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BACKGROUND (5 - THE | NVENTI ON The present invention gene_ralllt%zmgs% £e to

di rectional” mCrophones and, nore particularly, to a directional "m crophone
having a m nim zed self noise level in order to achieve inproved dynam c
range perfor mancep; ieCihpANAIBED ,ﬁfﬁl&‘&@?hbb#bsed in the

prof essi onal market for various applications such as news gathering,
sporting events, outdoor filmrecording, and outdoor video recording. The
use of RigseREFERENCETO T NAFSSAPFLICAE®Nst ypes of situations is a necessity
where noise_is present and there is no practical way to place the

m cr ophone Nepec| ose proximty to the audio source. Two kinds of directional
ni cr oplSTATEMENT ASTORESHTEIRY INVECTIONS MADY DEDER REDERALL yrseONgOREDPhONE i S
cal | ed RESEARCHWNDDEVEPOEMENTHI ch is al so known as a |ine plus gradi ent

m crophone. Shotgun m crophones typically conprise an acoustic tube that by
its nmechaniBade structure reduces noises that arrive fromdirections other

t han di L B Af ! phone al ong the axis of the tube. The
second y%?%?kgpr@%ﬁ)g%#%lﬁ%mne is a parabolic dish that concentrates
t he acoustilongi gnal fromone direction by reflecting away other noise

sour ceg Adidr, bp-@]ﬁch\,m&@ away fromthe desired direction. Both of

t hese types of m crophones have a fixed directionality which provides good
noi se reducthedreset Brentiongenewlly wsiates i dirgetions) miqrophones andemprs particHesivetper |

typi caly ditbdigfd] ffiicbhod¥neviRP RS- S1tblk Bdisel16velth arabiup BbievOimptb i@ dpamtcages such
as poor noi se reduction for noise sources in front of the m crophone, |ess
t han i MPEEBEINRADI se reduction performance in | ow frequency bands such as

thgse ?)f a Bﬁ@ﬁé‘dﬂﬁicgalpﬁdnc{Mhiv{ﬁblytuyggiiﬁ;&hbxwfeﬁdﬁﬂmd eh&a%ﬁ&fap@ﬁcaﬁ&ﬁ- 500 Hz))
and col oni zati on. probl ems create t he tight endency of t

m cr optiERes B BPREEG RIS §Vers oF 8%1{%35"399“!"??{1%? °‘§%§r ?eé’dé??ﬁ%v‘ &E% ponse of

t he m asoghigrentiond micodphonex indtesatygéses sitnetionsis @ necessityywheae naseds prisentand put nmay
sound . . : P 99/ 33324

poT] Usqi e MR o R Bt bl Bk o gtﬁ’?&ﬁﬁ%‘%@g or ol even

el ement s whTehkiadsef dipestienz] wigtophonssarenmaisa tadagig dpe obditentidnalgy) nmay be used
to prov: i I i j: t: L4H deal; uggﬁﬁ ; L.crophone or
par aboﬁlgt%%t?’g_ !.s c?%&th%?gn%%ﬁgu%f%héfgﬁgﬁﬁ%ﬁthﬁ&eﬂdi recfhrt %p?%‘%' is fixed,
and t hShpigurpisrapyonestypierlly compyise pryacqustin Batthat by ts meshatical fyaturaredipased to a
range froRes bl Gmve BAR dirtetionkdtheOtBirydind@ly i ot BIRAOMBrobhtRe BIBRE GE BRSO this
type of mcro%rgoone is_to increase the ph SBE%' ize of t g}éarray or utilize
mor e i rfdfeyitBY “fdri“@f’B‘Eﬁ‘i‘i‘}i’f&“ﬂi’ﬁ‘i"’f"l’ﬂé’“‘231’|"‘F‘Biv":xbo shy that concentates e AvPsticesponse

| i m t atsignal fvki @b dirdatien dyarefeating dway athel noist Suésfthat hre in adirtidn@wapfros frrech

si gnal sdeshgeg%guﬂgnor par abolic m crophones typically are preferred.

Both of these types of microphones have a fixed directionality which provides good noise
reduction from a direction in back of the microphone. However, typical directional microphones
suffer from a number of disadvantages such as poor noise reduction for noise sources in front of the
microphone, less than impressive noise reduction performance in low frequency bands such as those
of a speech signal (which typically are on the order of 300-500 Hz), and colorization problems
created by the tight dependency of the microphone's directionality in frequency. Thus, the frequency

response of the microphone at "off axis" angles becomes irrégular and the output may sound odd.
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Hand- hel d m crophones may be used for interview purposes. An i To¥AYa 2802
criteria for .this application is the rejection of unwanted background

noi se, especially when the interview is conducted outside where various

noi se sources may be present in addition to the desired target source.

VWi | e shot g 8A33p2r abol i ¢ m crophones al | ow background noi seTig9822326
rejected, these devices are inpractical for use in an interview situation
due to their large size, awkward perfornmance at cl ose range, and
difficulties a I th of fers
a techni que knz\)ﬁv\n%&g’%%gm% {),J{”'p aﬂﬁgémnbg' il ghe og:élegglld%eg%wgﬁgrg%% colgy
spatial |y sifsted ubng aalog eaaknoiogy) mAvEsusEddY erowémdlrre@pniaﬂrpl% l\m?ﬁ%weﬁhamee t he

si gnal s Copbian Hcmgme%?ﬁmb%qc g, Qﬁtﬂeé}ngé@?bﬂrﬂicx%ﬂmwﬁﬁHiﬁgu&iag@?é fixe8 QL NY
fromdirections other than the desired ection capabi ity

of provi di i Tedvency sRoTaF 1yt askeaIfiea) deaivgp dirptehi Wfﬁa@éow 0%z ke og

m cr ophoneoniy My tb (ifpr& the ek féfnaate dfiils (FHI T ficraghons/is tol 1ﬂcr@§d’tﬁé pﬁ{ysxcatl kes 6r are
two beanformn technl ues lt\glawgh are di scussed fPH‘? ter detail hereafter.

