common signal
source along different respective signal paths, such
apparatus comprising:

means for determining a signal amplitude output value
provided by the auxiliary and by the reference transducers
within each of a plurality of different frequency ranges in
response to the audio signal received along the respective
signal paths; and

means for adjusting the signal amplitude output value
of the auxiliary transducer within at leasr some of the

plurality of different frequency ranges based upon the

13
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respective signal amplitude output value of the reference

transducer.

14. The apparatus for matching outputs as in claim 13
wherein the means for adjusting the signal amplitude output
value of the auxiliary transducer further comprises means
for providing a one-to-one ratio between the signal
-amplitude of the auxiliary transducer and the reference
transducer within each of the plurality of frequéncy

ranges.

15. The apparatus for matching outputs as in claim 13
wherein the means for determining a signal amplitude output
value provided by the auxiliary and by the reference
transducers further comprises means for calculating a
transfer function of the signal path through the auxiliary

transducer.

16. The apparatus for matching outputs as in claim 15
wherein the means for calculating a transfer function of
the signal path through the auxiliary transducer further
comprises means for inverting the calculated transfer
function into a filter that cancels the effects of the

signal path through the auxiliary transducer.

17. The apparatus for matching outputs as in claim 13
wherein the means for determining a signal amplitude output
value further comprising means for performing a Fourier
conversion of the signal from the auxiliary signal

transducer and the reference transducer.
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wherein the means for performing a Fourier conversion of
the signal from the auxiliary signal transducer and the
reference transducer further comprises means for comparing
the amplitudes of the signals from the auxiliary transducer
and reference transducer within each of the frequency

ranges.

19. The apparatus for matching outputs as in claim 18
wherein the means for comparing the amplitudes further
comprises means for providing a difference value within

each of the frequency ranges.

20. The apparatus for matching outputs as in claim 13
wherein the means for providing a difference value within
each of the frequency ranges further comprises means for
determining an adjustment value for each frequency range

based upon the use of a predetermined algorithm.

21. The apparatus for matching outputs as in claim 13
wherein the means for determining an adjustment value
further comprises means for constructing a finite impulse
‘response filter from the adjustment values of the plurality

of frequency ranges.

22, The apparatus for matching outputs as in claim 13
further comprising means for defining the auxiliary

transducer as a lavalier microphone.

23. The apparatus for matching outputs as in claim 13
further comprising means for defining the reference

transducer as a podium-mounted microphone.
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24. The apparatus for matching outputs as in claim 13
further comprising means for defining the audio signal as

human speech.

25. An apparatus for matching an output of an auxiliary
signal transducer with a reference signal transducer where
the auxiliary signal transducer and reference signal
transducer receive audio signals from a common signal
source along different respective signal paths, such

- apparatus comprising:

a Fourier processor adapted to determine a signal
amplitude output value provided by the auxiliary and by the
reference transducers within each of a plurality of
different frequency ranges in response to the audio signal
received along the respective signal paths; and

a filter adapted to match the signal amplitude ocutput
value of the auxiliary transducer with the signal amplitude
output value of the reference transducer within at least

some of the plurality of different frequency ranges.

26. The apparatus for matching outputs as in claim 25
further comprising a matrix processor adapted to calculate
a transfer function of the signal path of the auxiliary

transducer from the signal amplitude output values.

27. The apparatus for matching outputs as in claim 26
further comprising a filter processor adapted to invert the
transfer function provided by the matrix processor into the

filter.
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30. The apparatus for matching outputs as in claim 25
further comprising means for defining the reference

transducer as a podium-mounted microphone.

31. The apparatus for matching outputs as in claim 25
further comprising means for defining the audio signal as

human speech.

32. A method of matching an output from a portable signal
transducer with a reference signal transducer where the
portable signal source and reference signal source receive
éignals along different signal paths, such method
comprising the steps of:

converting a signal from each signal transducer within
a predetermined time domain into a plurality of frequency
amplitude values within a predetermined frequency domain;

adjusting a magnitude of at least some of the
plurality of frequency amplitude values of the portable
transducer to substantially match a corresponding set of

frequency amplitude values of the reference transducer.
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