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TELEPHONIC HEADSET STRUCTURE FOR REDUCING AMBIENT NOISE

FIELD OF THE INVENTION
This invention relates to telephone or radio receiver headset apparatus
and, more specifically, to a physical structure of such apparatus which reduces the
5 energy of unwanted local or ambient noise in relation to the energy of the desired

signal.

BACKGROUND OF THE INVENTION
Telephone headsets worn by the user and comprising one or two

receiving ear pieces and a speech transmitter, have multitudes of uses including .

" 10 major uses as operator and airline pilot headsets. Often, however, the use location or
environment contains substantial amounts of unwanted ambient noise which
interferes with the intelligibility to the user of the incoming speech.

Noise suppression circuits in the prior headset art detect the unwanted
noise, convert this from an acoustic signal to an electronic replica, create an
15 inversion thereof which is essentially 180 degrees out of phase with the ambient
noise signal and play the inverted signal into the headset’s receive channel which .
subtractively interferes with the unwanted noise signal.
The effectiveness of suppression circuits, however, is critically
dependent upon a careful design of the headset housing and its interior acoustics.
20 For example, identification and control of acoustic paths within the headset housing
are important in achieving cancellation over wide bandwidths.

'SUMMARY OF THE INVENTION
‘The "error microphone” which picks up ambient noise signals is located

approximately on the speaker axis as close as practical to the speaker cone surface

25 but not touching the speaker surface. The error microphone orientation is angled
relative to the speaker axis so that its sound entry port axis is substantially
perpendicular thereto. In this position the error microphone port is pointed laterally
for the purpose of accepting acoustic energy from both the acoustic speaker
containing incoming speech and the user’s external ear cavity.

30 Structure is provided to locate and fix the speaker and error microphone
in their own separate acoustic cai)ity in a headset housing at the end of the housing
which is adjacent to the user’s ear, with the error microphone effectively protruding

_into the ear canal. This expedient enables the heads;i. noise-_éaneellq_tipn .;é_:,__ircuit to
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FI ELD OF THE | NVENTI ON This invention relates to tel ephone
or radio receiver headset apparatus and, nore specifically, to a '
physi cal structure of such apparatus which reduces the 5 energy of unwanted
| ocal or, anbient noise in relation to the energy of the desired si gnal .
BACKGROUND OF THE T NVENTI ON Tel ephone headsets worn by the
user and conprising one or two recei vi nggear pieces and a speech
transmtter, have nultitudes of uses including 10 nmajor uses as operator
and airline pilot headsets. Oten, however, the use |ocation or .

envi ronnent contderive an gfective naise-eanselling signal at thenvesy paisd whare the LET PAFFCEIES

and experiences the noise itself, namely at the entrance to the ear.

DESCRIPTION OF THE DRAWING :
FIG. 1 is a top and side view, the latter in partial section of a housing for
5 atelephone headset speaker and noise suppression error microphone using the

invention; _
FIG. 2 is an assembly diagram of the housing and its end cap;
FIG. 3 is a top and side view (the latter in section) of an error
microphone and speaker support;
10 FIG. 4 is a side schematic diagram showing the assembly of the support
and associated sound-shaping pads into the headset housing;
FIG. § is a side perspective sketch of a preferred speaker unit for use
with the error microphone;
FIG. 6 is a schematic side view of the speaker unit;
15 FIG. 7 is a schematic sectional side view of the speaker unit shown in
greater detail;
FIG. 8 is an exploded side perspective view of a preferred error
microphone for use with the invention;
. FIG. 9 is a graph demonstrating the relative improvement in frequency
20 response gained by use of venting ports in the housing; and
| FIG. 10 is a schematic diagram of a headset configuration in which the
invention is useful, shown mounted on a user.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT
The headset housing and its associated components is illustrated
25 beginning with FIGS. 1-3. The housing 10 contains an error microphone and
associated speaker denoted 55. The hbusing 10 has an open end 11 and a cylindrical
wall portion 12. A baffle 23 acoustically isolates a bottom chamber 8 within housing
10, in which the speech transmitter circuitry is located, from the top chamber 16.
Advantageously, baffle 23 is relatively stiff to provide the needed acoustic isolation
30 between the two chambers of housing 10. Material with a modulus of elasticity of
essentially 250,000 or more is especially advantageous. A series of port openings 13
in wall 12 are formed in the chamber above baffle 23. As will be discussed in detail
hereinafter, the ports 23 help control the acoustic response of the speaker by
providing a useful adjustment to the phase and amplitude of the noiée-cancellihg




interferes with the intelligibility to the user of the incom ng speech.
No!se‘suppression circuits in the prior headset art detect the unwanted
noi se, convert this froman acoustic signal to an electronic replica,
create an 15 inversion thereof which is essentially 180 degrees out of

