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llOJSI CMCILQZJOll UPUADS 
llLADD UILJCATJOIS 

This application is a continuation-in-part of 
allowed application Serial No. 07/968,180, filed October 

5 29, 1992, incorporated herein by ref~ence. Reference is 
also made to u.s. Patent No. 5,251,263, issued October 5, 
1993, and incorporated herein by reference. 

Bl.CltlOmm or DI JIYPIJOll 
riel4 of the Jnyept;iop 

10 This invention relates to a: noise cancellation 

15 

apparatus and, more particularly, to an apparatus for 
cancelinq or reducing backqround acoustic noise tor use 
with a telephone handset or a boom microphone device or 
boom headset or the like. 
D••ariptiop of tile lrior Art;· 

As is to be· appreciated, in numerous· . 
J 

situations, the presence of backqround· acoustic"noise is 
undesirable. · As an example~ conside~ the situation in 
which an operator is attemptinq. to con~uct a telephone 

20 conversation from a telephone or such.similar device 
located in a noisy area.· In· this situation, loud 
acoustic backqround noise is received by·· a microphone in 
the handset of the telephone. and·converted to an 
electrical siqna1· which is supplied to the telephone(s) 

25 of the· person(s) havinq tha conversation with: the 
operator and: is converted thereat to an acoustic signal. 

. . 
'. esu1t·;· the person to whoa the operator is 
· .. ·· .~catinq; constantly hears... the lom backqround noise • 

. . . · · \:.- when. the· parson is spealcinq,.,. slim speech is 
30 combined' with the: backqround noise ancl~ fas such, may be· 

di~ficult for· the. other person(s)r tC); understand. As a 
result, the operator -.y have; to~ shout i.nt:;o the· 
mierophone of' the telephone•· Furthermore,· the siqnal 
representinq the backqroun4 noise is also supplied from 

35 the microphone in the operator's handset to the speaker 
in the· operator's handset. Thus, the operator also 
constantly hears the backqround:noise from· the speaker in 
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the operator's handset and; when· the other person is 
speakinq, may· impair th• understandinq thereof. 

~ another example, cansicier the situation in 
.. which a; pilot who is operating a helicopter or. the like 

5 wishes to communicate with another pefson by way of radio 
frequency (RF) communication. -I:n this situation, the 
pilot typically speaks into a so-called boom microphone 
or boom headset which is coup1ad to a radio 
transmittinq/receivinq device whereupon the speech is 

10 converted into RF siqnals which.are transmitted to a 
second receiving/transmitting device and converted· 
therein to speech so as to be heard by the·other 
person(s). As with the.above situation of a telephone 
located in a noisy area, the loud background noise from-: 

15 the helicopter is received and conve7;ted into an 
. electrical signal by the· boom microPlione· or headset 
device and thereafter suppliedt() the rece-ivinq device. 
As a result, the person(sl communicating with the pilot 
hears the loud background noise. This, may be 

20 particularly annoying when· the pilot leaves· the radio 
transmitting/receiving device ·in the. 110H" position while· 
operating the helicopter. 

As yet another ex~ple-,_ c;:onsider. voice 
verific:ation and/or recoqnitio.n systems into which. an 

25 operator mua.t .speQ:. for ac:cesa:,.._ for instance to a 
phylJ4;c::al. fae;ili.ty or,. to; .operate. a·, computer or· automatic 
· .·:.~··:::: ..-1-•cbine. Backgraunci noise·. can· prevent access (no 
. ~ -'···':'_'_'::*'!•:or verification due: to· background noise) or 

~· :~;.::. .. .. 

·:. ¥ide· false access. by false.- verif ic:ation·• 
30 I:n an att-.pt tor reduce. background noise so as 

t9 improve· perfo~nce·. of;· a telepho~• or a boom 
microphone; . or headset, _or the; lilt•·· located-··· in a noisy 
environment.or, the lilte,.pres~ure qradient·microphones 
may be: utilized. Basically,. a press1ire gradient 

35 microphone responc:ls to the; difference in-pressure at two 
closely spaced points. When:. used in· an environment where 
the pressuraqradient-of the:backqround noise is 
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isotropic, the electrical siqnal produced by the 

pressure-gradient microphone due to such background noise 

is effectively zero. However, in most actual situations, 

the pressure gradient of the background noise is not 

5 isotropic and, as a result, in these.~ituations, the 

performance of the pressure-gradient microphone is 
adversely affected. Additionally, since voice or speech 

propagates in more than one direction, the electrical 

signal produced by the microphone whi~ corresponds 

10 thereto is often degraded.· Thus, even if a pressure 

gradient microphone is utilized in either a telephone 

handset or a boom microphone, the desired amount of 

background noise cancellation may not be sufficient and 

the performance may not be adequate. 
15 Furthermore, since two opposite sides of a 

pressure-gradient microphone respond to acoustic 

pressure, as.previously mentioned, the handset of an 

existing telephone would have to be substantially 

modified so as to enable these two sides of the 

20 microphone to respond to the: acoust·ic pressure. 
Moreover, as .. a.result of using such a microphone in· a 

telephone handset, the electrical siqnais.produced 
therefrom should· be· amplified.,. Thus; to replace the: 

conventional microphone i~a telephone handset of an 

25 existinq telephone. with a pressure-gradient microphone 

would typ-ically necessitate·· replacing the·· handset with a 

. dset and, asc such, would". be relatively expensive. 
As. an alternative to-·,usinq pressure-gradient 

ones;,: .. an acoustic:· feed•back type system may be 

30 utilized. such a system normallr..:;_includaa compensation 

filters which are used. to. equa·lize the transfer function 

of: the speakers. since. the characteristics of the 

.speakers: are tightly controlle~ by these; filters, the 

coat of the· filters is relatively· hiqh. As a result, 

35 such acoustic feed-back systems are typically relatively 

expensive •. 
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Thus, the prior art has failed to provide a 
relatively low-cost means for reducinq backqroundnoise 
to an acceptable level for use with telephones and/or 
boom microphone devices or the like., and a cost-effective 

5 means for enablinq existinq telephone~ to reduce 
backqround noise to an acceptable level. 

01.TIQTS l1ID SmqgRY or m· 11Vlll'l'IOK 

An object of the present.invention is to 
provide noise reduction apparatus which overcomes the 

10 problems associated with the prior art. 
More specifically, it is an object of the. 

present: iJ)vention to provide noise reduction apparatus 
which reduces background noise-to, an acceptable level. 

Another object of the present,invention is to 
15 provide noise reduction apparatu& as aforementioned for 

use with a telephone or boom .. microphone or- headset device 
or to provide a noise-reduction microphone device or the 
like. 

:It is still another object. of, the present .. 
20 invention· to provide noise reduction·· apparatus as 

aforementioned which is.· relatively- inexpensive·. 
:It is yet another object of~tha.present. 

invention. to provide- a. relatively . low~cost.· noise 
reduction.apparatt.is- for use.with• telephones, which. is 

25 operable with standar.d available: on.~line power. 
A still. further: .. object· o•·tha··present invention 

~-~'ROVid• a relativaly low""coat noise .. reduction 
.. ;, :--~ . ::: Which is readily. adapt:able to handsets Of 

!- . ~- . . 

· ... .. : ~ .. ,,,>telephones. and• which is.,operable-.with standard 
30 availaDle on-line..,powar,. . . A yet further.: object .. of·,. the. present invention 

is to provide- a relatively: low.!""cost noise;, reduction 
apparatus for use with telepho~ea or.:which may be readily 
adaptable- to handsets of ... existinq telephones which 

35 enables an. operator to selectively-amplify a received 
siqnal or, which may be useq in a boom microphone or 

(-
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headset or, which may be used as a noise cancelinq 

microphone. 
In accordance with an aspect of this invention, 

a telephone handset apparatus for use with a telephone 

5 operable by standard power supplied to the telephone 
! 

handset for transmittinq and receiving signals 
representing speech between two or more operators is 

provided. The apparatus includes a housing havinq a 

first microphone means for receiving a first acoustic 

10 signal composed of speech from the operator usinq the 

apparatus and background noise in the vicinity of the 

speech and for convertinq the first acoustic sound to a 

first signal, and a second microphone means arranqed at a 

predetermined anqle with respect to the first microphone 

15 means for receivinq a second acoustic sound composed of 

Substantially the background noise and for convertinq the 

second acoustic sound to a second signal; and a device 

for subtracting the second siqnal from. th• first siqnal 
so as to obtain a signal representinq·substantially the 

20 speech. 
In another aspect. the invention provides a boom 

microphone or headset device for transmitting and 

receiving: signals representing speech by at least one, 

preferably two or more operators. The-device includes 

25 housing having a first microphone means.for receivinq a 

first acoustic signal composed of. speech, from the 
. ·;. 

ttor:,- uainq the device- and backqround -noise in the 
,.., . 
:_;:ty~ of the speech and for convertinq the first 

a ________ ;,·uc -sound to a first siqna1 and a second microphone 

30 means arranqed at a predetermined anqle .. and/or distance 

wi~ respect to the first microphone means for receiving 

a second acoustic signal; composed; substantially of 

background noise and for convertinq the second acoustic 

sound to a second signal; and an apparatus for 

35 subtracting the second signal from-the first signal so as 

to obtain a signal representinq substantially speech. 

