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Thi's invention relates to anbient noi se-reducing tel ephdne handsets. (oY
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FIELD OF THE INVENTION

This invention relates to telephonic handset apparatus and, more
specifically, to a handset structured to enhance the capability of noise cancellation
circuitry in reducing the energy of ambient noise that interferes with the
intelligibility of an incoming voice signal.

BACKGROUND OF THE INVENTION

Handsets which are standard equipment in telephone and other
telecommunication stations such as cellular terminals consist basically of a receiver
and a transmitter microphone connected by a handgrip. The utility of the
conventional handset in a noisy environment such as a construction site, a machine
shop, an airport, a bus terminal, or a car telephone station is diminished due to their
passing much of the interfering ambient noise to the user’s ear. Accordingly,
expedients such as a volume control sometimes are used in handsets of the prior art
to improve incoming speech intelligibility by increasing the incoming sound signal
relative to the noise signal level. The same unwanted noise still passes to the user,
however, and the resulting signal-to-noise ratio still substantially interferes with the

speech intelligibility.

Although handsets of the prior art typically have not employed noise-
cancelling circuits, such circuits may be found, for example, in prior art headsets for
aircraft use. Active noise-cancelling circuits typically pick up the ambient noise
signal with a noise-cancellation microphone and create an inverted version of the
unwanted noise signal. This is applied to the receive channel where it subtractively
interferes with the noise signal. The difficulty, however, in designing a handset
which incorporates electronic cancellation techniques, has to do in part with the
acoustic properties of a handset and specifically with matching of the phase and
amplitude of the noise-cancellip'g signal to the noise itself. The handset must be
designed to have an amplitude and phase response that is compatible with a practical
control circuitry for the noise-cancelling operation.

SUMMARY OF THE INVENTION _ ,_
According to this invention, there is provxded an ambxent noise- reducm g
telephone handset as claimed in claim 1. The earplece of the handset recexver ca p-

formed as a central aperture in which is mounted a housing.. Thls housmg comams .
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passi ng nuch of the interfering anbient noise to the user's ear.
Accordingly, expedi ents such as a volune control sonetinmes are used in
handsets of the prior art to nprove incom ng speech intelligibility by
i ncreasing the incomng sound signal 10 relative to the noise signa

| evel . The same unwanted noi se still passes2t-o the user, however, and
the resulting signal-to-noise ratio still substantially interferes mﬁth t he

speech intel i gigy ﬁdlwfancgléanon microphone. A gﬁﬁﬂ&ﬁ b8 theltiRnsing bRichds duigaddly 6 art

typically have not e é) noi se- 't ng CII‘CUItS such ciTcuits
may be found, fitjiptoBryser’s Quter %éa@l’é@'?ﬁhqnérth‘l%d‘r"'&'F Y s3mples arupienty

prior art devi C%o@béllﬂﬂlcqﬁirhé&té‘oicﬁﬁty%'ﬂfeﬂbhﬂ§ eftaidll The hbise-chdvelladdie ear.

is |IIustrated b oat nt e.cancel | i m cr.ophone
ount e Uiy eRRnahia e AgbieRGivise ST b g e D g gRl §fH o
| ocated in cl oseis pptdmaltyphase-relatedmmeambidnenelkefag&d.ucer. Anot her prior art
device intended to fit on or intoauser S ear is illustrated in

EP-A-0 425 129 A2. In this device, noi se cancelling 20 m crophone and
speaker may be &E@R&H!‘HDN@EMDRAWING& shell which is |ocated

FIG. 1 is a schematic side view of an illustrative handset;

FIG. 2 is a schematic side diagram in partial section of the receiver cap
detail of the illustrative handset;

FIG. 3 is a frontal view sketch of the receiver cap detail;

FIG. 4 is a graph showing a magnitude and phase delay relationship
between the receiver input drive voltage and the output voltage of the noise
cancellation microphone; and

FIG. 5 is a plot showing active noise-cancellation performance of an
illustrative inventive embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT

The noise-cancelling apparatus of the present invention is illustrated in a
telephone handset denoted 10 in FIG. 1. Handset 10 is of basically conventional
design and includes-a transmitter cap 11 and a receiver cap 12. A quantity of
acoustic blocking foam 13 is disposed in the handle portion 14 of the handset 10.
Foam 13 may be of 2 material such as an open pore polyurethane having substantial
resilience, good compliance and high acoustic damping properties. The foam 13 is a
necessary part of the acoustic circuit in order to reduce as much as possible
transmission of the user’s spoken sound energy from the transmitter portion of the
handset to the receiver portion. The foam also suppresses acoustic resonance in the
handset interior by effectively controlling the air volume behind the receiver.

As seen in FIGS, 2 and 3, the receiver cap 12 contains a telephone
receiver 15 which is connected by wire 16 10 a telephone line 9 of communications
network through a noise cancellation control circuit 40. Receiver 15 is contained

within a speaker mounting sleeve 17 which fits snugly into an annular housing 18 of
the receiver cap 12.

Receiver cap 12 is fabricated with a slightly domed earpiece 19 on the
exterior surface 20 which contacts the user’s ear. A series of radial slots 21 seen in
FIG. 3 provide an acoustic grill through which the incoming signél from receiver 13
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outside the user's ear canal. Altematively, there is shown a custom ear

cavity mould I n which both the m crophone and driver-speaker are
meunt ed next to each other. Acti ve noi se-cancel l-i ng
circuits typically pick up the anbi ent noise sianal with a

noi se-carcel | ation ni'crophone and create amtnverted version of the 25
unwant ed noise signal. This is applied to the receive channel where it

subtractively 4 as§eﬁtt6 eelfsgrss %‘ﬁrtcgnatl h%@ﬂb&%l%m o ;Hsggréal dnldi gositibted to

however, in deS| ni ng h i ncor por at el ectronic
cancel | ati on tepmusqurnisovendw shertess pessiblerouta frem ﬂ!fh‘@CGWef 548 30 §TPE

properties of apfiag f ching of the phase and
anpl i tude of the noﬁz(gk ﬂlﬂs 'ndu@ﬂJ phiine/MduSing B! p

canc naI Q the noj se e .The handset
must be 30 designed to fﬁ\?é"lﬁwphﬂ‘iﬂ t?"(“éi’&& ARe \bq'?éé apgg%%ﬁg@oflﬁggmggousmg
Corrpat i bl e Wi t h23 oRleafpidcs ekterior 20; @nd & eleevd) 2Twithih yWwHicH rnidﬂﬁphme 22 ichwedbl | i ng
operati on.

an anbi ent noi s@@@f?&cmﬁsmg%ﬁg%ﬁi Egﬁé%h?lfzoéltsg i OW#W%?&]@W ded

The ear pi ece of eithmsxdxamiefahousmg@?’v@xtanspnmesmmndeétoc&rmd@rotambrshghtb into
the user’s outer ear to aid in positioning the handset on the user’s ear, and to place
the microphone 22 as near to the ear as possible so that it senses the precise sound
field which impinges on the user’s ear. This degree of fit is needed in order to
achieve an optimum noise-cancelling performance over the bandwidth reaching from
approximately 100 Hz to 1,000 Hz which is most critical to control for improved
speech intelligibility.

Further, as seen in FIGS. 2 and 3, sound ports 26 in combination with
acoustic grill slots 21 form an acoustic path between receiver 15 and microphone 22
which is short and direct, and therefore presents relatively little acoustic resistance
and phase delay. Minimizing the acoustic resistance between receiver 15 and
microphone 22 is highly desirable to minimize phase delays between the control
signal received by microphone 22 and the noise-cancellation signal generated in
circuit 40. These signals should have as little phase difference as i)ossible. The
juxtaposition as illustrated in FIG. 3 shows the sound ports 26 and the elongate
acoustic grill slots 21 as being located with respect to each other in the requisite
proximity.