phase vith the anbient noi se signal and play the inverted signal into
the headset's receive channel which subf3r-actively interferes with the
unwant ed noi se signal . The effectiveness of suppression
circuits, however, is critically dependent upon a careful design of

the headset hougigh?& and its interior acoustics. 20 For exanple,
identification and cont ripdusiig HKie icrinied winh s exdetibt artged 4tvekiicls serveoihe idugl

are important | Bur%%?é of ﬂrg 1d1cnagnacr%|o{1r%ttjoxo A sl?a\ﬁ%ﬁ CMTE&f B3N G, 2, and also as
an acoustic shunt which diverts the radiated sound from the ports 13 into a relatively
5 longer path denoted 15 from the ports 13 to the user’s ear, thus to reduce interference
of this sound energy with the noise-cancellation energy.

_ Housing 10 is further formed with a tapered dome 17 which culminates
in a projection 18. The latter has a flattened circular end 9 modeled to fit into the
concha of the ear, as shown in FIG. 10. The dome 17 and its end 9 serve as a tactile

10 form to assist the user in locating the housing 10 securely into close proximity of the
ear canal. Projection 18 with its end 9 thus aids in precisely positioning the error
microphone and the associated speaker with respect to the user’s ear. This feature of
the invention will be further described in connection with FIG. 7.

Dome 17 is formed by a series of upwardly-extending concave spokes

15 19, as seen in the top view of FIG. 1. This shape for the spokes is advantageous to
lend strength to the dome 18 to enable it to resist forces generated if the user
forcefully mounts or adjusts the housing 10 onto the ear. The space between spokes
is left open to form voids 20, which assure relatively unobstructed passage of desired
speech and noise-cancelling signals from the circuit network and speaker. An

20 opening 22 in the top of the dome 17 is formed to give the error microphone direct
physical presence in the user’s ear. The open "grill" formed by the spokes and voids
correctly positions the headset over the pinna and concha of the user’s ear. The
concave contour of the end 9, which is the grill center, rests over and slightly within
the concha cavity of the user’s ear, aidin g in the reception of sound energy incident

25 upon the opening of the user’s ear canal. The muff 32 is constructed of porous foam
or similar material to be acoustically transparent so'as not to restrict the flow of
signal, noise, and noise-cancellation signal through it. In combination with the muff
32, the contoured grill thus provides a controlled acoustic venting path; and in
addition the grill contour is designed to provide a comfortable fit for the user.

30 FIG. 2 shows the headset transmitter boom 27 and a closed-end cap 24
mountable on the exterior of wall 12. The cap interior houses speech transmitter
circuit 30. Cap 24 swivel-mounts boom 27 to conventionally locate a speech

- " transmitter 25 with respect to the user’s mouth. Wires 29 connecting the transmitter
25 to the circuitry 30 are run in the interior 28 of boom 27. An acoustic muff 26

35 suppresses certain typical speech sounds, such as hissing, which are unwanted in the

telephonic transmission. The circuitry of headset housing 10 is connected to a



SUVMARY OF THE | NVENTI ON The "error m crophone” which

pi cks up anbi ent noise signals is |ocated approxi mately on the speaker
axis as close as practical to the speaker cone surface 25 but not touching
t he spegker surface. The error m crophone orientation is angled

relative to the speaker axis so that its sound entry port axis is
substantially per pendi cul ar thereto. Ingthis position the error

m crophone port is pointed laterally for the purpose of accepting
acoustic energy fromboth the acoustic speaker cont ai ni ng i ncom ng
speech and the usasmissiontnetwerk (netrshown) thyoughdline cord 31. Structure is

eyt g A
wall 12 of housing 10 to mount it to the yoke 37 of a headband 34. The yoke is
attached through a pivot 36 to a support 35. The latter is slideably mounted to

5 headband 34, the latter extending into an interior channel of the support 35. These
mountings provide a needed range of adjustments to ensure not only that the headset
is comfortable to the user, but also that the end 9 can be entered firmly and certainly
into the user’s ear concha during use.