First, a nBhaySpriive onef, iyt fzray, W rHGCRBEimber of

pr edet er i eithtioO@hith Riteefeies with mmrcualoffmvaedeﬁt&nlmeemﬁahrsrmals,tmm lot fardboMEA X1 MUM
sensitivi tél hm ni nu sensrle VI ty (a null) along a desired direction. The
per f or mancBBPh RS RC Y A I Beant or mer is |inited because the

predet er mi ned fHahd-kaid mmedpbom gnay ke wed foointealidvopurpnsést dntiwpdgtentstiwger this t he
direction erfer Qi kN a

dynam cal I%fph aﬁ%"g’%&‘g %@?ﬁ%ﬁ%&%ﬁt%eﬁdrﬂang% g %c%'? v rr?or mel'rs i ncl udes a
filter havéongductedefitside where variopanoisgseurees ey b Ryessutyn eqsam @dhetdsswmtamt t he

beant or msrsome o shb@ud &%aﬁbare% T%ﬂog&amwﬂac%m&d%ﬁe {o%gre,%ecgaqﬁesé n a

dynam cal Ia/ changl ng enV| ronment adaptive beanforners low nulls to
be placed dqvicarzompmite! {F W@WWH%“B@%BF@Elaé%ﬁffzﬁ’éyki’”ﬁdaef&ﬁ@h@“-ng

envi ronnenitclomlmllg% A At bulees RASTHS VAR Hd1di| nngHddi&c& gni ficant advantages over
a conpar abl e anal devj ce, adatgél ve bea

evi ce arellmtedln
resol ution, dymis “"?h&ﬁ & olfrsp hﬁﬂ&?@&“ﬁ%‘?@‘%ﬂ% ERYEFem an axave 26 )
s MAY 20020ﬁéﬂtﬁw aaaaﬁmomaﬁan&w&mbm i0 adfl toenandé the sighalstcodidg from a

i ncor por at e with a directi ch a_.shot gun
micr ophoneg ‘%ﬁg’g pﬁgss'ﬁﬁélgf’ %ﬁ)ﬁﬁﬁg&rﬁmm@g gﬁt}%‘“ rré?me‘%‘%feg%?”s of

t he presenThis hnse&mtcapzhxlmssoﬂpmvpimz\thmm&dnhcgomhtb' aawclﬂéb@ragded by a:canalogial

m crophone I r d self

noi se Ieve?m{(]dﬁ)ﬁ eg’whﬂlle?sg‘?cgi%éq%%&?%rgg g\glﬂe&%%ergéggﬁest yn Cc range
per f or rranc@chnambWlscheeasmoysssé@cﬁeaméhtmlé@tmm m cr ophone according to the
i nvention CO”er'u§te§non@ad§Jh% géé&f&ﬂn@f:ﬂﬂhﬂ%e'ﬂ%‘ftbfﬁlwﬁ@a RlROR bRt HaRa Wi Ch IS

designed to control the directiviiy of said directional m crophone at

frequenci egeckisisnis wiich alioyss:ths brrmamer toexhibi saimpm SeRsiivity pRRIMUET SRSy (2

m cr ophoneﬁmglat@ﬁg @Jlélsx‘l)‘cdaﬁrre&ﬂge@lh t aﬁ@o@aﬁmcgmewd @ﬂ&qmmtmécaases'h gnal

processor ectrica conn 0 said nd. r ren crophones,

said si gnaﬁ‘eﬁf%ﬁm Yensestaeipgitd cﬂﬁﬂ"f" ggéﬁé“ﬁgé‘} ‘P?ﬁ?}ﬁ‘: ﬁﬁ‘feg‘]"FP‘E?Fn t he

]E)orti ons ofhaf hgy eiisig:lﬁadﬁberﬁdi@ﬁ‘aﬁomﬁardﬁa&ﬁd @nﬁ&aﬂmgd @pﬂmmst. mhsoﬁd) glhﬁmﬁuvel
requenci e ner a el.ow, sai edet er nm ne | si gna

processor E‘B’ﬂg Wﬂﬁclgdﬁfﬁkgﬁﬁé‘é‘ﬁ GoRicients hayae Rngayo é‘nt%%l B sai d

shot gun m bcwﬂmoh@pgamwmmmmadsu@w@ﬂmamamhw charging

originating_f i adi rection

ol ong the. PHRH b Waull neifordbl B A WSRREARIART LR, Gofthl

ori gi nat i ngrovenesm df@oiae fouress ippiskanugp gaviropmdnt.ont of the directional

mi Crophone i aweild ek Bealeibes bliFick ALV aei0er hmpalifk Shig 03t ed

t ube are suppresse her objects e i nvention inc for ‘exanpl e,
provi di ng &4cHtegidertive heamiarunecisvigesaedinited in reseiution SImsmee r@rrsat%wm gagise

i nproved target signal resolution as well as inproved target signal to

noi se ratio. BRI EF DESCRI PTION OF THE DRAW NGS Figs. 1A and 1B are a
perspective and a perspective cutaway view of a digital and anal og

di rectional m crophone according to the present invention; Fig. 2 is a
schematic, block diagramof the circuitry used in the digital and anal og
directional m crophone shown in Figs. 1-1B; Figs. 3A and 3B are schematic
di agranms of the power supply circuitry that provides | ow noise power to the
circuitry shown in Fig. 2; Fig. 4Ais a schematic diagramof a preanplifier
and imter circuit which is used to anplify
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and linit the signal fromthe shotgun nicrophone shown in Fig. 2;~6 May 2002
SUBSTI TUTE SHEET ( rule 26 ) " 6 MA4Y 2002 WD 991 33324 PCT/ US98/ 27326