Microphone wires 32 connecting microphone 22 to the control circuit 40
may be exited from cavity 29 through a passage 33 formed in annular housing 18.
Advantageously, a felt pad 28 is placed between the microphone 22 and the sound
ports 26 to prevent dust or other particles from being introduced through the ports 26
onto the microphone 22. A layer of acoustically transmissive material may be added
on top of the pad 28 to further insure against dust and moisture intrusion. The
acoustic slots 21 likewise should not be so open as to permit particulate matter to be
introduced therethrough or to allow users to gain entry into the interior of receiver
cap 12 with paperclips or the like. A protective screen 31 advantageously is
disposed over receiver 15. Screen 31 may bea perforated metal disc or grill.
Acoustically, screen 31 serves the purpose of transmitting the sound emitted by
receiver 15 without distortion or diminishment.
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35 which is nounted a housing. This housing contains A

-2- t he noi se-cancel | ati on m crophone. A portion of kﬁﬁ F&}‘l M““; %W lﬁ
ekt ends outwardly of the carpiece to fit into a user's} out rméat?sw .
/[ m ct phone thus directly sanpl es amnbi ent noi se in the Hiate

vicinity of the user's ear canal. The noi se4cancell ation circuitry

responds to the anmbi ent noi se by produci ng a noi se-reduction signal which

As seen in FIG. 2, receiver cap 12 includes a cavity 29 into which foam
30 is placed. Advantageously, the foam has characteristically open cell structure and
is light in weight. A reticulated polyurethane foam is one suitable material. Foam
30 prevents dirt from intruding on the receiver 15 and also smooths the phase
response, by damping undesirable resonant modes and refiections emanating from
the enclosure and the user’s ear.

The residual phase delay between the noise-cancelling signal driving
receiver 15 and the control signal generated by the microphone 22, may be
predetermined.

The handset design of the present invention produces an
electroacoustical transfer function from the speaker input voltage to the microphone
output voltage that, with the addition of a low complexity compensation circuit of
the cited patent application, provides excellent closed loop cancellation performance
in the range of from 100 Hz to 1100 Hz. This transfer function, shown in FIG. 4,
provides several valuable characteristics. First, it varies gradually with frequency,
without erratic or peaked responses. Further, its magnitude rolls off at frequencies
above about 1000 Hz such that substantially all resonant peaks above about 2000 Hz
are down-more than 20 dB from the maximum amplitude. Also, its phase lies
between 0 and 360 degrees in the range of from about 100 Hz and in excess of 3000
Hz as seen in the lower curve of FIG. 4. The physical design concepts of the instant
invention help achieve these results. '

Importantly, the size and shape of the slots 21 and ports 26 must be
controlled to avoid acoustic resonance of microphone 22 and the handset receiver
enclosure. The volumes enclosed by the microphone housing 23 with associated
ports 26 and microphone 22 comprise a potentially resonant acoustic chamber.
Resoriant response of this chamber at frequencies within the audible frequency range
will introduce amplitude and phase response distortions that degrade the acoustic
noise reduction performance. The configuration, diameter and length of ports 26
selected to reduce this effect. Similar undesired resonant effects are avoided in the
handset receiver enclosure through the configuration of slots 21 which allow passage
of sound while preventing access to the speaker.

The utility of the instant invention may be further appreciated by
reference to FIG. 5. There, data on noise cancellation vs. frequency taken from an
experiment with a single subject, is plotted for the case where the invention is used
with a complementary noise cancellation circuit such as described in the cited patent
application. Noise cancellation may be defined as the ratio of the noise power
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5 is optimally phase-related to the anbient noise signal. /77 7m77—rou—

DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic side
vi‘ew of an illustrative handset; FIG 2 is a schematic
side diagramin partial section of the receiver cap detail of the
illustrative handset’ "10 FIG "?1is a frontal view sketch of
the receiver cap detail; FIG 4 is a graph showing a

magni t ude and pispectrum) AyheREAS e@nwith the cancelladiémeiechit o, 'rmﬁclb 1|¢cﬁ§e powsHt
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noi se- cancel | at isubjepis éasdmemesingrdn Btymiblic ear probé togétherewitnu spécirum matyaes. ment
FIG. 5 shows cancellation performance from 100 Hz to 1100 Hz with over 10 dB of
noise cancellation between 130 Hz and 700 Hz; and up to 15 dB at 400 Hz. This
frequency band of cancellation is very effective in the typical noisy environments
noted earlier. The level of cancellation is sufficient to make otherwise unintelligible
incoming speech understandable.




DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENT The
noi se-cancel | i ng apparatus of the present invention is ill us}t""-",_',é,“_t.“ 1 e >
t el ephere-handset—denoted 10 in FIG |. Handset 10 is of ba ic‘eﬂ’le‘%ﬂf‘ HAS BEEM[

conventizgnal o se desi gn and includes a transnitter cap 11 dnd_a HedeiCger =
cap 12. i§ Emul‘ﬂ} “ﬁ acoustic bl ocking foam 13 is di sposed I T
handl e p{ L s LWe handset 10. Foam 13 may be of a material such
as an open pore pol yurethane having substanti al resilience, good

conpl i ance and high acoustic danping properties. The foam13 is a
necessary part oA acoustic circuit in order to reduce as nuch as

possi bl e transm ssiprA®hmbieat ssis-reducipgtetsphomeindsn €1@)\cofmpeising he

transmtter portion aof the 25. handset ta thedrecei ver tlﬁ)o mg 1I,°am

al so suppresses HEBWRHFCANOIEGHYER RIS, Hapyfuticr an ﬁg‘}?&@é{)aﬁsﬁ? (L,’r | oljraslg‘y ©

ifs fectivel y cont aizsbbsea@ntshia ﬁad" avtedeivee ( 15 micwitedlie said caieiver cap (12), a noise-

seen in . . 3, the.recgiver_ g ' .

recei ver 15 whic ﬁachﬂ%mqr{glgfoggo &\'%Xraenois%pc[aégeéﬁﬁgrf g&{%}] glréu?ﬂn(g@g ?‘@‘?mea"s :

comuni cations (32) connecting said microphone (22) to said circuit (40), CHARACTERISED IN
THAT said receiver cap (12) comprises an earpiece (19) formed with a central
aperture on the exterior surface (20), and a housing (23) mounted through said
aperture and extending into the interior of said cap (12) toward said receiver (15)
contains said microphone (22), said housing comprising an outwardly protruding
extension (27) which fits into a user’s outer ear to position said microphone (22) to
directly sample ambient noise in closest proximity to the user’s ear canal.

2. A handset as claimed in claim 1 comprising a plurality of radial slots
(21) placed around said aperture through said earpiece (19) defining an acoustic grill
through which signals from said receiver (15) are passed substantially directly to the
user’s ear canal.

3. A handset as claimed in claim 2, wherein said housing extension (27)
comprises a plurality of sound ports (26), said ports (26) being configured and sized
to reduce any resonant response characteristic of said microphone housing (23).

4. A handset as claimed in claim 2 or 3, comprising an acoustically
transmissive pad (28) placed between said microphone (22) and said ports (26) to
block particulate matter from entering said receiver cap interior through said ports
(26).

5. A handset as claimed in claim 4, comprising a layer of acoustically
transmissive dust and moisture-impermeable material placed over the exterior-facing
surface of said pad (28).

6. A handset as claimed in claim 5 comprising an acoustically non-
distorting protective screen (31) placed over the exterior-facing side of receiver (15),
for passing sound from said receiver (15) with minimum distortion and energy loss.