I 
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The ·boom microphone.or headset can be used in 
fliq•t (e.q., helicopter or airplane) or in other 
settinqs such as telephones, or voice recoqnition and/or 
verification systems for instance, ·for access to a 

5 physical facility or to a computer (ei;t11er via direct or 
indirect interface or via telephone lines) or to an 
automatic teller·machine or, in other recoqnition and/or 
verification systems. The first and second microphones 
arranqed at a predetermined anqle·an~/or distance with 

10 subtraction apparatus disclosed herein can also be used 
in the area·of ambient· noise cancellation for microphones 
in acoustic· surveillance or telemetry or evtm directional 
microphones such as directional microphones with 
sidelol>es. 

15 Other objects~ features and advantaqes 
according to the present invention will become apparent 
from th& following detailed description of the 
illustratedeDibodiments when read in conjunction with the 

.acco:aipanyinq drawings in which corresponding components 
20 are identified by the same reference numerals. 

BBllP PISCUPTUJIOP:'TJll.DQURCIS 
Fig~ l ··illustrates a telephone·' havinq a noise 

reduction apparatus· according to, an embodiment of the 
present invention; 

25 .PiCJ• 2 is· a block.diagram of the noise 
red~ctiC?n app,aratus used. in the .. telephone 'of Fig.· 1; . 

. _·.:...·:·. 
!'19·;. 3A is· a front·: plan view of the receiver 

·:~.-·- o! the telephone .of Pig •. 1;-
!'liCJ• 38·. is a s-ida eievationa1. view of the 

30 receiver·· portion· of the .. telephone:.of· Fi9•· .. i, with the top 

Fig. 4 is a schematic diagram of the block 
diagram of·Fiq. 2; 

Fig. 5 is another schemati".= diagram of the 
35 noise reduction apparatus illustrated in Fiq. 2; and 

( 
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Fiqs •. 6A, 6B and 6C illusti="ate a boom 

microphone devict! utilizinq a noise reduction apparatus 

accordinq to an embodiment of the present invention; 

Fiqs. 7A and 7B are schematic diaqrams to which . 

5 reference will be made in explaining the operation of the 
1 

present invention; 
Fiq. 8 illustrates of a noise reduction 

apparatus according to the present invention; 

Fiqs. 9A, 9B, 9C,. 9D and 9E illustrate boom 

10 microphone and headset embodiments of the invention 

(Fiqs. 9A and 9B each showinq an embodiment havinq 

particular placement of the microphone; Fiq. 9C showing 

an overview of the headset and Figs. 9D and 9E showinq 

side views of the boom. microphone); 

15 Fiqs. lOA and.lOB· are schematic diaqrams of the 

noise reduction apparatus of Fig. 8; 
Fiq. 11 illustrates. a phase reversinq circuit; 

Fiq. 12 illustrates an oppositely charged microphone 

circuit; and 
20 Fiqs. 13A and 13B illustrate· active 

cancellation curves from embodiments o~ the invention. 

DftAJ:LIQ QBSQRJ:llJ:OJl or DI DQDRBD llllODDQQRS 

Fiq. 1 illustrates .. a telephone 8 which utilizes 

a noise reduction apparatus in accordarice,with an 

25 embodiment of.the present. invention;;, Aa shown therein, 

th• telephone · 8 qenerally. inc1udea. a handset 10; bavinq a 
. : ' . 

s~'-: portion 41. and a receiver portion 42, and a-

~ne· unit 18 which may· be· coupled therebetween by 
... ,:··~~·'.•." .......... . 

wa?.'§•t:'-a telephone· cord 48•. Alternatively, the telephon~ 

3 o · may ba- a;.·cordless type telephone and, as0 such, the · 

hapdset 10 is coupled to the. telephone·~unit 18 by way of 

RF waves.. The receiver portion 42 includes· first and 

second microphones.12 and 14; respectively, (Fiq. 2), a 

switch 40 for adjustinq the volume· of a· signal supplied 

3 5 to the. speaker portion 41, .· and a cap 4 8 havinq a recessed 

portion 44 and a mesh portion 46. 

I 
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Fiq. 2 illustrates. the telephone 8 in block 
diaqram form. As shown therein, the handset 10 qenerally 
includes first and second microphones i2 and 14, 
respectively, a subtractinqdevice 16, which in a 

5 preferred embodiment is an operationa~ amplifier ("op­
amp"), an amplifier 20, which is preferably an op-amp, 
and a speaker 22~ The first and second microphones 12 
and 14, respectively, op-amp 16 and amplifier 20 are 
preferably contained. within the receiver portion 42 (see 

10 Fiq. 1). · 
Acoustic siqnals composed of speech or the like 

and backqround noise· are supplied to the first microphone 
·12 and converted therein into a correspondinq electrical 
s~qnal which is thereafter supplied to the plus terminal 

15 of the op-amp 16. The backqround noise is supplied to 
the second microphone 14 and converted therein into a 
correspondinqelectrical siqnal which is thereafter 
supplied to the minus terminal of the op-amp 16. The op­
amp 16 is adapted to subtract the noise siqnal from: the 

20 second microphone 14 from the speech and. noise siqnal 
from.the first microphone 12 and to supply therefrom an 
electrical siqnal: representing substantia·lly the speech 
tQ the telephone. unit 18 whereupon the speech siqnal is 
transmitted therefrom throuqh tbatelephone lines to a 

25 

30 

desired telephone or telephones. The output: siqnal from 
tbe,_op~amp16<-is·also. combined.in the telephone unit 18 

''.• .• :'7' .... ':-o>"":. • • 

. : ···· ··· _:··· received·· siqnal from the telephone lines and 
., . 

·. :8cf> to, the amplifier 20. · The op-amps 16 and 17 are 
.~ A•. . . • 

-.... · ~ably· relatively· low-power in:taqrated circuits 
.~· .... · 

(Ic,•s), .a1ich as complementary me~al. oxida:.-semiconductors 
(<;MOS) , and may be. consbructed· from,; ·either one or more 
CMOS IC· chips• Althouqh.not shown'. in Fiq~ 2, amplifier 
20 may be selectively set by· use of the, switch. 40 (Fiq. 
1) ·· by the operator so as to ·adjust the amplification of 

35 the received siqnal to a desired level. The amplified 
siqnal from the amplifier 20 is supplied to the speaker 
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22, whereupon. the amplified signal is. converted into an 

acoustic signltf so as to be heard by the operator. 
Figs. 3A and 38 illustrate two views of the 

receiving portion 42, in which the cap 48 is removed in 

5 the view of Fig. 3A. As shown therein, the receivinq 
~ 

portion 42 generally includes a housing 74, a.circuit 
board assembly 78, the first and second microphones 12 

and 14, respectively, and the cap 48. The first and 

second microphones 12 and 14, respectively, which are 

10 preferably electret microphones or similar such 

microphones, are arranqed or positioned as hereinafter 

described. These microphones are held in place or 

secured by a holdinq member 76 which, for- example, may be 

constructed of a foam-like material, which, in turn, is 
15 secured to the housing 74. The respective- outputs from 

the first and second microphones 12 and 14 are supplied 

through respective wires (not shown·) to- the op-amp 16. 

which is contained on the circuit board assembly 78 

which, in turn, is attached to the housinq 74. As 

20 hereinafter more fully described, the circuit board 78 

may contain additional circuit elements for processing 

the siqnals- received from the first and second 
microphones and for amplifying siqnals for supply to the 

speaker 22 (Fig.2). A cover 72 may be utilized which is 

25 attached to the housing 74 by use of adhesives or the 

like, or alternatively may be sonically welded together. 

~-~-9over 72. and the housing 74 with the circuit board 
.'b1y. 78, holdinq member 76 and the first and second 

30 

m-~phones12 and 14 form an assembly 71. 
The-cap 48,-which-may be constructed from a 

plastic-type, material such as polycarbonate, includes an 
~ 

annular side member·43_and a portion 45 having-a typical 

thickness T which is coupled to the side member 43 and 

arranged so as to be lower than the upper portion of the 

35 side member by a minimum predetermined amount such as 

0.020 of an inch, thereby creatinq a recessed portion 44. 