The speaker enclosure portion of housing 10, designated 16 in FIG. 1, is
10 located on the side of baffle 23 facing the user’s ear. Enclosure 16 comprises an
acoustically controlled and separate compartment for housing the speaker-error |
microphone assembly. Referring now to FIGS. 3 and 7, a support frame denoted 40
for the speaker-error microphone assembly is shaped as an open cylinder connected
by a disc-shaped base 39. The base 39 is recessed to create shoulders 51. Base 39
15 carries the error microphone 41 in a position centered on the normal through pedestal
43 and the base 39. A series of spokes 48 connect the pedestal 43 to the base rim.
Spokes 48 are spaced to form openings 49 to acoustically access the underlying
speaker on the other side of base 39, as best seen in FIG. 7.
The error microphone 41 is of the electret type. Error microphone 41
20 advantageously has an omnidirectional response over a frequency range extending to
a minimum of 16 kHz acoustic energy. The phase response is flat over this range to
facilitate the noise-cancellation function performed by associated noise-cancelling
circuitry. The error microphone 41 contains an internal electrical amplifier (not
shown) which has approximately unity gain to facilitate electrical transmission of the
25 sound pressure signal. As seen in FIG. 8, error microphone 41 advantageously
comprises a cylindrical housing with the transducer diaphragm 44 recessed ina
central well 45. A felt membrane 46 caps the diaphragm 44.
FIG. 4 shows the assembly of support 40. The acoustic response of the
speaker 55 is improved by the combination of a rear enclosure consisting of the
30 housing wall 12 and baffle 23, together with two acoustical foam structures 47, 50.
The foam pad 47 behind speaker 55 and foam pad 50 in front of the speaker 55
provide damping of undesirable acoustic resonant modes and reflections emanating
from the enclosure 16 and the user’s ear. The pads 47, 50 advantageously are
installed slightly compressed, which helps stabilize the position of speaker support
35 40 while at the same time providing useful frequency response shaping. Use of the
front foam pad S0 provides the added benefit of reducing a high frequency response



which is adjacent to the user's ear, with the error mcrophone effectively

protruding

into the ear canal. This expedi ent enabl es the headset

noi se-cancel lation circuit to
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peak into a higher frequency range wherein the noise cancellation will not be
adversely affected. It has also been found, however, that too much compression of
the foam uses up space needed for the speaker support, and in addition, occasions
poor low frequency response.

Referring now to FIGS. 5, 6 and 7, the speaker type found most useful
in the practice of the invention is of the moving coil variety. A specific embodiment
of such a speaker consists of a frame 56 with a recessed flange 57 open at the center
to accommodate a magnet assembly consisting of two pole pieces 63 and 64 and a
permanent magnet 65. Several equalization ports 58 are formed in flange 57. A
mylar diaphragm 59 having a center bubble section 60 is fastened along its outer
perimeter to one side of flange 57. The exterior ring of diaphragm 59 is formed with
corrugations denoted 68. Several equalization ports 58 are placed through the flange
57, to enhance frequency response of the speaker. A disc of felt 66 is laid on the
underside of flange 57; and a disc of foam material denoted 67 is laid over base 39 to
control resonance. The coil wire 61 forming the moving coil armature of the speaker
is fastened around the lateral sides of the bubble 60, the wire coil extending into the
gap between the magnet pole pieces 63, 64. A permanent magnet 65 is
conventionally disposed between the poles. The overall magnet assembly 62 is
mounted rigidly on support 40.

Returning to the description of housing ports 13, FIG. 9 shows that the
frequency response curve of a selected noise-suppression circuit may be improved
by using several of the ports 13 rather than no ports. The dotted trace denoted 68 is a
measure of the frequency response of the apparatus when housing 10 has solid walls
with no ports 13. The solid trace denoted 69 was taken using a housing with ten
ports evenly spaced along wall 12. It is seen that frequency response with the ports
added is substantially and advantageously flattened. The frequency response curve is
increased in the 500 to 1200 Hz region. Further, the ports in combination with the
foam pads 47 and 50, reduce resonances in the 1500 to 2500 Hz region. It also has
been found that use of substantially more ports 13 on the specific embodiment shown
can detract from performance.
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FIG 1,js atop 5 I ilatter in partial sec ,Mlm ng
for 5 a tel ephone headset "sp@ak®rand noi se suppression error one
using the I nventi on; .i -G 2 is an assenbly di agram of

t he housing and its end cap; FIG 3 is a top and side view
(the latter in section) of an error '
Claims:

1. A telephonic headset comprising a speech transmitter, at least one
speech-receiving ear-mounted speaker, an error microphone for receiving ambient
noise, and .

5 a housing (10) for mounting said error microphone (41) and said
speaker, said housing characterized by
. a lower chamber (8)
an upper chamber (16) separated by a baffle (23) from said lower
chamber and comprising
10 ' a cylindrical wall (12)
a plurality of port openings (13) in said wall
an exterior flange (14) encircling said upper chamber
above said ports
a domed extension (17) of said upper chamber rising
15 above said flange, comprising a plurality of spokes (19), the space between said
spokes deﬁning voids (20) for unobstructed passing of desired speech and noise-
cancelling signals; and
a flattened platform in the center of said dome having an
opening (22) for exposing said error microphone (41) into direct physical presence in
20 the user’s ear.

2. Apparatus in accordance with claim 1, wherein said spokes are
contoured with an inwardly-directed concavity.

3. Apparatus in accordance with claim 2, further comprising a porous
muff fitting snugly around said dome and elastically gripping the underside of said
25 flange.