— 7. Ahandset as claimed in claim 6 wherein said receiver cap (12)
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net wor k t hrough a noi se cancellation control circuit 40. Receiver 15 is

cont ai ned 30 W_Lth_a_speaKep—n@untl ng sI eeve 17 which fi t,su_sn.u.gl y.into an

nul a ecei ver 12. { THI5 REEH WRE AR I
12 i s fabr| cat ed”lﬂﬂ“umtﬂlluﬂg [LHLdorred ear pi ece 19 on the | :
surface 20 which s ear. A series of radi a—s ] Q-
I n FIG 3 provi de an Acolst’ic grill thrdqugh which the incom ng si gnal
fromreceiver 15 - 3-

comprises an open cell foam (30) contained in the space between said receiver (15)
and said microphone (22), said foam being adapted to damp resonant modes and
reflections emanating from or originating in the internal space of said cap (12) and

the ear of a user.

8. A handset as claimed in claim 6 or 7 wherein said screen (31)

comprises a perforated metal disc.
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is passed to the user's ear canal. The slots 21 also are configured and
positioned to pass sound over the shortest possible route fromtherecerver——
15 to an error mcrophone 22 disposed in nicrophone housing 23.

The m crophone housing 23 includes a flange 24 for positioning housing 23

on earpi ece exterior 20, and a sleeve 25 whthin which nicrophone 22 is

fi xedly nounted. Housing 23 al so includes a series of sound ports 26 forned

t hrough an extension 27 of housing 23. Extension 27 is intended to fit and
protrude slightly into the user's outer ear to aid in positioning the

handset on the user's ear, and to place the m crophone 22 as near to the

ear as possible so that .it—senses the precise sound field which inpinges on
the user's I's degree of fit is needed in order to achieve an optinmum
noi se- cancelllng perfornance over the bandw dth reaching from approxi mately
100 Hz to 1, G?O%FE whi ch ks nost criticgf i@ ,cotrol for inproved speech
intelligibilit?




Fhrther, as seen in FIGS. 2 and 3,
acoustic grill

mi.cr ophone 22 which is short and direct, and therefore presqnifsc TRla T el
little acoustic resistance and phase delay. Mnim zing the gc dLﬁ éli{‘ T hA% XEW
resi stance between receiver 15 and m croplone 22 is highly de5|raBE%U¥%D

m ni mze phase del ays between the control signal received by m crophone 22

and the noi se-cancel | ati on si gnal
shoul d have as little phase difference as possible.

sound ports 26 in conmbination with
slots 21 forman acoustic path between receiver 15 and

generated in circuit 40. These signals
The juxtaposition as

illustrated in FIG 3 shows the sound ports 26 and the el ongate acoustic
grill slots 21 as being located with respect to each other in the requisite
M crophone wires 32 connecting m crophone 22 to the
control circuit 40 may be exited fromcavity 29 through a passage 33 forned

proximty.
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onto the m crophone 22. A |layer of acoustically transm ssive ‘Wﬂdg,,rialff’r&l/—--—
be added on top of the pad 28 to further insure against dust and noi sture

i At rusi on. The acoustic slots 21 |ikew se should not be so open as to

permt particulate matter to be introduced therethrough or to allow users

to gain entry into the interior of receive® cap 12 with paperclips or the

|i ke A protective screen 31 advantageously is disposed over receiver 15. °
Screen 31 may be a perforated nmetal disc or grill. Acoustically, screen 31
serves the purpose of transmtting the sound emtted by receiver 15 w thout

di stortion or dimnishnment.




As seen in FIG 2, receiver cap 12 includes a cavity 29 into which foam
30 i s placed. Advantageously, the foam has characteristically open cel

stiructure and is |
one suitable material.
recei ver

i ght
Foam

i n weight.