The portion 45 includes a.portion 46 havinq a thickness 

I 
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T' which is less than the thickness T and which has a 
plurality of through holes contained therein and may 
resemble a mesh-like portion. In a preferred embodiment, 
the thickness T' of the portion 46 has a thickness of 

5 less than 0.030 of an inch. ·Since th~portion 46 
represents a relatively small amount of the portion 45, 
reducing the thickne~s therein does not adversely affect 
the overall strlictural rigidity of the cap 48. 
Alternatively, the portion 46 may be constructed from a 

10 stronger material, for example, stainless steel or such 
similar material, ·and combined with the portion 45. As 
is to be appreciated, by arranging the portions 45 and 46 
so as to.be recessed from· the upper· portion of the side 
member 43, even when the receiver portion 42 is placed on 

15 a surface, the side member 43, alid not the portions 45 or 
46, contact such surface. As a result, any loads are not 
directly impacted on the portion 45 and/or the portion 
46, but are instead delivered to· the: side member 43. 

The· cap 48 is positioned over the assembly 71 
20 so that the first and second- microphones 12 and 14, 

respectively, are arranged below the portion·46 with the 
first microphone positioned relatively close. to the 
underside of the portion. 46 •. Thus,. the speech travels a 
relatively· short distance- front: .. an operator, who i~ 

25 speaking- into the receiver portion 42 .from:· a distance of 
pr~eral:;>ly less than 1 inch,, through· the-·.portion 46 to 

·--~.;~at microphone. As· a result, acoustic distortions 
mizeci~. 

The arrangement of the first and-second 
... -.•· 

30 microphones. 12 and ·,14, :.:respectively·,r within the receiver 
poJ:tion 42 .is, illustrated in Figa._ 3A and .. ·38.- More 
specifically, as shown. in Fig. 381. the.,··first and second. 
microphones are· arranged so.as-to have.an angle 0 
therebetween, which preferably has a value 0 in a range 

35 between 30° and 60°. The first and second· microphones 
are further respectively arranged so as to have an angle 
e and [(90-e) + e) between a plane parallel· to the 

,. 
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receiving or "•~sitive" surface of the first microphone 
_, . . J.:: . .. . . · ...... 

12 and the direction of speech from an operator, and an 

axis normal to the sensitive surface of the second 

microphone 14 and the direction of speech, as shown in 

5 Fig. 3B; and so as to have- an angle t between the 
. t 

direction of speech and the second microphone, as shown 

in Fig. JA. In a preferred embodiment, the angle e has a 

value of less than approximately 35° and the angle t has 

a value of approximately 180°. As a result of arranging 

10 the first and second microphones in this manner, the 

first microphone 12 receives both the speech from the 

operator and the background acoustic noise which is 

present .in the vicinity, and the second microphone 14 

essentially.receives only the same background acoustic 

15 noise which is received by the first microphone. 

Although, as previously mentioned, the angle • 

has a value which is preferably between 30° and 60°, the 

first and second microphones 12 and 14, respectively, may 

nevertheless operate satisfactorily even if arranged· so 

20 as to have an angle 0 which lies outside this range. 

However, as the angle 0 becomes,. substantially smaller 

than 30° or larger than 60°,. the_performance may be 

adversely a~fected. That.is, when the.angle 0 becomes 

· substantially smaller than. 30 °, ·:the second. microphone 14 

25 receives both the speech. and background noise. As a 

r~s~~tr_ upon subtracting the output signal of the second 

· . · ,1.:ion.a. 14 from the output siqnal. of the first 

.:·~.~- .. •· 12, a portion or all of the· speech may be 
. _3,_,.~M:i.. On the .. other hand, when th~- angle 0 is 

: ·. . 

30 substantially larger than_60°,._the backeJround noise 

r~ceived by .the second microphone 14 ma~ not. be similar 

to that received by ~~ first microphone 12. As a 

result, subtracting the output signal .of the second 

microphone 14 from the output signal of the first 

35 microphone 12 may not adequately cancel the background 

noise received by the first microphone. 

I 
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In a like manner, although.the·anqles·e and t 
have.preferred values of less than 35° and approximately 
180°, respectively, as previously mentioned, ·the first 
and second microphones may operate satisfactorily even if 

5 arranged so as to have different values of these angles. 
However, as thevalues of the angles 8 and• become 
substantially different from the respective preferred 
values, the performance may be adversely affected. That 
is, when.the anqle 8 becomes substantially larqer than 35 

10 °, the second microphone 14 may receive both the speech 
and background noise~ ·Similarly, ·· when the angle t is 

· substantially smaller or larqer than 1ao0·, the second 
microphone 14 may receive·both the·speech and background 
noise. As a result, in either of these situations~ upon,, 

15 subtractinq the output· signal ·of the second microphone 14. 
from the output siqnal of the first microphone 12, a 
portion or even all of" the 'speech may· be canceled. 

As is to be appreciated·, ·.·by usinq the· above­
described devices and materials for the components of the 

20 receiver portion 42, the cost for ·constructing such 
receiver portion is relatively low·. Further, by usinq 
CMOS chips, as previously described·, the power 
consumption of the receiver ·portion is kept relatively 
low. As a result, the receiver portion may be powered by 

·25 the' standard power· availabie~ in·tbeh~ndset and~ as such,. 
doea/ not, reqi.tire add·i tional paver ·or transformers or the 
l~-Y~· FUrthermore, althouqh the receiver portion 42 has ..... ~ ... :S --~-·-· . . . 

~fbad .. for assembly With the handset 10 Of the 
tatlPJiantt/a, which is·a new .. telephone, such receiver 

30 portion·, or a· slight variation· thereof, may be used in 
handsets of existing teiephqnes~- Tb.at is,.in this latter 
situation, the cap and microphone contained within the 
h,andset Of an existing telephone are merely replaced With 
the receiver portion 42. Thus, such use of the receiver 

35 portion 42 provides a relatively easyand low-cost means 
to modify a handset of an existinq telephone to include 
the present noise reduction apparatus. 

f· 
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Fig... .~ illustrates a scheJQatic diagram of one 

circuit arrang~ent. of the telephone 8 shown in Figs. 1 

and 2. As shown in Fiq. 4, the first microphone 12 is 

coupled through a resistor 202, which is adapted to 

5 function as a current limiting resistqr so as to correct 

the bias of an output from the first microphone, to an 

input terminal 200. The·first microphone 12 is further 

coupled throuqh a resistor 210 to the plus terminal of 

the op-amp 16 and through a resistor.212 to a variable 

10 resistor 214. The second microphone 14 is coupled 

through a variable resistor 208, which is adapted to 

function as a current limiting resistor so as to correct 

the bias of an output of the second microphone, to an 

input terminal 201, and to the minus terminal of the op-

15 amp 16. The limiting resistor 208 is preferably. a· 

variable current limiting resistor which enables the 

level of the output signal from the second microphone to 

be matched to within a predetermined value to the level 

of the output signal of the first microphone 12. More 

20 specifically, the limitinq resistor 208 enables the 

output signal of the· second microphone 14 to be weighted 

such that when a signal having: a; similar level is 

outputted from the· first microphone 12, the amplitude of 

the difference therebetween is- miniaizac:t.. The value of 

25 the:' current limitinq: resistor 208: can' be selected· 

accord:i~g to minimization criteria. An input terminal 
~:~:..··· •': 

1.. •··a'. connected to resistors 204. and• 206·, which are 
··· , .. ~··· .. to divide the voltage received at the input 

... ~~! ... :~:-·~.>--~." ·. . . 
terminal 198, and to the •inus, terminal• oir the op-amp 16. 

30 Th& output of th& op-amp 16 i& caupleclf to capacitors 220, 

2212·and 226 and resistors 224. anct228:wbich, in-turn, is 

connected to. a "microphone, input" terminal of the· 

telephone.unit 18. The· output from- the' op-amp 16 is 

further coupled throuqh a variable resistor 214 .. , a 

35 resistor 216 and a capacitor 2·1a 1:0 ground. Resistors 

210, 212 and 216 and variable resistor 214 provide 

variable qain, for example, 20 to 1 amplification, to·the 

I 
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output of the op-amp 16 •. The capacitors 218, 220 and 222 
are adapted to remove residual de (direct currentl levels 
which may be present in the output signal from the op-amp 
16. ~e resistors 224 and 228 and the capacitor 226 are 

s adapted to function as a low-pass filter having a break 
point at a predetermined value which, for example, may be 
3.7 kHz. 

The telephone unit 18 is further connected to 
the telephone lines and is adapted to receive signals 

10 through the microphone input terminal and to supply these 
signals to the desired telephone or telephones by way of 
the telephone.lines. The telephone unit 18 is further 
adapted to receive siqnals from·another telephone.or 
telephones bY way of the telephone lines and ·to combine·:·. 

15 such signals with those received- through :the microphone. 
input terminal, as prev-ious·ly· described,. and to· supply -
the combined signal to a speaker input terminal 231. The 
input terminal 231. is connected through a eapacitor 230, 
which is adapted to block de siqnals·, and a resistor 232 

20 to the minus termina~l of an op-amp 17 and through a 
resistor 234 to a variable> resistor 240·.. An- input 
terminal 19~ is connected to the, .plus terminal of the op­
amp 17·. The output from, the:op-IUIP'···l7· i• connected 
through capacitors 242 and 24-4- and . a- resistor 246 to the 

25 speaker. 22-. The. output. froa- the: op-amp. iS. .further 

30· 

:_ .. , -fHi: ~ough th• variable resistor 240 1 a resistor 
.:_ ·· ~:~& capacitor 236' ·to C)X'Ounci.-t 
~?·;:c~:T Tli• ·operation .. of:·· the teleph-one· a shown ·in Fig. 