4, Apparatus in accordance with claim 3, further comprising a speaker
and error microphone mounting means comprising
a cylindrical member disposed in said upper chamber of said housing,
said member comprising
30 a recessed base extending across a first interior end of said
member,
means for mounting said error microphone in a position on said
base centered on the normal through said member, and
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m crophone and_speaker support; 10 FIG 4. A4S

‘di agr am showi nme support and as: kit e
‘sound- shapi ng pjmmm,"mm,met housi ng; : “ !*i;\l“ﬂl““\la
si de perspectiv erred speaker unit for 1 A a8he

error m crophone; * FIG 6.is a schemati ¢ S|de vi ew of the
speaker unit; 15 FIG 7 is a.gchematic sectional side view of
t he speaker uni t ~shown in greater detail; FIG 8 is

an expl oded side perspect ive view

eferr d error for
use wWith the invention; a chamber OTCO“P“"FPSW speaker.saidgh aa@ﬁb%aﬁw
the relative i W@pﬁmiidé of fai®baseaay the interior of said member.

5. Apparatus in accordance with claim 4, wherein said base comprises a
plurality of spaced spokes defining acoustic openings to said speaker.

5 6. Apparatus in accordance with claim 5, wherein said error microphone
comprises an electret component and a sound entry port acoustically accessing said
electret component; and said error microphone mounting means comprises means for
orienting said error microphone relative to the speaker axis so that stid sound entry
port axis is substantially perpendicular thereto. '

10 7. Apparatus in accordance with claim 6, further comprising a felt
membrane capping said sound entry port.

8. Apparatus in accordance with claim 7, further comprising a first
compliant means disposed behind said speaker, and a second compliant means
disposed atop said spaced spokes of said base for providing damping of undesirable

15 acoustic resonant modes.

9. Apparatus in accordance with claim 8, wherein said second compliant
means comprises a felt pad; and wherein said first compliant means is compressed in
its installed position.

10. Apparatus in accordance with claim 9, wherein said baffle comprises
20 relatively stiff material having a modulus of elasticity of essentially 250,000 or
more. | '

11, In a telephonic headset comprising a boom, a speech transmitter
mounted on said boom, at least one speech-receiving ear-mounted speaker, an error
microphone for receiving ambient noise, and control circuit means, the improvement

25 comprising: '
a housing for mounting said error microphone and said speaker,
comprising .
a lower chamber for mounting said boom and for housing said
control circuit means .

THIS SHEET HAS BEEN
REPLACED




20 Tresponse gWi ng ports in the housing;.  ang ]

FIG 10 is a sch i o diragramof—a headset configuration | T8 gen Replaced

inyéntion is USQM ”,m”, d on a user. DETAI LED DREHIFRI| ”"Iﬁ: :
- The headset hous h A8 .'

AN | LLUSTRATI VE . _
associ ated conponents is illusttated 25 beginning with FIGS. 1-3. The
housi ng 10 contains an error m crophone andg- associ at ed speaker denoted
55. The housing 10 has an open end 11 and a cylindrical wal | portion

12. A baffle 23 acoustically isolates a bottom chanbgr 8 wi thin housi g
10, in which the speech tram8mpperghambersaparajed by 3 baffle &om sqid lpwere P’HB T

;:Egmrt:gredég. acou%@%%?%??ilny’ baf f.I e .23 isr eI' atively S'.[ iff to pr ov:i de
a cylindrical wall having sound venting means :
a domed extension of said upper chamber rising' above
5 said flange for containing said speaker and said error microphone R
said dome further comprising sound venting means and
culminating in a flattened central platform having an opening for positioning said
error microphone into direct proximity to the user’s ear. ' -

| THIS SHEET HAS BEEN
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ser.fes of port openings 13 in wall 12 are forned in the

baffle 23. As will be discussed in detail her ei nafter, ports 23
hel p control the acoustic response of the speaker by provi di ng a useful
adj ustnment to the phase and anplitude of the-noise-cancelling '

30 between the two chanbers of housi ng 10 _Ivat:.eri al W t h aisshictiflas BegyrReplaced
el asticity of essentially 250,000 or nore is especiall ymﬂ m A