Fig. 4B is a schematic diagramof a bias circuit which provides a bias
voltage that is supplied to the circuit shown in Fig. 4A; Figs. SA and 5B
are schemat iWO4dg4ans of the different anplifier and shel viPogusdsrgiet S
showmn in Fig. 2; Fig. 6Ais a schematic diagramof an anti-aliasing filter
that processes the beamsignal fromthe preanp and liniter circuit shown in
Fig. 2, Fig. 6B is a schematic diagramof a bias circuit which provides a

bi as vol t & g areldiffiguliyte HICPrPARIG Hian tilize gy ith g rectiprgl miproplong sugh pepsieteen di agr am
of a reconsitfopdnt.on filter and pad shown in Fig. 2; Fig. 8 is a schematic

di agram of the headphone circuit shown in Fig. 2; Fi g. 9 is a block diagram
which illustrates one nethod of operation of the digital signal processor
shown in FBI{IEESUWAH@F'DHEH\B/E—NTMNCK diagramwhich illustrates a second

nmet hod of operation o | racessor own F g 2.
DETAl LED DeacRPEA iR ity “g %&“E""S“%‘W‘aﬂp ‘ °p’°v‘d°§1§ ; a?&ﬁéllrpgpect i ve and
cut - anway \Aimmnaiﬁmao;moga wlabh adldesanadapgvedxcmumemhad a minguizeg kel fiwist @velac or di ng

to the pr t ndl e portion
12 and g goz%gg?xjcgz ﬁ&%@@ﬁ%ﬁ%{%&% cr 29%}&%%@?1{8&%%%%%%?% br gcket
18 inside the ms@wnqéwqrpmnelm@&nzﬁo mcﬁmpﬂs%mﬁhﬁa!ﬂdmﬂdphpeﬁ erence

m cr ophoneaawagm Aengattdub@RicRR d&i@mw@ﬁmpa&r&ﬁa@%ﬁmd redidfal Aigoppbiat | al 1y

arranged about the 1ongitudinal axis of @gun m crophone 16. The sensor
portion 148t freuenrirssbqve P@@dftamn}eé frederayo ﬁtéeaz owreferenrs Fm%'QHhP%F@u%und

per meabl e iah®H bdut dalishot@hd ﬁuropmesah@a Spi ﬁfbé‘e@éapél&iﬁﬁ:allﬁco&[wted gfsqgence
mcrophonh% 20 2 to recei V?\p %Fugls froma tar lLalrce | ocated in front

of microp {FreiTE EeP §i§nah Blocesser geng “’l‘ﬁ‘&tF PHEhErneeding igrals ons 28
al so al | oWrdnihe perfias@nMe sighdls phanasfeRite Acrbshoh@ etich Baveleqrch@isghRRNs gnal s

ht Ch O T GL0Rt Sl AL, IS, 25 SOH S5k o5l ol i

the signal from said shotgun microphone to generate an output signal in which signals originating
from in front of the directional microphone in a direction along the longitudinal axis of said tube are
enhanced and signals originating from locations other than in front of the directional microphone in
a direction along the longitudinal axis of said elongated tube are suppressed.

Other objects of the invention include, for example, providing a digital and analog directional
microphone that provides improved target signal resolution as well as improved target signal to noise
ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are a perspective and a perspective cutaway view of a digital and analog
directional microphone according to the present invention;

Fig. 2 is a schematic, block diagram of the circuitry used in the digital and analog directional
microphone shown in Figs. 1-1B;
Figs. 3A and 3B are schematic diagrams of the power supply circuitry that provides low-noise power
to the circuitry shown in Fig. 2;

Fig. 4A is a schematic diagram of a preamplifier and limiter circuit which is used to amplify
and [imit the signal from the shotgun microphone shown in Fig. 2;

3
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10 along directions other than fine |ongitudinal axis of shotgun m crophone
16. Mcrophone | O also includes a printed circuit board 30 which 6i gay 2002
nmounted within handl e portion 12 and includes circuitry disposed thereon as
di scussed in greater detail hereafter. Shotgun m crophone 16 includes an

el ongat ed twdbes/psrst i on 32 and a base portion 34 attached tpchusakeinel8 as
shown in Fig. 1B. The length of interference tube 32 controls the
directivity pattern SUBSTI TUTE SHEET ( rude 26 ) " ~~ MAY Zpp~, WO
991 33324 PCT/ UsS98127326 of shot gun ni crophon TV ' un
ni cr ophones haiE g ‘Srae‘g*&‘ﬂa %‘ﬁ%ﬁr?"gﬂgabﬂaﬁl%c%c‘)”?‘fcﬁgﬁgl gtsrael}{%e"gl@rl %gﬁt 1?(%l%\%\/gcrdk down
t o frequenchesmciir dowaimdid. 4800 to 300 Hz. However, the length of the tube
portion creat undesi i i UEHiE&Snd drBlvRg BRduitvor ds) the
| onger the t up&™ %aer’%lsg\%%r&%ﬁ? élg%%%ge{cng&\;\%ﬂi ch the undesitgr ed | obes begin
t o mani f estowhlrelfige, ves. Because an adaptive algorithmis used to control