A reticul ated pol yurethane foamis

30 preveg&s dirt fromintruding on the -

15 and al so snoot hs the phase
undesirabl e resonant nodes and refl ections emanating from

encl osure and the user's ear.

bet ween t he noi se-cancel ling signal

driving

response,

by danpi ng
t he

The resi dual
recei ver

phase del ay

15 and the

control signal generated by the m crophone 22, may be pr edet er m ned.
10 The handset design of the present invention produces an
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el ectroacoustical transfer function from the speaker input voltage to the

m cr ophone Qut put voltage that, with the addition of a Tow-ecenplexit
conpensation circuit, provi des excel |l ent
cl osed | oop cancel |l ati on performance sLn the range of from 100 Hz to
1100 Hz. This transfer function, shown inFIG 4. 15 provides several

val uabl e characteristics. First, it varies gradually with frequency,
Wi t hout eratic or peaked responses. Further, its magnitude rolls off at

frequenci es above about 1000 Hz such that substantially all resonant
peaks above about 2000 Hz are down nore than 20 dB from the maxi num
anplitude. Also, its phase lies between 0 and 360 degrees in the range
of from about 100 Hz and in excess of 3000 20 Hz as seen in the | ower
curve of FIG 4. The physical design concepts of the instant i nvention
hel p achi eve these results. | portantly, the size and

shape of the slots 21 and ports 26 nust tﬁiﬁ#&; coutrolled to avoid
acoustic resonance of m crophone 22 and t nds receiver

encl osure. The vol unmes encl osed by the m crophone housing 23 with
associ at ed
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25 ports 26 and m crophone 22 conprise a potentially resonant acoustic
chanber. Resoriant response of this chamber at frequencies within the
abidi bl e frequency range wi Il introduce anplitude and phﬁ@ 2%'3;:@0;3,__&55?9 *,3;
di stortions that degrade the acoustic noi se reduction joer tor, Fn% g@ {
configuration, diameter and | ength of ports 26 sel ect ed.t.o_rBdlf r}Ihl 5.
effect. Simlar undesired resonant effects are avoided in the 30 handset
recei ver enclosure through the configuration of slots 21 which allow

passae | o s e RSP SRS NSt

reference to Fl GAbgracthere, data on noi se cancellation vs. frequency taken
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the invention is used 35 wt |on CITcuit
such as descri bergcsiver(he) ends apd ﬁmnémng handlapquwacd tmhaveiphysical gharadteristicon

may be defined agmai ptovidabesushé chadiforéttisioR@Mplement noise cancellation circuitry. The
receiver (15) is mounted in the receiver cap (12), which is built with a domed,
apertured earpiece (19) extending from the exterior surface of the receiver cap (12).
A housing (23) mounted into the earpiece (19) and extending out therefrom, contains
a noise-cancellation microphone (22). The housing (23) thus extends the
microphone (22) into a user’s outer ear thereby to enable the microphone to sample
ambient noise close to the user’s eardrum.
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5- *spectrum at the user's ear, with the cancellathﬁf’éffﬁcﬁﬂtk"oﬂ» " 1o
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This invention relates to ambient noise-reducing telephone handsets.

Handsets which are standard equipment in telephone and other
telecommunication stations such as cellular terminals consist basicallv of a recelver
and a transmitter microphone connected by a handgrip. The utility of the
conventional handset in a noisy eavironment such as a construction site, a machine
shop, an airpor, a bus terminal, or a car telephone station is diminished due to their
passing much of the interfering ambieat noise to the user’s ear. Accordingly,
expedients such as a volume conirol sometimes are used in handsets of the prior art
to improve incoming speech intelligibility by increasing the incoming sound signal
relative to the noise signal level. The same unwanted noise still passes to the user,
however, and the resulting signal-to-noise ratio still substantially interferes with the
speech intelligibility.

Although handsets of the prior art typically have not employed noise- ™ ~
cancelling circuits, such circuits may be found, for example. in prior art headsets for ‘
aircraft use. A prior art device using active noise cancellation which fits into the ear,
is illustrated by U.S. patent 4,945,925, A noise cancelling microphone is mounted
in an earplug housing that inserts intc a user’s ear, and is located in close proximity
to a speaker-transducer. Another prior art device intended to fit on or into a user’s
ear is illustrated in EP-A-0 425 129 A2. In this device, a noise cancelling
microphone and speaker may be disposed altogether within a shell which is located
outside the user’s ear canal. Alternatively, there is shown a custom ear cavity mould
in which both the microphone and driver-speaker are mounted next to each other.