TELEPHONIC HEADSET STRUCTURE FOR REDUCING AMBIENT NOISE
Abstract
Telephone headsets used by operators and airline pilot headsets are
subject to substantial amounts of interfering ambient noise which detract from the
5 intelligibility of incoming speech. Noise reduction circuitry does not altogether
eliminate the interfering sound. A headset speaker (55) and error microphone 41)
housing (10) are disclosed which enable a gréater amount of unwanted noise
elimination. The speaker and microphone (41) are configured closely with respect to
each other and also to the user’s ear. They are acoustically isolated in their own
10 chamber. The microphone is located approximately on the speaker axis and
protrudes substantially into the user’s ear; and also is disposed close to the speaker
cone surface. Additional acoustical tuning features include venting ports (13) in the
housing, and acoustic damping padding at the microphone entrance and on either
side of the speaker (55). These expedients enhance the ability of the noise-
15 cancelling circuitry to effectively reduce the undesired noise heard by the user.
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diverts, the radiated sound fromthe ports into a relativ Bt r

path denoted 15 fromthe ports 13'to the M&er' s ear, thus:to reduce
I nterference of this sound energy with the noi se-cancellation enerqgy.
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Housi'ng 10 is further formed with a tapered dome 17 which cul m -

da projection 18. The latter has a flattened circular end*¥g

into the concha of the ear, as shown in FIG 10. The

end 9 serve as a tactile 10 formto assisf the user in | Ll
housi ng 10 securely into close proximty t he ear canal - PrOJectlon
18 with its end 9 thus aids in precisely positioning the error

m crophone and the associ ated speaker with respect to the user's ear. This
feature of the invention will be further described in connection with
FIG 7. Done 17 is fornmed by a series of

upwar dl y- ext endi ng concave spokes 15 19, as seen in the top view of FIG
1. This shape for the spokes is advantageogs to | end strength to the
dome 18 to enable it to resist forcep genegated if the user forcefully
nounts or ad#ysts t heShousin ar. The space between spokes
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is left open to formvoids 20, which assure relatively unobstructed passa
of desired speech and noi se-cancel ling signals fron1thhm6hﬁd&ﬁ¥e g
and speaker An 20 opening 22 in the top of the donme 17 s} = F
the error mcrophone direct physi cal presence in the u

open "grill" formed by the spokes and. v0|3'd‘P correctly positions the
headset over the pinna and concha of the user's ear. The - -concave
contour of the end 9, which is the grill center, rests over and slightly

Wi t hin the concha cavity of the user's ear, aiding in the reception of
sound energy incident 25 wupon the opening of the user's ear canal. The
muff 32 is constructed of porous foam or simlar material to be
acoustically transparent so as not to restrict the flow of si gnal ,

noi se, and noi se-cancel | ation signal through it. In conbination with the
muf f 32, the contoured grill thus provides a controlled acoustic

venti ng path; and in }?Il; é;
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user. 30 FIG 2 shows the headset transn1tﬁ§psh@s

cl osed-end cap 24 nount abl e on the exterior of wall iy

interior houses speech transmtter cjrcuit 30. Cap: 24iyr{-x

boom 27 to conventlonally | ocate a speeéﬁb transmitter 25 " with respect
to the user's nouth. Wres 29 connecting the transmtter . 25 1to the

circuitry 30 are run in the interior 28 of boom 27. An acoustic muff 26 35
suppresses certain typical speech sounds, such as hissing, which are
unwanted in the t el ephonic transni ssion. The circuitry of headset
housing 10 is connected to a

4

FIG.
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As further seen in FIG 2,
12 of housi ng 10 to mount it to the yoke 37 of a head

wal |
S

L4

transm ssi on network (not shown) through |ine cord 31.°
two swivel s 38 (one shown) conmﬁﬁ$eaqh£§
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mount'ed to 5 headband 34, the latter extending into an interi
t he 'suppoit 35. These nmountings provide a needed range of

at t ached through a pivot 36 to a support 35. The latter is sll?’m SBeenRepIaced
to ensure not only that the headset QV%S confortable to the user,

al so that the end 9 can be entered fir and certainly into the user
ear concha during use. The speaker encl osure portion of
housi ng 10, designated 16 in FIG 1, is 10 |ocated on the side of baffle
23 facing the user's ear. Enclosure 16 conprises an acoustically

controll ed and separate conpartmnment for housing the speaker-error
m cr ophone assenbly. Referring nowto FIGS. 3 and 7, a support frane

denoted 40 for the speaker-error mcrophone assenbly is shaped as an
open cylinder connected by a di sc-shaped base 39. The base 39 is

recessed to create shoulders 51. Base 39 —

8
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15 carries the error microphone 41 in a position centeredTBinSkeBaiad B REplaced
t'hr ough pedestal - 43 and the base 39. A series of spokes '

pedestal 43 to the base rim Spokes 48 are spaced to fodm“gmum‘ IHE
to acoystically access the underlying eaker on the ot e
39, as best seenin FIG 7. : i The error mcrophone 41 is of
the electret type. Error m crophone 41 20 advantageously has an .