the directivity BELONCRHHE ainkll of AN Al@hg Hih@uPROlck R ERanSistNTRAN { O

allow the directivity of shotgun m crophone 16 to be controlled by the tube
portion 3theipresmp nddimitsr ciggpipeheWa i Figfiiency of 3 kHz. The directivity pattern
of tube portiqRy 3B iLGhAAAE dibgard oS4 BIR b WHichrovidedebiagobiags i the gitcuis
gradient pattern below this frequency. Preferably, tube portion 32 is

appr oxi naf@l“?“SF‘Erﬂ:‘Hes Long which allows, for exanple, mcrophone 10 to be
conveni ently u§gd i Dichénittie didgram/oparepmstastionilguand pad shewmindigh&mat i ¢, bl ock

di agram of the_.circuitry .that is.used i I Gk and is nounted on
circuit board 363 1%%%3%?:&":%3%65%‘55” %\%rén élg@%ﬁggﬁi crophones 20-26 are
connected to [Figaripi bibckeliageanowhictnillostrtesine ogthpdofdgeratipngEthe diglhdd sigwl r cui t s
36-44 are _equival ent. f“i!m clude a | ow noi se preanplifier having a gain

st ruct ur e PERFEH SRR JRSEGHEG such that the gain of the preanplifier is set
to a | evel whikKip 1pusblodsdiagrinwhichiibestrats asprondimethesi opraahion of the digitpbsisnalist

bel ow t he i |l g of the analog to digital (A/D) converters

provi ded ipgoglés;ﬁ%éuﬁn?ﬁgg' gnd 48. Figs. 4A and 4B illustrate a preferred
enbodi mrent of a preanplifier and limter circuit which is connected to

shot gun mgEQRheRerierPAfON Eadi |y apparent to one of ordinary skill in the
rel evant art, other circuits nmay b rln&ri crophone

i e ytil Zt'ed' d%utt%‘t}%i w(/:ie so%q(a.t(
has a dynami c Refrges BFEspll C-AMmGE o BEPEUSE X GFeaTer " Wi Ch af T ses from t he
shot gun i EePNRBESIalsEbbpHYAE HEacsqraiag foi ttetrésem invéntit@arDEhoRR| MisnepherexdiOmum SPL

capability qf 124dh SPL. These specif.icatio . i ot gun

m cr ophoné® Wﬁf?ﬂ?¥8ﬁ°%{£m§85@g%pﬁ@8% & %lgtg%{ %5@?%&?136:&?&&%{5%%&

di stance agadsellB iR taeensegadrtibn 1 4fmipropeneli0s Forckrdeid yirsmce misroRRF Y hone 10
|s used ne rZJ A s a?corrlilglugltezl:g:x?{arqacct Maghglcéﬂaﬁﬁly?aﬁﬁxg@ﬁhﬁut%l&%itﬁ&%@ﬁﬁlfl ows t he
gr eat est ham'C Tange pertormance to be achieved. The apalog to digital
convert er shsigeh misraphane .t Ehedensennartios 1 inalpdses Hteyabie perions 8 anptisy fultabipi oy

provi des asoqyriﬁmi&bl% 3061 Har ABwAR: shbBuPhdRPhdno 16 H6 tFasRe hltfopBRRALEDE to
dynam ¢ range)  an output level limter is lacgd |1€a1eac of the. cir cuits
36- 44. Eactecqiversignalp ﬁgne@szeawﬁiacﬁa&@rﬁymf?gm e L 2T Y RFRPHE &8 Pon

whi ch i ncr g@aode8. PoHIGERE albAIGR R refelefrediicbphgnes 20-26 yirdceive inBriorenceer s to an
apparent dynam c range of 115 deci.bels. The utili.zati. . vel
limiters | &egsisarhishoggingie o yarous quseém}gt, “%ﬁ?ﬁ% °?r#§9%§a§a$n82& Jr’:}gélhtglégcoul d
be i ncr eas gplalbig ditsétidfs dlhep thamihe fonpisdinelraxiz fof $hbtgen microplivac i ANioYPISUBYHITUTE

SHEET ( rule 26 ) . ,~ 3 MY, ~~. 99/ . P Highital
conver si on‘“ﬁ*“g’éé‘é’gf‘“‘z)?“&&‘ég@fdf]?’é) vg“é}?%?f’“en?e%nu é‘?gl&(i#%é ?iﬁﬁg%c 1{eaedi gi %rgl

si gnal pr odessalthdtnaodiseaspdindraagr getiiftereafeses conput ati onal conpl exity and
limts the anmoypt, of _processi I I B budd-pégence
anplifier and gsﬁxg} I ‘r‘m‘%“g’ﬁ?‘i%zﬂ? ﬂg}up%sﬁfgg%%hglggp%@&ngggﬁ% ectr ih?g_la’_l y connect ed
to an out ptd braketBesshpivi ini Fig. 1Bndh¢ lendth efiinterferanes thby 33 69ntyals theqiroppiyinypagiera
supplied to, respectively. Crcuit 52 generates a signal which is equal to
'he signal fromthe m crophone 20 m nus 4 he signal fromthe m crophone 24.
Circuit 54 creates a signal which is equal to the signal from m crophone 22
m nus the signal from m crophone 26. Both of the circuits 52 and 54 perform
a shelving filter function which boosts the | ower frequency signals by 1.5
dB whi ch is advantageous for adaptive beanform ng purposes as discussed in
greater detail hereafter. The 1.5 dB of boost is created by reducing the
out put of the higher frequency signals which neans that | ow frequency
signals are passed at unity gain and higher audio frequency signals are
reduced in magnitude by 1.5 d8. Figs. 5A and 5B illustrate a preferred
enmbodi nrent of differen i i/ i bigey circuits 52 and 54.
As readily apparent tog(yl gét‘@ﬁﬁ@%ﬂf (i ﬁu{t{hé%rjel evant art, other
circuits may be utilized. The signals fromdifferential anplifier shelving