< . ::~ncl'lfli' be;, described· mlow-;. · · ·· · 
·Upon. a~tivatinq .. th• handaaUr 10, by- lifting the 

handset 10: ·from' the: switch hook· (not shown)' or the· like, 
standard telephone ·line: voltage is apP'lied to input 
terminals. 198-,. 199, 200 and: 20:1--. . A- siC)Jlal from the first 
microphone,12,, which has. been· bias; corrected by· the 

35 current limiting resistor 20-2-,, ·is suppliec:l through the 
. resistor 210 to the· plus terminal· of·. the: op~amp 16. An 

output signal.from the second microphone~14, which has 

( 

' 
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been-bias· corrected by the current limitinq resistor 208, 

is supplied to the minus terminal of the·op-amp 16. The 
op-amp 16 subtracts the siqnal received from the second 
microphone 14 from that received from the first 

5 microphone 12 and outputs the resulti~q subtracted 
siqnal. DC levels which may be present in the output 
signal are removed and the signal is amplified. Hiqh 
frequency siqnals, such as those over 3.7 kHz, are then 
removed from the amplified output signal and the 

10 resultinq siqnal is supplied to the telephone unit 18. 

Thus, .a voltaqe signal is supplied to the telephone unit 
18 which is proportional to the difference between the 
voltaqes qenerated by the first and second microphones 12 

and 14, respectively. 
15 An output siqnal from the telephone unit 18, 

which is a combination of·tbe siqnals received tbrouqh 
the microphone input terminal and the telephone lines~ is 
suppl1ed to the input terminal 231 of the amplifier 20. 

The signal from the input terminal 231 is supplied to the 
20 capacitor 230 so as to remove any de siqnals which may be 

present. The output from the capacitor 230 is supplied 
through the resistor 232 to the minus terminal of the op­
aap 17. The op-amp 17 subtracts the siqnal from the 
telephone unit 18 from the siqnal received from the input 

25 terminal 19~ and supplies-a subtracted siqnal therefrom. 
Suclr-~signal- may·be selectively amplified, throuqh the use 
..... istors 232,_234 and 238 and variable resistor 240, 

.•.. >·operator by use of the switch 4·0 (Fiq. 1). Any de 
s1 · · · !•· which may be present in the amplified ·signal are 

30 thereafter removed by the capacitors ·242r· 244 and 236. 

35 

The output signal frODJthe capacitoJ!! 244 is current 
limited by the resistor 246 and is thereafter supplied to 
the speaker 22 so as to be converted thereat into an 
acoustic.-siqnal. 

Fig. 5 illustrates an alternative arrangement 
for processing the signals obtained from the first and 
second microphones 12 and 14, respectively, so as to 
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provide a current output for supply to the telephone unit 
1a, which is proportional to the difference of the 
voltages generated by the first and second microphones. 

More specifically, the circuit arrangement of 
s Fig. s includes a handset 10' having i). plurality of input 

terminals 300, 301, 370 and 390 which are each adapted to 
receive standard available on-line-power. The first 
microphone 12 · is coupled through a ··current limiting 
resistor 302 to the -input terminal 3.00 and is further 

10 coupled to the plus terminal of a subtracting device 316, 
which-is preferably a CMOS op-amp. The output from the 
second.microphone 14 is coupled through a variable 
current limiting resister 308· to the·input terminal 301 
and is further coupled to the minus terminal of the op-

15 amp 316. The signal outputted fro• the op-amp 316 is 
supplied through filtering stagea.350to the minus 
terminal of a subtracting device· 351 which is preferably 
a CMOS op-amp. The filtering stages 350 are adapted to 
provide a predetermined frequency response characteristic 

20 such as a signal roll-off ·at a predetermined frequency •. 
As is to be appreciated, although two filterj.ng stages 
are shown in Fig.. 5 any number o·f. filtering· stages may be 
utilized. The input terminal 390iscoupled to resistors 
392 ·and·394,.which are adapt4!d:to reduce the signal 