ommi di rectional response over a frequency range extending to “a mni num
of 16 kHz acoustic energy. The phase response is flat over this range to
facilitate the noi se-cancellation function performed by associ at ed

noi se-cancel |l i ng circuitry. The m ¢r ophone 41 contains an
internal electrical anplifier (not ﬁj&p whi ch has approxi mately
unity gain to facilitate electrical transm ssion of the 25 sound pressure
signal. As seen in FIG 8, error mcrophone 41 advant ageously
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: -conprl ‘ses a cyli ndr| cal housi ng with the transducer di aphragm 44 recessed
in a central well 45. A felt nenbrane 46 caps the dia -?ﬁHﬁBecr‘Repldced
FIG 4 shows the assembly of support 40. The acoustic r espof1HAIK

speaker 55 is inproved by the combination of a rear encl osuf | : {of
the 30 housing wall 12 and baffle 23, together with-two acoustlca oam.
structures 47, 50. The foam pad 47 befri hd speaker 55 ‘and. foam pad 50 in
front of the speaker 55 provi de danpi ng of undesirable acoustic -
resonant modes g {'ﬁ‘r@ f ; he
user's ear. The pa%pﬂ?ﬁf(g ﬁgg?gp%gqryu%geﬁ@ﬁ]ﬁiﬁﬁsta @%\U\h IE% QOQSE-
conpressed, whiAlsteastps stabilize the p05|t|on of speaker support 35 40
while at the same tinme f e of
t he front foam pad Ege%}#dgl\%?)ga&ﬁgsh‘}e&%gg%g bene lﬁ‘?&g?ﬁg@doargl?%sg% aﬁﬁh

frequency respdHRigct to substantial amounts of interfering ambient noise which detract from the

5 intelligibility of incoming speech. Noise reduction circuitry does not altogether
eliminate the interfering sound. A headset speaker (55) and error microphone (41)
housing (10) are disclosed which enable a greater amount of unwanted noise
elimination. The speaker and microphone (41) are configured closely with respect to
each other and also to the user’s ear. They are acoustically isolated in their own

10 chamber. The microphone is located approximately on the speaker axis and
protrudes substantially into the user’s ear; and also is disposed close to the speaker
cone surface. Additional acoustical tuning features include venting ports (13) in the
housing, and acoustic damping padding at the microphone entrance and on either
side of the speaker (55). These expedients enhance the ability of the noise-

15 cancelling circuitry to effectively reduce the undesired noise heard by the user.

FIGURE 3.
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peak into a higher frequency range wherein the noise cancellation will not "

be - adversely affected. It has al so been found, however, that too nuch
conpr essi on of: t he foam uses up space needed for the speaker support,
and in addition, occasions poor | ow frequency response. 5

Referring'now to FIGS. 5, 6 and 7, the speaker type found nost useful
In the practice of the invention is of the-noving coil variety. A specific

enbodi ment of such a speaker consists of a frame 56 with a recessed
fl ange 57 open at the center to ac@ommodat e -a magnet assenbly
consisting of two pole pieces 63 and 64 and a per manent magnet 65.

Several equalization ports 58 are fornmed in flange 57. A 10 nyl ar di aphragm
59 having a center bubble section 60 is fastened along its outer
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perimeter to one side of fl ange 57. The exterior ring of diaphfégn159 s

forned with corrugations denoted 68. Several equalization ports 58 are
pl aced t hrough the flange 57, to enhance frequency response of the
speaker. A disc of felt 66 is laid on the undersi de of flange 57; and a

di sc 'of foam material denoted 67 is |laid over base 39 to 15 control
resonance. The coil wre 61 formng the noving coil -armature of the speaker
is fastened around the lateral sides of the bubble 60, the wire coi
extending into the gap between the3nagnet pol e pieces 63, 64. A

per mmnent magnet 65 is conventional | y di sposed between the poles. The
overall magnet assenbly 62 is nmounted rigidly on support 40. 20
Returning to the description of housing ports 13, FIG 9 shows that the
frequency response curve of a sel ected noi se-suppression circuit nmay be

I npr oved :
) FIG. 3 N
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b -usfng'seVeraI of the ports 13 rat her than no ports. The dotted trace

denoted - 68 is a measure of the frequency response of the apparatus
when housing 10 -has solid walls with no ports 13. The solid trace
denoted 69 was taken using a housing with-ten 25 ports evenly spaced al ong
wal | *12. It is seen that frequency response with the ports added is

substantially and advantageously flattened. The frequency response curve is
increased in the 500 to 1200 Hz region. Further, the ports in conbination
with the f oam pads 47 and 50, reddce resonances in the 1500 to 2500 Hz
region. It also has - been found that use of substantially nore ports 13
on the specific enbodi mrent shown 30 can detract from perfornmance.