e — o o e




Digital versions of the output signals fromfilter circuits 56-60 are
applied to a.digital signal processor ("DSP') 50. DSP 50 is oper N\ZM;/
coupled to an EPROM 62 to all ow adaptive beanformng to take place as

di scussed in greater detail hereafter with reference to Fig. 9. DSP 50 is
connected towewmsmenstruction filter and pad circuit 64 via pitraisb@73ie0

anal og converter 62. Crcuit 6 SUBSTI TUTE SHEET ( ruie 26 ) a 6 ~l AY_20a2
WO 991 33324 PCTI US98/ 27326 62 includes a 10 deci bel pad circuit which bungs

the level gfshbigen ﬁmt»d%&nes'cgm%maﬂp\eﬁbtg@ nacrs,smgamhgwsmm&@eu@t,asraw;sa !

term nal 66. A headphone circuit g g@o géolglh_g)recontructlonfl ter
and pad ci Fﬁséﬁnfd @AVW‘bdoéW“I‘BW%‘e’E%"é °’E“ P4t SPHA 20%% ARWBYR SRt iensth of fhe twbegi t al
and anal og pﬂftlﬁrf ﬁadmmﬁdeiﬁcdaﬁbe@uﬂmltsfremcnamd Id 2therAvopisghelbngedithe rbadiendnd; f or

circuits 6 ar own.in hgt rCU|ts shown
in Figs. ﬁq‘éengayr W§1 n}erufl%ea‘e{ﬁd lo%gtﬁeﬁél t?éngm?e > t}u?hg‘fetsa cﬁ%te g“idﬁ “As readily
appar ent t algomtbmoﬁ usexd ticpztroy the Idlr¢ctlv1tyr’pet01°ve3 Kzt the bltlaﬁeqf t@nboidpms ghogdh tei rcui ts
64 and 68 %*ﬂ@dﬁ’éﬁq? Jr WW%@Gnéﬁ% th bd .ﬁ,ﬁ&m&@ytﬁe &se(#ogroﬁ 389 ei%y&pl yi ng

power to the circuitr rou can

connect ed ®kpvan ﬁ”e%{eeqyr?éﬁ kHa\Elre dsra‘fiwtx/p%*a@wf ke POF"E’F‘ 3%5&%9?%0 2 &W}ﬂeﬁdtﬁaﬁﬁl e
vi deo camelaeatdGt jludadion aafehpse&wms ﬁaﬁm@ pzlakayaswerabe poltion oKl d be

appreciated that the individ corrponen he circuitry shown in Figs.
4A-8 may bePRRNIBaelid “tcbesn‘?’}ﬁ‘ﬂi“%’eal ¥ FoE ﬁ’E“maPca‘F"r‘i“’P‘%P“&FQ'B\RF %?mfé‘ﬂé\*ﬁsﬂ #r the
circuitry tferPiewlplioss$) Si x external AA batteries (not shown) for portable

cirouit 78 at ’g‘ﬁ?fﬁﬁﬁoﬁg‘;g‘é"t“@gt'bﬁ*ﬁ{é‘%’%ﬁ‘ Py S byt R oA (et
separate v a{otxﬁgegzx diricui oA eis308 BhotBuh, mieophof6 16 and resangmpd mxcmghqnealmzsta& t he

CLTEU 1Y, SRl kb o BB : B U Gh SRR
converter dnciudeidtow n@&e arcamplifiephaving digaia trugtusawhidhyis désigied sich dmhthe gsn affthd he

reference i ophone
201 24 and TEFIRIN Bdh kL0 SARE ot BB okl G niclBlafcaPe M iafhel & OPONCS
desi gned t @oise threshelt of therpgalpg 10tdmtta1d6tD)amvelrt¢rwwé¢?é irecircwits 46 and+8d Fign 4dhe

di fference ;34 gAYl psé}e@erd%n@b&ms‘m b \eprl B HHE B Mindler m@m&m odrBRedRQr ti On

32 is designed to control the directivity of shotgun m crophone 16. In the
preferred Shassaimigraphong 16. t*‘érrsadégap&ﬁrent%%eé‘ﬁﬁ@éﬂu F‘F @rﬂ@ﬁelé"%i tnethes cisaits ng
frequenci eSnaG)fbeGansk and above. The filtered si gnal s fromfilters 88 cad 90
represent interferenc nal s recei ved from al_l thS ot her than the
desired directi 6ivRg! %ﬂigﬁ‘ﬁ &f @?ﬂﬁﬁﬁ‘ﬂ%ﬁ%‘“’f‘%”gg 8‘§ﬁ3&er PR appl i ed
to an adaptarisee &Bmltﬁdishotgﬂl mﬁd:@hﬁnles/mf-ﬁmlhd secifatiqarod tEBB SBL tddensingmedPy. f r om
filters 88 an e i

general ly r%pparlé1 ent {éﬁg?'lﬂn %ﬁ%géﬁ?ﬁ%ﬁlé%gﬁuﬁgg&ngﬁ%lhca&%rt&ltc)n of
t he signal té the necslhopicjuup mmdsemwedxit@mhﬂvelhastbpmmmmmmne@m thedel ay
circuit 94. ik § fh6 PHEREY 166 I gnal s
from adapti V(Lalja# terlgg%an%éﬁ%r}é%tgglr% si gnal és Smrmc{[{?ﬁ?ﬁst%%%
utilized t clysapte rangeperfprenagesrie b schisvpdsi gnal s from the signals stored in

del ay circuit 94nanghofRitidital QRvédief b in Sir&iftahc Al 40ekeradi) Brilwld mlts@m%h

el ectrically connected to digital to anal og converter circuit 62

signal at riseyédes pdymagicange eER3AB- Jy ordenke frareese e pRPaTent dyRpTiRFADgPatT °6H?“‘C‘F‘f°(1: ui t