25 supplied thereto, ·and to the plus .. terminal of· the . op-amp 
~~~~t;:··· .An:.output signal frmn th•· op-amp .351 is supplied to 

... of' ·a· tr~nsistor · 366.-. 'the input terminal 391 is 
.. :'8.ct::.to a Zaner· diode 360 1 a·· capacitor 362 and a 

. .it~r.-·>364· which, in turn~· is connect~-to the 
30 col;lactor of· the transistor:.··366· and to.,the. microphone 

input terminal of the telephone unit:.·18.. The emitter of 
the transistor 366-is .coupled.thra~C)h resistors 367 and 
368 to the minus terminal of the op-amp• 351 so as to 
provide a feedback loop thereto. The op-amp _351 and the 

35 associated components provide electrical isolation 
between the filtering stages 350- and the transistor 366. 

(· 

I 
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The transistor 366 is adapted to amplify the siqnal 

supplied to the telephone unit 18. 

The output from the telephone unit 18 is 

coupled to the input terminal 231 (Fig~ 4) and is 

5 thereafter processed in the manner pr,viously described 

with reference to the handset 10 of Fig. 4 so as to 

provide an acoustic siqnal from the speaker 22. 

The operation. of the telephone 8' will now be 

described below. 
10 Upon applying power to the handset 10', by 

lifting the hands•t from the switch hook (not shown) or 

the like, standard telephone line voltage is applied to 

in1Nt terminals 300, 301,· 370, 390 and 391. A siqnal 

from the first microphone 12, which has been bias 

15 corrected by the current limiting.resistor 302, is 

supplied to the plus terminal of the.op-amp 316. An 

output signal from the second microphone 14, which has 

been bias corrected by the current limiting resistor 308, 

is supplied to the minus terminal of the op-amp 316.· The 

20 resistor 308 is preferably a variably current limiting 

resistor which enables the level of. the output signal 

from. the second microphone 14 to be matched to within a 

predetermined value to the level:.of the output siqnal of 

the first microphone 12,. in a. manner substantially 

25 similar to that previously des.cribedt. for ·resistor 208. 

Th~•:ou~put difference siqnal from the· op-amp 316 is 

~Cect1:hougb the filtering.staqes 350~ which may 

··~·:one. or more RC networks· or equivalent circuits, 
ae}1..,, .. to limit the upper frequenCy· o:f· the output siqnal 

30 to a, predetermined valua which,. for. example, may be 3. 7 

kif&.. The. output siqnal froa the filtering stages 350 is 

supplied to:- the minus· terminal; of tJie op-amp 351 and a 

voltaqe siqnal. from the··input. terminal 390, which has 

been.divided. to a. predetermined: value such as one half 

35 thereof, is supplied to. the plus termina~ of the op-amp 

351 which,· in turn, calculates the difference 

tberebetween and supplies a corresponding output siqnal 

I 
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to the base of the transistor 366. The· voltaqe from the 
input terminal 391 is supplied through the resistor 364 
to the collector of the transistor366. As a result, an 
amplified signal is supplied from the handset 10' to the 

5 telephone unit 18 for supply therefro•throuqh the 
telephone lines to the desired telephone(s) and for 
combining with· a received signal from the telephone(s) 

. . . 

for supply to t;he input terminal 231 in a manner similar 
to that previously described with reference to Fig. 4. 

10 The individual circuit components without 
. . 

reference designations depicted in: Fiqs. 4 and 5 are 
connected.as shown and will not bediscussed further, 
sirice the connections and values are apparent to those 
skilled in the art and are not necessary for an 

15 understanding of the present invention. 
Figs. 6A, 68 and 6C illustrate a boom 

microphone 100 Which utilizes a noise cancellation 
apparatus in accordance with an· embodiment of the present 
invention. More specifically, the boom microphone 100 

20 generally includes· a housing 174, a·circuit board 
assembly 178, first and second microphones 112 and 114, 
respectively, and a portion 147. ··The housing 174, which 
may be constructed from either a plast·ic-like or metal­
type material, includes a circular portion. 108 having a 

25 hole·therethrough so as to enable a. shaft 106 to be 
i •.·. "eel· therein. As· a resu·lt, the boom microphc;>ne 100 

·>ate· about the shaft 106 ~s·· illustrated· in Fig. 6A. 
. · · The first iUld second: microphones· 112 and 114 

.· irlilp.ctively coupled' to the -·~ircuit board·· assembly 
30 178 by wires 102 and 104·. The.•circu,it board: assembly 178 

cotttains circuitry similar to that on the circuit board 
assembly 78 which, as previously. described, processes the 
signals from the first and second microphones 12 and 14, 
respectively;. for supply·to the telephone: unit 18 and, as 

35 such, in the interest of brevity, will· n~t be further 
described herein. Therefore.,. the circuit board assembly 
178 is adapted to receive a speech and: background noise 

.• 

.. 
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signal from. the first microphone 112 and to subtract 
therefrom the background noise siqnal from the second 

microphone 114 so as to derive a siqnal which represents 

substantially the speech. Such siqnal is supplied to a 

5 transmitting device (not shown) so as~to be converted to 

a RF signal and transmitted to a remote receivinq device 

(not shown). The first and second microphones 112 and 

114, respectively, are held in place by a holdinq member 

176 which, for example, may be constructed of a foam-like 

10 material. A mesh-like screen 146 which, for example, may 

be fabricated from a plastic-type or· a ~etal material or 

the like, is attached to the cut away portion 147 so as 

to protect the· first and second microphones. The mesh 

146 has a predetermined thickness which, for example, may 

15 be approximately o • 03 o or less of an inch •. 
The first and second microphones 112 and. 114, 

respectively, which may be electret microphones, are 

arranged in a manner similar to-that of the previously 

described first and second microphones. 12 and 14, 

20 respectively; of the handset 10. That is, the first and 

second microphones 112 and· 114, are respectively 

positioned so as to have an· angle,·&'- and E(90-9') + e'] 

between · a plane parallel to the recei vinc;r-· or sensitive 
surface of the first microphone ... and, the, direction of 

25 speech from· an operator-, and0 between; an"-axis normal to 
tbe;:~enl!li tive·- surface of the ·second microphone and the 

d.fMhion· of:·:speech, as shown in Fig. SA. Further, the 
~ ... ,, .... ·• :1M4-•·aecond microphones 112 and·'"l14, ·respectively, 

a ·. rrangad, so as··· to have :·an angle 0"' therebetween, 

30 which has a preferred value· in a·ranqe-between 30° and 

60P. The .·first and second·-microphones 112 and 114, 
respectively, are located- in relatively,.close proximity 

to the mesl'i 146 and the cut· away portion:.147 of the 

housing . 17 4 so a·s · not to recei va ·acoustic sounds which 

35 have been unacceptably distorted. 
Although the above embodiments have been 

described as having only one first microphone 12 (112) 

I 
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and one· second microphone 14 (114)~ the invention is not 
so limited and any number of microphones may be utilized 
for the first microphone and/or the second microphone. 
For example, a receiver portion 42' (not sh0wn) may be 

5 configured which includes two or moreaicrophones 
operatinq as a first microPhone 12' (not shown) and two 
or more microphones operatinq as a second microphone 14' 
(not shown). ·In this confiquration, when usinq multiple 
microphones for·thefirst and/or second microphones, 

10 respective variable current limitinq resistors are 
preferably provided for all but one: microphone for· the 
first microphone: 12' and for all microphones for the 
second microphone 14'. Thus, the outputs from the first 
and· second microphones, 12' and. 14' , respect! vely, ·• would · 

15 comprise a weiqhted sum· of.severalsuch microphone-output 
voltaqes• The current limitinq· resistors·~ are preferably 
set to respective· .. value& so as to minimize: some· 
functional of the difference, of the; first and second 
microphones 12' and 14·' 1 ·respectively. The criterion for 

20 selectinq the values of the current limitinq resistor or 
equivalently the weiqhtinq·functionof each'microphone 
could be selectedaccording toany.well-known qradient 
search alqorithm, so as to. minimize .the•··functional. 

Fiq. ··. 9A' illustrates -a microphone· boom· 320 · 
25 having.- a·-.first. microphone-lOO····and a: second microphone 302 

a~~~d·1:herein •. ·The:first micraphone 300 includes a 
· .. ·.,· .... _ ·:sensitive· surfaca--301 and·thtt···second microphone 

~--:: .... ·. . . . 

.~Udes· a· second pressw::e ·sensitive-, surface·. 303. As 

in· Piq:;,; 9A, the fi:r:st· and; seconcl.·microphones 300 
30 and.·302 -are-.arranqed·such.that the--respective pressure 

sensitive surfaces ~01 and· 303- ar•.:substantially 180° 
apart. from each other.,·'" Tlie .1•icrophones 300 and 302 are 
further arranqed·· so as·: to have ·a structural :baffle 322 
between·the microphones. Suen structural baffle 322 may 

35 be comprised of a structural member adapted to provide an 
acoustical separation··· between the .microphones. 
Alternatively;- an acoustical baffling arranqement could 

(· 
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be utilized in place of a structural.member. 

FUrthermore, as shown in Fig. 9A, the first and second 

microphones 300 and 302, and in particular· their 

respective pressure sensitive surfaces 301 and 303, are 

5 located within a distance or dimensio~ b. 

The first microphone 300 is adapted to receive 

acoustical sound such as speech from a user and to 

convert such received acoustical speech into a signal 

corresponding to such speech. Such first microphone 300 

10 may also receive background noise which.may exist. As is 

to be appreciated, such background noise is combined with 

· th~ speech from the operator and, as· such, the signal 

provided by the first microphone corresponds to both the 

speech from the user· and :ttie background noise. On the 

15 other hand, the second microphone 302 is arranged within 

the microphone boom 320 so as to. receive primarily only · 

the background noise. More· specifically, the pressure 