4

FIG.
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1l..In ‘a tel ephom ¢ headset conprising a speech trans- m';tter, at |east one’
speéch-recei vi ng ear - nount ed speaker and. an error m crophone including a
directional port for receiving anbient noise, the inprovenent com prising:

a substantially cylindrical housing for nounting said error m crophone
and sai d speaker, said housing conpri sing a bottom chanber a
top chanber separated by a baffle from said | ower chanber and
conpri si ng
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a cylindrical wal |, . a plurality of'port openings in.said wall,

an exterior flange encircling said top chanber ' ‘above said ports;
a donmed extension of said top chanber rising above said fl ange,
sai d extension conprising a plurality of spokes, the space between
said - spokes defining voids for passing of desired speech
and noi se-cancel li ng signals; a flattened platformin the center of
sai d done havi ng an opening for exposing said error

7

8

FIG.
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m crophone tnto direct: physical presence in .~ the user's ear; and
means for nounting said speaker and error nmicro- phone in - said top
chanber such that said direc- tional port of said mcrophone is aligned
subst an- -’ tially perpendicular to the axis of propagation of said .
speaker . 2. Apparatus in accordance with claim1l, wherein said spokes are
contoured with an inwardly-directed concavity. 3. Apparatus in accordance
with claim2, further 8

FIG. 9
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: . . . 76
conprising a porous nuff fitti ng snugl y around said donme and el astlchP95 4

gripping the underS|de of said f

claim 3, vvhe
di sposed in

a recessed base exten

ng across a first interior end of
_6 -

We claim:

1. In a telephonic headset comprising a speech trans-
mitter, at least one speech-receiving ear-mounted
speaker and an error microphone including a directional
port for receiving ambient noise, the improvement com-
prising:

a substantially cylindrical housing for mounting said
error microphone and said speaker, said housing
comprising
a bottom chamber

Apparatus in accordance with

4.
Il'”m &ﬂnns furt her conpri ses: a cylindrical f_rame
sai d housing, said frane conprising -
|

said frane,

a top chamber separated by a baffle from said

lower chamber and comprising
a cylindrical wall,
a plurality of port openings in said wall,

an exterior flange encircling said top chamber:

above said ports;

a domed extension of said top chamber rising
above said flange, said extension comprising a
plurality of spokes, the space between said
spokes defining voids for passing of desired
speech and noise-cancelling signals;

a flattened platform in the center of said dome
having an opening for exposing said error
microphone into direct physical presence in
the user’s ear; and

means for mounting said speaker and error micro-
phone in said top chamber such that said direc-
tional port of said mxcmphone is aligned substan-
tially perpendicular to the axis of propagation of
said Speaker

2. Apparatus in accordance with claim 1, wherein

said spokes arc contoured with an inwardly-directed

concavity.

3 Appatatus in accordance with claim 2, further
comprising a2 porous muff ﬁttmg snugly around said
dome and eiasncally gripping the underside of said

flange.

4. Ap;;a:atus in accordance with claim 3, wherein
mounting means further compnses

a cylindrical frame disposed in said top chamber of -

said housing, said frame comprising
a recessed base extending across a first mtenor end
of said frame,
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7 - means for nounti ni sald error mcrophone in a position on

said base Ce“HHIHHIIHHIIIHfIINH

means for mounting said error microphoge in a
position on said base centered on the normal
through said member, and

a chamber for containing said speaker, said cham-
ber defined by the opposite side of said base and
the interior of said frame.

5. Apparatus in accordance with claim 4, wherein
said base comprises a plurality of spaced spokes defining
acoustic openings to said speaker. '

.6. Apparatus in accordance with claim 5, wherein
said error microphone comprises an electret component
and a sound entry port acoustically accessing said elec-
tret component; and said error microphone mounting
means comprises means for orienting said error micro-
phone relative to the speaker axis so that said sound
entry port axis is substantially perpendicular thereto.

7. Apparatus in accordance with claim 6, further
comprising a felt membrane cappmg said sound entry
port.

8. Apparatus in accordance with claim 7, further
comprising a first compliant means disposed behind said
speaker, and a second compliant means disposed atop

- said spaced spokes of said base for providing damping
of undesirable acoustic resonant modes.
. 9. Apparatus in accordance with claim 8, wherein
" said second compliant means comprises a felt pad; and
wherein said first compliant means is compressed in its
installed position.