102 and i s iin@fér fGkedliD e 3Pthé Miftuits I6t4ar EQR limSibipHvES BpptbkinfatalyFT T decibell 2 26 ) -

6 MAY 2002 limiting action which increases the dynamic range of the analog to digital converters to an apparent

dynamic range of 115 decibels. The utilization of output level limiters is preferred because, for

example, while the dynamic range could be increased by using a greater number of bits in the analog
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controlling the adaptive beanformmg operation of DSP 50. Each Qle‘MAY b i
program may be sel ected by a user by neans of a switch (not shown) that may
be provided on the handle portion 12 of m crophone 10. For exanpl e,
movement J¥OPHB3Zwitch woul d all ow a user to change the pPOgasa/Taz6aNet er s
in order to nodify the amount of directivity below 3 kHz or to allow only
t'he signal from shotgun m crophone 16 to be passed w thout the adaptive
beanf or td digjtajpronvearsion mbcesshproRSMgBEreatennunibesoflbégatiet, digitasseapaipebepsersod by whi ch
di gi tal C&Jre%ﬂhm%p%eﬁépéonﬁqmﬁmmm l@m?agd liditTRY aB&f QTpRcadaPhyY ©
beam‘ormng i scussed refe eto Fig. 10 hereafter eferring to
Fi g. 10possipl>ferepghsppple56 and 58 periodically supply digital sanples of the

reference mmem&raelpdﬁérfa&maoe ftd Bidufis M&\Eﬂsfs hxlet«,eaﬁcaﬁﬁc@ﬂe&e'a& &M crophones

20/ 24 and 22| 26 ers 104 and | ow pass
filterso4pd °5Pf82”1p}.’%er %gﬂﬁﬂﬁégg‘“f ?%’%%"}“g q/ﬂ)ﬁméﬂﬂ’plﬁ%" é?seecﬂ‘éeéy &’l@l’}tf allow a
si gnal fgémefates 8 €igndd &hidh fsrequal tolike sighacﬁb&ﬂﬁé/ma‘r'opwmahnﬁd’methb sipgl frafitieon 32 i S

designed.to.co ect.iv shot dovvn to a
| ower f FEAPRER %{}4 @gcmg%'scsm# flg}g ?[‘ "&ﬂi%ﬁ 15%%%2?1 %@‘8“% m"fli’s’enuat e and
filter diutslgaillﬁomrlmqmehweé@ Buith efttheavirenita b add St iperfaeskd viigfilenitadioti | ower "

frequengy; gggg i als fromfilters
| 04 and%& an R%e\gﬁz%rgtcéﬁag%%ﬂp@p g’%ﬁ%ﬁ%ﬁ/@%&fﬁgﬁd&éﬁgy gnal s whi ch
gener al Ibyanrfepn@semosmedlms@ mereetqt@tasrhers&ﬁ The 1548 ashenstipersaieddyr t i on of
the si g%&ﬁgﬁgﬁ%%@m b;swei &Mmeaﬁstﬁmdméqqadc} MgdlsQred in del ay

circuit 114 ive f| processes |.ow f requency _si gnal s from

fitters Pagyel aanetyme %bl&lvfr @‘@wefreavqnyy ﬁlﬁlﬁ#sé%eé?ﬁ““tdh’ém%‘f%q"*ﬁ’éﬂéﬂ@e BEesent in

t he | owsfara415m NENraROd fréferiednbbdiBert bOiiéredct Qﬂ@lfﬁbﬁng mwmmtem@me 516
ass an OW- f req si gnal s

I nt erpol a s 118 and 120 con ert the ba
from ad é‘B‘i ?‘{/ AsTrdilL pRpareR 3o ag @ &ri:eary 2‘8@ H‘e‘g"t ‘F@@‘lﬁla‘“’ f’ﬂf’ HHE 5’6’6 nal s.
Summer  Ci r cuThe sighdls &mdifferdnd# dmplifiesshbliving Giltertcirenits a5k hwdghesigyabfain f r om

i nterpol ator 120 fr Al e51 nalsfrom n tophgne 16 t hat
are per| BWE@?MFW 4%ar°dseli’mé Folnas afmg_Li_iLl!fm%e ou@ fhrpwﬁmolﬁl?f#eﬁnci rcuit
122 is ap:r;imfecbdtembadmad,e:ad:mtcmthes sthcﬂ etdtmiSd@VdcyV@@nﬂb@hledlterovmﬁhgi tal to
anal og Jaicfdnt SYQHE aihddr hifferf €d back to
adapti vg?‘%xﬁ%{ ngﬁ %ﬂdaga]tgls kef&{eﬁgﬁﬁem ITtB.tI on cCli r%w t 126 and is
f ed bacl@lrt:lgtsaﬂ-é@mdves rf4djly em)al:ttlt@ Qneaf ¢réwrpals%mftb¢ll°¥ﬂaﬂaﬂd°t§@@1fmme¥] circuit
128. Wiy gsfidag i nvention has been illustrated and described in detail in

t he draw ngs and f or egoi description, the same is considered illustrative
and not r est Filtgt qisgeitsi 52 a@"f&ra&‘c@wm‘i o ap analng todigkal DB G 46Ra filtem o