sensitive surface 303 of the second microphone 302 is 

preferably arranged at an angle of substantially 180° 

20 from the pressure sensitive surface 301 of the first 

microphone 3 00. Further, as .. previously· mentioned, the 

first and second microphones. 300 and'·' 302· have a· baffle· 

322 arranqed.therebetween .. Such.baffle is: adapted to 

minimize or prevent any speech.from· the.user from being 

25 received l>Y' the second microphone .302 .. ··FUrthermore, the 

first. and-·Eiecond microphones 300..'· and·.··302'." are preferably 

" ''.~ ........... ·"'ad; within relatively close proximity1 · to each other, 

:-'~;.within the .distance b.. Aa.·an example, such 

· ·'cw·b~· may· lie· within a range:.·of·-:0: .. 10 to· o.so·, 
30 preferably· about 0~25· of an·.inch, or less. suitable 

distance b may be determined. by the-' skilled . artisan from 

this.disclosure, without·undue experimentation and, the 

invention is not necessarily l~mited· to., a particular 

value for ·b 
35 Fig. 9B illustrates a microphone boom 330 

having first and second microphones 300 and· 302 arranged 

somewhat.differently than in the microphone-boom 320 of 

' 
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Fiq. 9A. That is·,. as shown in Fig. 9B, the first and 
second microphones 300 and 302 are located staggered side 
by side relationship to one another. Further, a baffle 
332 is provided between the first and second microphones 

5 300 and 302 so as.to provide acoustic 111eparation of the 
speech in a manner similar to that provided by the baffle 
322 of Fig. 9A. 

Fig. 9C illustrates a boom headset assembly 
400. As shown therein, such headset assembly 400 

10 generally includes a headband .401,, a left case 402 having 
a left cover403 and a left cushion409, a riqht case 404 
hav~ng aright cover 405 and a right cushion.410, a 
microphone bQomassembly 413, and a microphone boom 440. 
such microphone boom 440 ~ncludes first and-second 

15· microphones 300 and 302 which may be arranged in.a manner 
.as· previously described with reference to.Figs. 9A and 
98. Further, such microphone boom assembly 440 includes 
an upper microphone case 406, a lower microphone 407, and 
the first and .. second microphones 300· and 302, and a .. 

20 windsock 408. 
Fig·. 90· illustrates a side view of the boom 

headset assembly 400.· As-shown therein, the left case 
402 includes a circuit card assembly 412, which may 
contain circuitry.utilized in processing ~e acoustic 

25 siqnals. aschereinafter.more:fully described, and further 
inol~s-·. &·;.cable' assembly 41:1·.:for supplying siqnals to 

··.· ·,;<~<1::_ . ,-;outside, or host efD1ipment (not shown).. Fig. 9E 
,,:;:-~:·:atea-~a side.·view of the right case :404. As . 

't·:·.;!'~~-:' . 

·OWlly: ·described·i the first and. second. microphones 
30 300nmd' 302- ·are preferably arranq.ed within a distance b 

and are:further.arranqed.sucm· that the first microphone 
300 receives. both.speech and. b•ckground nqise while the 
second microphone receives pri~ily just the background 
noise. Such background noise may originate .as a pressure 

35 sound source from a location 304 as illustrated in Figs. 
7A and 7&·. That is, as shown therein,. such location 304 
may be located. at a distance r frQm.a center location 

( 

' 
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between the first and second microphones 300 and 302 so 

as to form an angle 0 therebetween. As a result, the 

distance between the first microphone 300 and the 

location 304 is approximately equal to the value [r-

5 (b/2)(sin 0)], and the distance betwe•n the location 304 

and the second microphone is approximately equal to the 

value [r+(b/2)(sin 8)]. 
Fiq. 8 illustrates a differential amplifier 500 

which is adapted to process the siqnals produced by the 

10 microphones 300 and 302. As shown therein, such 

differential amplifier 500 includes an amplifier 310, an 

amplifier 312 and a·summinq circuit 314. The siqnal 

produced by the first microphone 300 is supplied to th~ 

amplifier 310 which is- adapted to provide essEmtially a 

15 unity gain to such siqnal and provide the same as an 

outp~t siqnal. Such output signal is supplied to one 

input of the summing circuit 314. The siqnal produced by 

the second microphone 302 is supplied> to -the amplifier 

312 which is adapted to essentially invert the received 

20 siqnal ~nd to supply the same to-a second input of the 

summing circuit 314. The· summing· circuit 314 is adapted 

to add the received signals together so: as to produce a 

summed output siqnal e(outr· As; is to be. appreciated, 

such summed output siqnal e(aut) represents a signal 

25 correspondinq-to sulostantially only .. the speech from the 

user. 
_'_:-~~?e~ii( - - Figs. lOA and 1o:a illustrate the differential 

·:' _ :~:tier 500 of Fiq. 8 in more detail~ That is, Fiq. 

st-i!ustratesa first arranqeilent:of such differential 

30 ampl"ifier- 500-, and- Fig .• 10&" illustrates:. a;. second 

ar.rangement of such differential~amplifier•- Each-of 

these schematic diaqrams will now be more--. fully 

described. 
As shown in Fiq. -lOA, the siqnalproduced by 

35 the first microphone 300is supplied to. an input terminal 

600 and is supplied therefrom through a capacitor Cl and 

a resistor R to an invertinq input of an operational 

' 
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amplifier (op-amp) VlA. The signal produced by the 

second microphone 302 is supplied to an input terminal 
602. Such input terminal 602 ·is coupled to a 
potentiometer RA which, in turn, is connected to ground. 

5 The input terminal 602 is further cougled through a 
capacitor C2 and resistors Rl and 2R to a non-inverting 
input of the op-amp VlA. such op-amp is_. adapted to 
operate·. in a differential mode and provides an output 
signal therefrom to a terminal 606 which,. in turn, is 

10 coupled to the converting input of the op-amp VlA. Such 
output from the op-amp VlA is further supplied to a 
potentiometer 608 which, in turn, has. one end connected 
to ground. Such potentiometer 608. is coupled through a 
coupling. capacitor CJ to a-non-inverting input of an op-

15 amp VlB. The output of such.op-amp VlB is.supplied to 
the base of a transistor 610. The emitter of such · 
transistor 610 is coupled to-a terminal 612 which, in 
turn, is coupled through· a capacitor· C4 to·an output 
terminal 614. The sUDDDed. s-ignal e·(out t i& supplied from 

20 the terminal 614. The coliector .. of.· the·· transistor 610 is 
coupled to a terminal 616: which, in· turn~; is connected to 
a power supply·. (not shown) which supplies a··voltage v+ to 
the circuit. The terminal. 616 is.--::0 connected .. to resistors 
R3 and:. R4 which: are adapted. to provide a DCd'lias. The 

25 elements not specif.icallY· described are: connected as 
illustrated· in Fig. lOA. 

···: :'!.,".: .• -

r.,~~-·< By-, utilizing· the above-described circuit 
rat•:~ in Fig·,.,- lOA; ·the impedllnce ta'.. the first and 
:· .. icrophones·- 300. and-- 302. ir symme'trically balanced 

30 so as· to minim~ze-. dif-ferentialvphas•- shifts· ):)etween 
fJ.'lequencies.-. · Further; the-· output· s-ignal from· such--· 
circuit has a· relatively· low:. impedance.: .. '. 

Fig. 108 illustrates a second or alternate 
circuit of the· differential amplifier soo.· of Fig. 8 as 

35 previously described. The circuit of Fiq:. 108 is adapted 
to receive.power through a source, resistance from a power 
supply (not shown). That is, the power for driving.the 

I 
,.'.· 
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circuit of Fig. 10B is supplied from a power supply 
having a finite output resistance R unlike that supplied 
from a power supply having a zero output resistance (such 
as that of Fiq. 10A). Otherwise, as is to be. 

5 appreciated, the circuit illustrated in Fig. lOB is 
substantially identical to that of Fig. 10A and as such, 
will not be further described herein. 

Fig. 11 illustrates a phase reversing circuit 
which may be utilized in place of the circuits 

10 · illustrated in Fig. 10A or Fig. 10B. As· illustrated 
therein, such circuit 700 generally includes the first 
and· second microphones 300 and 302, the magnitude . 
adjustment potentiometer RA, resistors Rl and RJ, and 
capacitors c which are coupled as illustrated in Fig. 11 ·• 

15 Each of the first and second microphones 300 and 302 may 
include a field effect transistor {FET) in which the 
drain of such FET may be considered a positive (+) and 
the source of such PET' may be considered a negative(-). 
The phase between such· drain and source· is approximately 

20 180°. For· example, the drain thereof may have a phase of 
180°, whereas tha source· has a phase of o•. As a result, 
each- of the first and.second' microphones· 300 and 302 
includes two terminals, that· is, a positive(+) terminal 
arid' a negative (-) terminal. In the circuit of Fig. 11, 

25 the positive··(+) terminals of the ftrst and second 
mi-.:oph9nes--·J1Uiy be the· upper· terminals' ··thereof, whereas 

._,·:,~'{. ative· (-l terminals of such microphones may be the 

.<:,terminals· thereof. Further·, the maqni tude 
a · .... :~t· potentiometer RA may be ad.justed or set d\lring 

30 the· ·initial assembly thereof or· alternatively may be 
adapted sa as· to·be adjustable· by an operator of the boom 
headset assembly 400 of Fig. 9C. The output signal ecout) 
has a value of zero (O) when an acoustical sound having 
the same pressure is received by both' the first and 

35 second microphones 300 and 302. 
Fig. 12 illustrates a circuit 800 which may be 

utilized in place of the phase reversinq circuit 700 of 
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Fiq-•.· 11. In the circuit soo, the microphones 300 and 302 
are oppositely charged. AS a result, when the outputs 
thereof are summed together, as when the first and second 
microphones receive an acoustical sound having the same 

5 presslire, the output signal e(out) has, a value of 
substantially zero (O). The remaining portions· of the 
circuit soo are substantially similar to those of the 
circuit·700_of Fig. 11 and, as such, will, not be further 
described herein. 

10 Thus, either of the circuits illustrated in 
Fig. lOA, lOB, 11 or 12 may. be utilized in the present 
invention. such circuits enable calibration proce$sing 
to be.performed on the first arid, second microphones 300 