Active noise-cancelling circuits typically pick up the ambient noise
signal with a noise-cancellation microphone and create an inverted version of the
unwanted noise signal. This is applied to the receive channel where it subtractively

interferes with the noise signal. The difficulty, however, in designing a handset

which incorporates electronic cancellation techniques, has to do in part with the

acoustic properties of a haadset and specifically with matching of the phase and
amplitude of the noise-cancelling signal to the noise itself. The handset must be
designed to have an amplitude and phase response that is compatible with a practical
control circuitry for the noise-cancelling operation.

According to this invention, there is provided an ambient noise-reducing
telephone handset as claimed in claim [.

The earpiece of the handset receiver cap presents a central aperture in

which is mounted a housing. This housing contains



I ncom ng speech under st andabl e. C ai ns:
1. An anbi ent noi se-reduci ng tel ephone handset (10) conpri sing REPLACEMENT SHH'
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the noise-cancellation microphone. A porti&)ir}l gf the housing extends outwardly of

the earpiece to fit into a user’s outer ear. /mcrophone thus directly samples ambient

noise in the immediate vicinity of the user’s ear canal. The noise-cancellation

circuitry responds to the ambient noise by producing a noise-reduction signal which
5 is optimally phase-related to the ambient noise signal.

DESCRIPTION OF THE DRAWINGS

FIG.lisa schematic side view of an illustrative handset,

FIG. 2 is a schemaric side diagram in partial section of the receiver cap
detail of the illusrative handset;

10 FIG. 3 is a frontal view sketch of the receiver cap detail;

FIG. 4 is a graph showing a magnitude and phase delay relationship
between the receiver input drive voltage and the output voltage of the noise
cancellation microphone; and

FIG. 5 is a plot showing active noise-cancelation performance of an

15 illustrative inventive embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT

The noise-cancelling apparatus of the present invention is illustrated in a
telephone handset denoted 10 in FIG. 1. Handset 10 is of basically conventional
design and includes a transmitter cap 11 and a receiver cap 12. A quantity of

20 acoustic blocking foam 13 is disposed in the handle portion 14 of the handset 10.
Foam 13 may be of a material such as an open pore polyurethane having substantial
resilience, good compliance and high acoustic damping properties. The foam 13 is a
necessary part of the acoustic circuit in order to reduce as much as possible
transmission of the user’s spoken sound energy from the transmitter portion of the

25 handset to the receiver portion. The foam also suppresses acoustic resonance in the
handset interior by effectively controlling the air volume behind the receiver.

As seen in FIGS. 2 and 3, the receiver cap 12 contains a telephone
receiver 15 which is connected by wire 16 to a telephone line 9 of communications
network through a noise cancellation control circuit 40. Receiver 15 is contained

30 within a speaker mounting sleeve 17 which fits snugly into an annular housing 18 of
the receiver cap 12.

Receiver cap 12 is fabricated with a slightly domed earpiece 19 on the
exterior surface 20 which contacts the user’s ear. A series of radial slots 21 seen in
FIG. 3 provide an acoustic grill through which the incoming signal from receiver 15
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The residual phase delay between the noise-cancelling signal driving
receiver 15 and the control signal generated by the microphone 22, may be
predetermined. |

10 The handset design of the present invention produces an
electroacoustical transfer function from the speaker input voltage to the microphone
output voltage that, with the addition of a low complexity compensation circuit,

provides excellent closed loop cancellation performance
in the range of from 100 Hz to 1100 Hz. This transfer function, shown in FIG. 4,

15 provides several valuable characteristics. First, it varies gradually with frequency,
without erratic or peaked responses. Further, its magnitude rolls off at frequencies
above about 1000 Hz such that substantially all resonant peaks above about 2000 Hz
are down more than 20 dB from the maximum amplitude. Also, its phase lies
between 0 and 360 degrees in the range of from about 100 Hz and in excess of 3000

20 Hzas seen in the lower curve of FIG. 4. The physical design concepts of the instant
invention help achieve these results.