preferr Qf&cﬁmqsiwm&tea uhameg RegtadRRerdbuitBs eamlaa& cBfifls 4@l 48 hinebanges
and nodi |cat|on within the SIDII’I'[ of e |nve81t§%8n are desired

to be pr K GRS S TP EOHES S e, g ba %ﬂ)ﬂﬂd“ﬁ BRI DB LI AVB 1. A

di r ect i coaavertes. amepblm:Eigxﬁmqnwnsﬂ mgoﬂjms:hﬁﬁ\gimhmmmmemusg&am_ el ongat ed
i o ophHe s PERHE Ao RR ot Bl bR i Bt Bt o MRl B0 105, e
tu 3et f\ au%)";{vngem Hihe ptlzrputlsml Gbmawh SighptNelts cagmatcrisbdg&cs@ydhmﬂgnd k;n?r cr ophgne
an e aid predeternine
frequency ttgg‘[bem&%seg%% @E%Eﬁ%gﬁfm Ive ‘%% 8%“‘@ oy;t&fegn of the si glnal s at
frequenci es &g&km@nei@eomv@ab@mqwmwﬁﬁﬁ gre appliedtg @ digityl signd

Ori 91 nal Grodet B BSk9SALD SIS iBodelaily BlpiSfbdn EROATsh Wb qaa?ﬁephone in a

direction along | ongi rudi nal "axi's sai d el ongated tube at |east two
ref er enc‘e“ﬁf"é#"éﬁ Péaﬁaﬁ discpsgedap F&ﬁﬁé&ﬂé%%ﬁe@éihde EBHE e SnPeP SPhone a

| ow- pas fslbrnedtedtb & Edcbris@hiby fiPRHAPRd Siebui 64 Fidkigitd] &I@ﬂ@mevdﬁbmom&ne Bal d

| ow- pass biter generating an output signal having a frequency generally
bel ow sai d predeterm ned frequency ang a sisal process electrically
connected to said shotgun and reference m crophones and said : ow -pass
filter said signal processor generating interference canceling signals from
the portions of the signal from said reference m crophones which have
frequenci es generally bel ow said predeterm ned frequency, out put signal of
said lowpass filter, and signal processor conbining said canceling signha
with the output signal from said shotgun m crophone to generate an out put
signal is which signals originative fromthe location in front of the

di rectional mcrophone in a direction along the |ongitudinal axis of said
tube are enhanced and signals originating fromlocations other than in
front of the directi OSUB@'FI’Q'WESH O {9a§ieon@l) m crophone in a
direction along the |ongitudi nal axis sald enl ogat ed. t ube are
suppressed. 9 - G 1~AY 2002 WO 99/ 33324 PCT/U898127326




G The dtrectional m crophone of claim5 wherein each of said f| | ter
circuits conprise an anti-abasing filter and an over-sanpling” |’Mﬁiﬂ 28|t a
converter:. 7. The directional m crophone of claim1l wherein said signal
processor includes an adaptive beanformer. 8. The directional m crophone of
claim 1l wher waomasm signal processor creates at |east twWo Sg&$ni@dsn73ze
cancel ling signals fromindividual portions of said reference m crophone
signal s which have frequencies generally bel ow said predeternined
frequency. I,

predet erm r?g if[llags adler?gaﬁéll Emm@o@l%g%qhgleﬁeﬁlzmg%uipuwé{agdloggz Sg?lnéi

riiicr ophon@crewhom wwattmewarén Ast&mh@negﬁwn%rlwww tolfﬁéhmé@néfuhcmd put
level 1im tekifhi @wotan@mmee@ Hsien R buREo e dBihting BRld@WicraiiEnd RGN ence

m crophones and_an anal og to digital converter circuit coupled to each one
of said outoB&tts7@ed 72 r‘*rﬁ’?fi’rﬁ’ﬁ eEpediment £or cisyitsPd Py WA irgigsal arddhNstssi on
circuit |S prtlfih‘t’}hé cihitAshBWwR St gy me@:meegrmm ddma:aal @gd;]ﬂaaagtemew/memfeamllsyal ]9

out put |eve imter cui ts reduce the ve t he nals from
a8 'Shot o PRI o8t ehRaliEa TP S By G esH Gt BB S al | o
t he apparent dyB@mBAaﬂdimgﬂiuktmtd:muxmy:foemﬂglmgﬁdwerﬁhecaihcmeﬁhown&imga' gxophone
of claiml re| dynam c_r B QX mately 95 dB
and said lth gg‘ (I:Jﬂ?rgﬁmfz %E%%QS gna %memgﬁg’%g&%lépﬁﬁf%x rﬁaf’r %/' 4B to
provi de an mp:fbk\edﬂo caiperabattery by nepseatdrs 161d A8, quveﬂhéaowdrbeenpmm&kitmme ophone
of claim1l I di Rinfach of said
at | east t\/\%m?é ere gtzéa%og{rhgglﬁ%#gtgﬁ&?g#g s4kl ﬁ%gah%gdm rcw‘fugrg oosting
a portion dhﬂ!Wél“@mtfﬂ'lﬂ‘a%l?lg#&IWWWPPI@I‘PEF%P@ Ady Rapesish ashewm)fers pondi ng

thereto whi f%muléﬁmpgmaao&eﬁb@uﬁt éwc@iqmeeucmmy cohhiRtefl id elit BRbonithé OPhoNe
of claim 12 wherein each sai d shel vi g% circuits boosts a portion of the

out put  si grigfe 0 ritnss giruEs Eyant AEPTRYIES HisH @"“EB?‘P&?BB‘?‘P&F% Hnaddp dorpy
reduci ng tmpmﬁgﬁm@ﬁh@abmbwtnmgsmks above said certain frequency