~nd 302 which may be electret-typeaicropbones. FUrther, 

15 such circuits. may be included, on a printed circuit (pc) 
board which may· be installed wi.thin, the headset. assembly·· 
400 as, for example, as on the pc .. bo2-rd 412 illustrated 
in Fig .... 90.· Alternatively, such pcboat:'d may be included 
in other locations of the head$et. assembly_400 or 

20. alternatively may b• located on host. equipment which is 
removed from the. headset, assmnbly. 400-•. 

Thus, ... the presen-t;.,. invention provides. an. 
assembly and·, in particular, a boom. headset assembly, 
which is adapted to reduce e»i:,..eliminata. background noise. 

25 Such present apparatus uti-lizes--.f·irst .. an4 _second 
Jai.Qrophone•,wh-ich act as a,dipol.e_arrang~t and which 

.. ~J·,_: .\·.~tch~. by the manufa~t~er or by;,. testing after 
; .• ~:·. f'~.f ·i!i.:··:,.. . : ·. 

·, ·· O> •-;·· have a frequency. re.sponse which is ... 
·· ~ally flat over the anticipat~.operatinq range. 

·.,···r 

30 Furth8rt sucb;_-first and saconci·Jdcropbone11,are preferably 
arranged such-that their:- respective .press~~ sensitive 
surfaces. are- arranged· _at. l&O 1'18chanica.1. .deqrees from each 

. . . ·' .. . . . 

other and are located in close proximity thereto as.: 
previously described. By so arranging .the first and 

35 second mi~rophones, a soUl)d (in. particular a background 
noise) originatin9 from.a source which is.located at a 
distance substantially·. CJreater than the. distance between 

(. 
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the microphones, _enables the sound from such sound source 

to be received by both microphones simultaneously. As a 

result, no substantial phase differential therebetween 

occurs. Furthermore, the present invention enables the 

5· amount of noise cancellation to be adiusted either durinq 

the fabrication of the present boom headset assembly or 

alternatively by an operator utilizinq such assembly. 

The boom microphone, for instance, of Fiqs. 7A 

to 138, can be based upon the principles qoverninq the 

10 directivity patterns of omni.-directional microphones in 

the near and far fields and the correct placement of the 

microphone's pressure sensitive surfaces. The physical 

desiqn of the· microphone as seen in Fiqures 9A and 98 is 

the determininq factor in the S/N increase. Examination 

15 of these drawinqs shows that the microphone pressure 

sensitive surfaces are preferably placed at 180 

mechanical deqrees from each other, and provide the 

optimum separation of the siqnal·qoinq to the voice 

microphone and noise microphone in the near. field. This 

20 separation is a primary component in the.determination of 

the siqnal in the S/N·ratio. Basically a. problem in the 

far field is to add vectorially, at a desired point, the 

sound pressures arrivinq at that point. fro• all simple 

sources. The basic element of this analysis will be what 

25 is herein called the Doublet Sound Receiver. The 

q~tric situation is shown in Fiqure 7Aand _78. It is 

·~·4·· that the distance r· from the two recei vinq 
>'.•'::bones to point A at which "the pressure P oriqinates 

':"····::compared with th'e separation· b between the two 

30 microphones. The spherical' sound wave· from point A 

arrivinq·at the receivinq doublet will have traveled r­

b/2 sin 8 formic 1 and· r+b/2 sin 8' for·mic 2. If r>>b, 

the distance traveled by the sphericai·wave is r, and the 

output of each receivinq microphone· is equal. If the 

35 summed outputs of the two microphones are zero as in 

F.iqure 8, then the associated scale factors are equal. 

If their associated scale factors are not equal, phase 

I 
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andfor··amplitude, the output will not be zero. Amplitude 
adjustment can be obtained electrically and is performed, 
but phase adjustment is· impossible at all frequencies. 
The requirement for phase. adjustment is not required 

5 because reproducibi~ity is inherent in; the manufacture of 
the microphones and they provide outputs of tracking 
phase with frequency •. 

The microphones just described are the dual of 
a doublet sound source.and are similar to the theory of 

10 dipoles. In additio~, if the spacing b, between the 
microphones is sma~l (b<< l) compared with.the 
wavelengths at any distance r, the two microphones 
essentially coalesce and the output at any· angel o will 
be zero for matched scale factors (magnitude/phase) at. 

is any frequency. It b is not much smaller than· r, the 
phase relationship .. between· the two microphones to an 
incoming sound wave·. is: 

Where b = spacinqbetween sensor mic and noise mic 
f = frequency in hz 

20 v = speed of sound in/sec 

25 

ti> = phase· shift at a specific. frequency 

"' = 3§0. bf 

"'-
(1) 

As can be seen from equation. (1), this phase_ relationship . 
. '~ .-th-.oretical limit for the crossing. of the near and 

... ,··:-:~ •. ;of· the noise canceling microphone. As the 
.· ... . . . ·, . 

30 . ·-•:::"'. .. ~~-,,changes at a fixed .. b, . the phas•. changes, ie: 
at: ~· :;_ 90·~ there may be no cancellatioll at .ail. This· 
phase change, in the absence .. o~ baffles can be a . . . ·: . . .. 

governing factor in the bandwidth of the cancellation. 
The embodiment· of the inv•nt:.lon of Figs. 7A to 

35 138 can us~ on the far field pattern of th~ .microphones 
for cancellation. The reduction of the effect of b, is 
performed by the use of an acoustic design that tends to 
minimize or reduce to zero, dimension b, in Figure 9A, 
and that is modified to reduce the thickness of the probe 

' 
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as in, Fiqure 9B. Both designs use the relationship 

between band r (ie: b << r). 

In addition, the boom microphone/system of the 

invention is optimumly defined by the location of the 

5 microphone's pressure surfa~es, prefe~ably 180 deqrees in 

the case of the boom microphone, but cancellation will 

occur because of our subtraction type system at all 

angles. In fact, when the microphone pressure surfaces 

· are at o deqrees with respect to each other total 

10 cancellation· could be theoretically obtained but no· voice 

would be transmitted. -The inventive system can rely on 

the directivity patterns of the microphones in the near 

and far fields, orientation of their pressure sensitive 

surfaces, and the electrical process of subtraction. 

15 The typical circuits that can be utilized for 

subtraction are shown in Figs. lOA-12. 

In Fiqure lOA and lOB, the circuit is similar 

to the circuits utilized in the telephone embodiments 

above-described with respect to Figs.·1 to 5. In this 

20 circuit UlA is utilized for the subtraction, and UlB is 

utilized for output interfacing. 

The phase reversing circuit is shown in Fiqure 

11. This circuit will provide two siqnals at.points A 

and B 180 deqrees out of phase· with identical sound 

25 siqnals: in microphones 1 and 2, if the-microphones are 

ma~c::had_ parts. (by manufacture)·.. This output can be: 

... '·· · t:acl':: for' amplitude matching at a reference frequency 

·, .. :.*'=mant· of RA in conjunction with capacitor c. The 

i:·at •out is the noise:- canceled output when the 

30 microphones· are placed .. in the appropriate mechanical 

eri~ironment mentioned previously. 
AnaJ;ysis of the circuit of .Fiqura 11 can be 

shown to provide the following inrormation. The output 

at A is at the Source of the internal FET contained 

35 within the microphone (preferably elactret) such that its 

output is at an electrica·l angle of o degrees with the 

input pressuresiqnal, while the output at Bis from the 

' 
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Drain of the internal FET contained within electret 
microphone and its output is at an electrical anqle of 
180 deqrees with the input.pressure siqnal. When these 
two far field siqnals are summed toqether in a voltaqe 

5 mode, the output is zero if the amplitµde is adjusted by 

potentiometer RAat a reference frequency and: the 
magnitude response is flat across the frequency spectrum. 

In the· circuit .in Fiqure 12, the oppositely 
charqed microphones provide two siqnals at A and B 180 

10 deqrees out of phase with identical sound siqnals at 
microphones 1 and·2. This phase·reversal is accomplished 
by virtue of opposite charqinq durinq manufacture of the 
electret microphone condenser plates. 

All of the other characteristics· are as 
15 previously stated for the· phase reversinq-circuit. 

Circuits of the type found· ·in Fiqures. 11 and 12 provide 
for electrical subtraction without the need for usinq an 
op. amp. 

The boom microphone headset device ·of the. 
20 invention (e.q. Fiqs. 7A-13B)·can provide-for computer 

voice recoqnition. The boom microphqne headset provides 
superior rejection.of unwanted background' noise and 
excellent voice.response. The boom microphone headset 
can be. conf iqured to be compatible with a11· sound 

25 Blaster .. audio cards. Al.1 other audio-card interfaces 
are.· al.Sf? ·eaaily. accommodated., · ·· 
. ~~~::.~o.,;,f · Th• invent! ve boom ·microphone headset ( e. q. , 

:-~~7 .. 138) cOU:pled with tbe,·-lates't: in high quality 
• .... -~tl:acognition· software-, advances computer control with 

30 Voice to a reliability: and user friendliness level. equal. 
to. the keyboard and mouse. With-- th• present .. invention, 
voice recoqnition is -no lonqer conf inect tq quiet closed 
door· offices, but can be used'. in real.-world noisy 
environments· such as hotel lobbies, hospital emerqency 

35 rooms, manufacturinq facilities an¢ noisy office areas. 
Thus, the boom microphone headset can interface with 
computers, telephones or other-equipment in the real 

( 
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world or, the boom microphone (without headset) can be 

employed in various voice recognition applications. 

The inventive boom microphone headset is 

.designed to be sensitive to distance from the sound 

5 source. Arbitrary sound fields which,emanate from more 

than a few inches away from the microphone are 

substantially canceled by up to 30c:lB (32004). 

The inventive boom microphone headset 

preferably is connected to 3 .. meter cable which terminates 

10 in a 3.5 mm miniature plug (not shown). To connect it to 

the sound card, the user simply inserts the miniature 

plug into the Microphone input jack of the sound card 