10. Apparatus in accordance with claim 9, wherein -
said baffle comprises relatively stiff material having a
modulus of elasticity of essentially 250,000 or more.
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t hrough sai d nenber, .and a chanber for containing sai dREPQﬁEEMEN‘i;@lH@ET
cham ber defl ned by the opposi te side of said base amd— -the
interior of said frane. 5. Apparatus in accordance wt h

sai d base conprises a plurality of spaced spokes defining ac f as mi’m"’m’é
to said speaker. 6. Apparatus in accordance with claim5, wh
error microphone conprises$ an electret cgmonent and a soun
acoustically accessing said el ec- tret—eefpenent; and said err or m cr ophone
nmount 1 ng :
TELEPHONIC HEADSET STRUCTURE FOR REDUCING AMBIENT NOISE
Abstract
Telephone headsets used by operators and airline pilot headsets are
subject to substantial amounts of interfering ambient noise which detract from the
'5 intelligibility of incoming speech. Noise reduction circuitry does not altogether
eliminate the interfering sound. A headset speaker (55) and error microphone (41)
housing (10) are disclosed which enable a greater amount of unwanted noise
elimination. The speaker and microphone (41) are configured closely with respect to
each other and also to the user’s ear. They are acoustically isolated in their own
10 chamber. The microphone is located approximately on the speaker axis and
— protrudes substantially into the user’s ear; and also is disposed close to the speaker
cone surface. Additional acoustical tuning features include venting ports (13) in the
housing, and acoustic damping padding at the microphone entrance and on either
side of the speaker (55). These expedients enhance the ability of the noise- '
15 cancelling circuitry to effectively reduce the undesired noise heard by the user.

FIGURE 3.
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nmeans conprises nmeans for orienting said error mcro- phone relative & ookse - 4

speaker axis so that said sound entry port axis i s substantia
per pendi cul ar t hereto. 7. Apparatus in accordance wth cl ai
conprising a felt menbrane capping said sound entry port. 8
accordance with claim?7, further conprising a first conpliant
di sposed behi nd said speaker, and a second'bonpllant means RE

acoustic resongyj FPASNE HEADSET STRUCTURE FOR REDUCING A
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'FIELD OF THE INVENTION

This invention relates to telephone or radio receiver headset apparatus
and, more specifically, to a physical structure of such apparatus which reduces the

energy of unwanted local or ambient noise in relation to the energy of the desired
signal.

BACKGROUND OF THE INVENTION

Telephone headsets worn by the user and comprising one or two
receiving ear pieces and a speech transmitter, have multitudes of uses including
major uses as operator and airline pilot headsets. Often, however, the use location or
environment contains substantial amounts of unwanted ambient noise which
interferes with the intelligibility to the user of the incoming speech.

Noise suppressxon circuits in the prior headset art detect the unwantcd
noise, convert this from an acoustic signal to an electronic replica, create an
inversion thereof which is essentially 180 degrees out of phase with the ambient

noise signal and play the inverted signal into the headset’s receive channcl which
subtractively interferes with the unwanted noise signal.

The effectiveness of suppression circuits, however, is critically
dependent upon a careful design of the headset housing and its interior acoustics.
For example, identification and control of acoustic paths within the headset housing
are important in achieving cancellation over wide band_widths.

SUMMARY OF THE INVENTION

The “error microphone" which picks up ambient noise signals is located
approximately on the speaker axis as close as practical to the speaker cone surface
but not touching the speaker surface. The error microphone orientation is angled
relative to the speaker axis so that its sound entry port axis is substantially
perpendicular thereto. In this position the error microphone port is pointed laterally
for the purpose of accepting acoustic energy from both the acoustic speaker
containing incoming speech and the user’s external ear cavity.

Structure is provided to locate and fix the speaker and error microphone
in their own separate acoustic cavity in a headset housing at the end of the housing
which is adjacent to the user’s ear, with the error microphone effectively protruding
into the ear canal. This expedient enables the headset noise-cancellation circuit to




9. Apparatus in accordance with claim8, wherein said seco
nmeans conprises a felt pad; and wherein said first conplia
conpressed in its installed position. 10. Apparatus in ac
claim9, wherein said baffle conprises relatively stiff mat
nmodul us of elasticity of essentially 250,000 or nore.
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TELEPHONE HEADSET STRUCTURE FOR REDUCING AMBIENT NOISE
Abstract

Telephone headsets used by operators and airline pilot headsets are
subject to substantial amounts of interfering ambient noise which detract from the
intelligibility of incoming speech. Noise reduction circuitry does not altogether
eliminate the interfering sound. A headset speaker (55) and error microphone (41)
housing (10) are disclosed which enable a greater amount of unwanted noise
elimination. The speaker and microphone (41) are configured closely with respect to
each other and also to the user’s ear. They are acoustically isolated in their own
chamber. The microphone is located approximately on the speaker axis and .
protrudes substantially into the user’s ear; and also is disposed close to the speaker
cone surface. Additional acoustical tuning features include venting ports (13) in the
housing, and acoustic damping padding at the microphone entrance and on either:
side of the speaker (55). These expedients enhance the ability of the noise-
cancelling circuitry to effectively reduce the undesired noise heard by the user.

FIGURE 3.