14. The directigna %& m 1l | ongat.ed tuybe is

appr oxi mat el y f?\Pé"ffrFFg E‘%b? Sﬁf}g g’ﬁﬁ?“{“‘? "‘ﬂig)

. Af , . AY. AFaheredfier. Anﬂogﬁté\dxghﬂ coxiverteABiAGRs 46 and 48 periodically supply digital samples of the
reference microphone difference signals from filters 56 and 58 (microphones 20/24 and 22/26) to

.1

low-pass filters 88 and 90. Filters 88 and 90 are designed to attenuate and filter out all frequencies
contained in the difference signals which are above the frequency at which the tube portion 32 is
designed to control the directivity of shotgun microphone 16. In the preferred embodiment, filters
88 and 90 remove difference signals having frequencies of 3 kHz and above. The filtered signals
from filters 88 and 90 represent interference signals received from all directions other than the
desired direction in which shotgun microphone 16 is pointed and are applied to an adaptive filter 92.

Adaptive filter 92 processes the signals from filters 88 and 90 and generates low-frequency
cancelling signals which generally represent the interference present in a low-frequency portion of
the signal from shotgun microphone 16 that is periodically stored in delay circuit 94. Interpolator 96
converts the low-frequency cancelling signals from adaptive filter 92 into broadband signals.
Summer circuit 98 is utilized to subtract the cancelling signals from the signals stored in delay
circuit 94 and apply the output signal at node 100 which is electrically connected to digital to analog
converter circuit 62. The signal at node 100 is processed by low-pass filter and decimation circuit
102 and is fed back to adaptive filter 92.
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Adaptive filter 112 processes the band-pass signals from filters 104 and 106 and generates
band-pass frequency cancellation signals which generally represent the interference present in the
band-pass portion of the signal from shotgun microphone 16 that is periodically stored in delay
circuit 114. Adaptive filter 116 processes the low-frequency signals from fitlers 108 and 110 which
generally represent the interference present in the low-frequency portion of the signal from shotgun
microphone 16. Interpolators 118 and 120 convert the band-pass and low-frequency signals from
adaptive filters 112 and 116, respectively, into broadband signals. Summer circuit 122 is utilized to
subtract the cancelling signals from interpolators 118 and 120 from the signals from shotgun
microphone 16 that are periodically stored in delay circuit 114. The output of summer circuit 122 is
applied to a node 124 which is electrically connected to digital to analog converter circuit 62. The
signal present at node 124 is fed back to adaptive filter 112 via band-pass filter and decimation
circuit 126 and is fed back to adaptive filter 116 via low-pass filter and decimation circuit 128.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is considered illustrative and not restrictive in character, it being
understood that only the preferred embodiments have been shown and described and that all changes

and modifications that come within the spirit of the invention are desired to be protected.
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LYY}~ <MB7 1. A dircciional micropkone, compnsing:

a shotgun microphone having an elongated tube which is designed to conmol the
dircetivity of said directional microphone at frequencies above a predetermined Tequency, said
eiongated tube causing the nortion of an outpu: sigrnal from said shotgun microphone and the

.- . . N
Ll N TT I o
GITSCUCTAL TNISTTTL0SS at S uelt,

e

S 1Z0V2 3810 pradelemmunaa T2QUSnCY C J¢ Zaneraly
rapresentaiive of the pertion of the signals at Jequencies above said predetermined frequency
which eriginais e 2 loccusn = font of sald direeticral micrephons 1m a dirccuon aleng the
longirudinal axis of said elongarsd wbe;

at-lenst twq reference micropnones spatally arranged about said shotzun microphone:

a low-pass {lter elecrically connected to said reference microphones, said low-pass flter

enerating an output sigral having a frequency generally below said predetermined frequency;

and

a signal process clectrically connected to said shotgun and reference microphones and
said low-pass {lter, said signal procassor gererating interferences canceling signals fom the
portions of the signals from said reference microphanes which have frequencies generally below
said predetermined frequency,output signal of said low-pass filter, and signal processor
combining said canceling signals with the output signal from said shotgun microphone to
generate an output signal in which signals originating fom the location in front of the directional
microphone 1n a direction along the longitudinal axis of said tube are cnhanced and signals

originating from locations other than in front of the directional microphene in a directional

microphone in a direction along the longitudinal axis of said enlogated.tube are suppressed.
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two sets of canccllihg signals from individual portions of said reference microphone signals which

have frequencies generally below said predetermined frequency.

9. The directional microphone of claim 1 wherein said predetermined frequency is

approximately 3 kHz.

10.  The directional microphone of claim 1 wherein said signal processor includes an

output level limiter circuit coupled to each one of said shotgun and reference microphones and an

analog to digital converter circuit coupled to each one of said output level limiting circuits, said

analog to digital conversion circuits providing a predetermined maximum dynamic range, wherein

said output level limiter circuits reduce the level of the output signals from said shotgun and

+ reference microphones by a predetermined amount to allow the apparent dynamic range to be

increased.

11.  The directional microphone of claim 10 wherein said maximum dynamic range is.

' approximately 95 dB and said limiter circuits reduce signal levels by approximately 17 dB to

provide an apparent dynamic range of 112 dB.

12.  The directional microphone of claim 1 wherein a shelving filter circuit is coupled to

each one of said at least two reference microphones, said shelving filter circuits boosting a portion of

the output signal from the reference microphone corresponding thereto which is below a certain

frequency.

13.  The directional microphone of claim 12 wherein each of said shelving circuits boosts

a portion of the output signal from the reference microphone corresponding thereto by reducing the

portion of said output signals above said certain frequency.

14.  The directional microphone of claim 1 wherein said elongated tube is approximately

five inches in length.
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