(not shown). The inventive boom microphone headset then 

is placed on the user. The headset preferably has two 

15 features to help position the microphone in the proper 

position for reliable voice recognition: (1) adjusta:t;le 

temple pads on both the right and.· left sides and ( 2) an 

adjustable flex boom. The microphone at the end of the 

flexible boom prefer~bly has a white or other color-coded 

20 dot indicating the voice-side of the microphone which 

should be adjusted' to directly· face. the mouth. Proper 

close talking into the invention i~ helpful for accurate 

operation. Preferably the distance from the mouth to the 

microphone should be in the range of about 1/4 to about 

25 3/4~ preferably about 1/2 inch· or less• 
As· to use with the sound; Blaster-~ it· is 

_~'-····.;.'._ant to disable Automatic Gain' control·· (AGC) on the 
. ;. .-:::· .~ . . . 

- •.v ... ,~~:i·::~ before: usinq- the present· invention in noise · 

c~linq. applications. If AGC is ON, it will defeat the 

30 noise cancellation properties of the microphone by 

a~tomatically turning up the input audio volume when the 

user is not speaking. The AGC can be disabled on Sound 

Blaster• cards by running creative Mixer· and clickinq on 

the AGC software control under "Recordinq Settinqs ···"· 

35 The input audio qain is easily tailored to the tarqet 

application usinq the Creative Mixer· proqram. Testing 

of the inventive microphone headset can easily be 
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performed by usinq the record and playback featuresof 
the. creative Labs wave studio· program. 

Fiqs. 13A and 138 are active noise cancellation 
curves ~f the boom microphone in a headset embodiment 

5 with Fiq. 13A, top line, representinqpear field response. 
and Fiq. 13A, bottom line, representinq far field. 
response. In Fiq. 13&:, the-top line represents the close 
talkinq response and the-bottom line represents the 
background noise response. Typical specifications for an 

10 embodiment· of the inventive boom microphone headset 
include 

15 

20 

25 

Frequency Resp: · 
Output Impedance: 

SensitMty: 

Operating Voltage: 
Current: · 
·Bectrical:S/N: 
Noise Cancellation: 
C8ble Type: 
Length of Cable:· 

·Plug Type: 

Weight:· 

20 Hz to 10 kHz 
Low. Impedance 
(Cap8ble ·of drMng 560 ohm) 
-47 dB ::t 2 dB 
(O,.dB =· .1 v/Pa@ 1kHz, 5V) 
2Vto ... 10V 
< 1 mA (power supply SV) 
60-dB:(minirnum): 
See. fig-.rre.138 . 
Non-<letachablei shielded 
30QO :t 50 mm · · · 
3.5 mm stereo ·miniature. 
male.. .. . 
56 gm (withoUt cable) 

usinq interpretation ot. speec;m. intelliqibility 
AI; ~nd, ANS~ .. S3,. 5-1969-, a booa. microphone. headset of the 

30. : c .. ;. >,' :ion. and., a standard (prior art). dynamic. noise 

. .. . >infl~ microphone were· tested- and: .. the. results were as 
f ... :i.· 

I 
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5 200 
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400 

500 
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800 

1000 
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1600 

15 2000 

2500 
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ARTICULATION INDEX: INVENTIVE 
BOQM MICROeHONE 

S/N· (dB) Weight Factor Articulation (1) 
[NPR·FPR] r;JW Corrected) Weight (W) 

{ 

26.6 0.00046 0.01219 

24 0.0012 0.0288 

22 0~0012 0.0264 

20.5 0.0016 0.0328 

17.5 0.0016 0.028 

16 0.0023 0.0368 

15 0.0023 0.0345 

12 0.0028 0.0336 

15 0.0035 0.0525 

9.5 0.0043 0.04086 

9 0.0044. 0.0396 

5 0.0039 0.0195 

1 0.0039 0.0039 

I 
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5 1 /3 Octave Band 
Center Freq. (Hz) 

200 

250 

315 

10 400 

500 

630 

800 

1000 

15 1250 

1600 

2000· 

2500 

3150 
20 
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ARTICULATION· INDEX: 
STANDARD (PRIOR ARI) DYNAMIC 

NOISE GANCB I ADON MICRQptlONE 

.· ;·.·'·: 

S/N (dB) · Weight Factor. Articulation (1) 
[NPR-FPR] ~w Corrected) 1Welght (W) 

25.5 0.00048 0.01173 

18 0.0012 0~0218 

12 0.0012 0.0144 

11 0.0018 0.0178 

5.5 0~0018 o.oosa 
3 0.0023 ··o.0089 
0 0.0023 0 

4 0.0028 0.0112 

3.5 o.ooas·· 0~01225· 

5 0.0043 0.0215· 

2.2 0~0044 0~00968:· 

3 0~0039~ 0~0117 

2 0.0039' O.oont 

Interpretation of speech intelliqibility usinq 
AI and ANSI SJ.5-1969 shows an accuracy level of 93% for 
the present invention versus an accuracy level of only 

25 45~,for. the Standard Dynamic Noise Cancelinq Microphone. 
A< '~"~:.~- . . ~- isori. of this data reflects a reduction in error 

: .... :: -~~: ··~- . 
. 'ff·appro:ximately 8: 1 by the present invention 

(~~--·. ·:,.·_~ 45t std Dynami~ ·Mic, Noise Cancelinq AI 93% by 

present invention). Furthermore, additional AI is 
30 expected when constants are corrected to be active down 

to so cycles and below.. Literal evaluation of the AI 
calculation states that for every 100 words spoken, the 
present invention will comm~t 7 errors, and Standard 
Dynamic Microphones will commit 55 errors. All data and 

35 calculations were collected and performed at Andrea 
Electronics Corporation. Both microphone systems were 

I 
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tested at Andrea Electronics corporation under the same 

conditions. 
Further, although the above-described 

embodiments of the present invention have been described 

5 for use with telephone· handsets and bqom microphones and 

the like, the present invention is not so limited and may 

be used with numerous other devices such as intercom 

systems, telemetry, acoustic surveillance 

microphones, directional microphones andso forth. 

10 Further, the invention can be utilized in voice 

recognition and/or verification systems· such as systems 

for access to physical facilities, computer proqr~, 

computers or automatic teller machines and the like. 

~ditionally, the present invention may be used with 

15 processing devices operating in accordance with 

predetermined processing algorithms, as described in u .. s. 
Patent No.· 5,251,263, which· has a common·, assignee with 

the present application, and which is hereby .incorporated 

by reference; howeveri such.is not believed necessary to 

20 the invention. 
Furthermore, although· preferred embodiments of 

the present invention and modifications thereof have been 

described· in·detail herein, "it is to· be understood that 

this invention is not limited to those precise 

25 embodiments and modifications0
, and· that other 

modifications and variations-may be. affected. by one 

~t!ld::.in the art without departing from the spirit and 

s~'orthe invention as defined by the· appended claims. 

I 
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IJIU·JS. QLAIHID %8: 

1. Noise reduction apparatus comprising: 
a housing having first.microphone means for 

receiving a· first acoustic sound composed of speech 

5 originating from an operator operatin~ said apparatus and 
background noise, and for converting said first acoustic 
sound to a first signal, and second microphone means 
arranged at a predetermined angle e with respect to said 
first microphone means for receiving_ a second acoustic 

10 sound composed of substantially said background noise and 
for converting said second acoustic sound to a second 
signal; and 

means, for subtracting said second signal from 
1!5aid first signal so as to obtain·a signal representing· 

15 substantially said speech. 
2. The noise reduction apparatus accordinq to 

cla·im· 1, wherein at least one. of said first and second 
microphone means includes a plurality of microphones. 

3. The· noise reduction·. apparatus according to 
20 claim 1, wherein the first and/or second microphone means 

comprises a plurality of microphones and outputs from the 
first and/or second· microphone means, comprises· a weighted 
sum of several.microphone output voltages: which. are 
weiqhted according to a desired. function .•. · 

25 4-. The, noise reduction· apparatiis. accordinq. to 

30. 

cl.aim.. 3 ~ wherein the desired. function.: is· a gradient 
.,,,f,_::.:::.,:c:alqoritbJil. 

·· · 5 •. .. A microphone appar!lltus. for reducing: 
· ~:20und.· noise, said apparatus comprisinq: 

a housinq; 
a first.microphone havinq a first pressure 

sensitive surface and arranqed within said housing so as 
to receive a first .acoustic sound composed of .speech 
oriqinatinq from an operator operating said apparatus and 

35 said background noise, said first microphone for 
convertinq said first acoustic sound to a first signal; 

1111n1iiinr 
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a second microphone havinq a second pressure 

sensitive surface and arranqed within said housinq so as 

to receive a second acoustic sound composed of 

substantially said backqround noise, said second 

5 microphone convertinq said second acou~tic sound to a 

second siqnal, said second pressure sensitive surface 

beinq arranqed at a predetermined anqle with respect to 

said first pressure sensitive surface; and 
means for subtractinq said second siqnal·from 

10 said first siqnal so as to obtain a siqnal representinq 

substantially said speech. 

15 

6. A microphone apparatus accordinq to claim 

5, wherein said predetermined anqle is substantially 180 

deqrees. 
7. A microphone apparatus accordinq to claim 

6, wherein said first and second sensitive surfaces are 

located less than a predetermined amount from each other. 

8. A microphone apparatus accordinq to claim 

7, wherein said predetermined amount is approximately 

20 0.25 of an inch. 

25 

9. The noise reduction apparatus accordinq to 

claim 1, wherein said predetermined anqle ~ lies within a 

. ranqe from approximately 30 deqrees to approximately 60 

deqrees. 
10. The noise reduction apparatus accordinq to 

claim 9, wherein said first microphone means is arranqed 

i~~ct~housinq such that an anqle 8 formed between a 
····~:~:~ .. ···. . 

.. :·· ·-~ssing- throucjh a portion of said first microphone 

~-:·'which receives said first acoustic sound and an 

30 input direction of said speech is less than approximately 

35,deqrees. 
11. The noise reduction apparatus accordinq to 

claim 10, wherein said second microphone means is 

arranged in said housinq such that an angle P formed 

35 between an axis normal to the receivinq portion of said 

second microphone means and said input direction of said 

speech is approximately equal to [(90 - 8) + ~] deqrees. 