Importantly, the size and shape of the slots 21 and ports 26 must be
controlled to avoid acoustic resonance of microphone 22 and the handset receiver
enclosure. The volumes enclosed by the microphone housing 23 with associated

25 ports 26 and microphone 2 comprise a potentially resonant acoustic chamber.
Resoriant response of this chamber at frequencies within the audible frequency range
will introduce amplitude and phase response distortions that degrade the acoustic
noise reduction performance. The configuration, diameter and length of ports 26
selected to reduce this effect. Similar undesired resonant effects are avoided in the

30 handset receiver enclosure through the configuration of slots 21 which allow passage
of sound while preventing access to the speaker.

The udlity of the instant invention may be further appreciated by
reference to FIG. 5. There, data on noise cancellation vs. frequency taken from an
experiment with a single subject, is plotted for the case where the invention is used

35 with a complementary noise cancellation circuit such as described in the cited patent
application. Noise cancellation may be defined as the ratio of the noise power
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(26) . disposed on said ends, a receiver (15) mounted in said receiver cap (12), a noise-
5 cancellation microphone (22), a noise-cancellation control circuit (40), and means
(32) connecting said microphone (22) to said circuit (40), CHARACTERISED IN
THAT said rcc-_gfjcvcr cap (12) comprises an earpiece (19) formed with a central
aperture on / exterior surface (20), and a housing (23) mounted through said
aperture and extending into the interior of said cap (12} toward said receiver (15)
10 contains said microphone (22), said housing comprising an outwardly protruding
extension (27) which fits into a user’s outer ear to position said microphone (22) to
directly sample ambient noise in closest proximity to the user’s ear canal.
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2. A handset as claimed in c]Iaxm 1 comprising a plurality of radial slots
(21) placed around sadepertureﬁthDuch said earpiece (19) defining an acoustic grill
15 through which signals from said receiver (15) are passed substantially directly to the

user’s ear canal.

3. A handset as claimed in claim 2, wherein said housing exiension (27)
comprises a plurality of sound ports (26), said ports (26) being configured and sized
to reduce any resonant response characteristic of said microphone housing (23).

20 4. A handset as claimed in claim 3, comprising an acoustically
ransmissive pad (28) placed between said microphone (22) and said ports (26) to
block particulate matter from entering said receiver cap interior through said ports
(26).

5. A handset as claimed in claim 4, comprising a layer of acoustically
25 transmissive dust and moisture-impermeable material placed over the exterior-facing
surface of said pad (28).

6. A handset as claimed in claim 5 comprising an acousticaily non-
distorting protective screen (31) placed over the exterior-facing side of receiver (15),
for passing sound from said receiver (15) with minimum distortion and energy loss.

30 7. A handset as claimed in claim 6 wherein said receiver cap (12)
-
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comprises an open cell foam (30) contained in the space between said receiver (15)

and said microphone (22), said foam being adapted to damp resonant modes and

reflections emanating from or originating in the internal space of said cap (12) and
the ear of a user.

5 8. A handset as claimed in claim 6 or 7 wherein said screen (31)
is  aperforated metal disc.
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Claims:

I. Anambient noise-reduciag telephone handser (10) comprising
transmitter and receiver ends, ransmitter and recsiver caps (11,12) respectively
disposed on said ends, a recaiver (13) mounted in said receiver cap (12), a noise-
canczllation microphone (22), a noise-cancailation control circuit (40), and means
(32) connecting said microphone (22) to said circuit (40), CHARACTERISED IN

THAT said receiver cap (12) comprises an earpiece (19) formed with a cantral
aperture on  its exterior surface (20), and a microphone housing (23) mounted through

said aperture and extending into the interior of said cap (12) toward said receiver (15),

said housing comprising an outwardly protruding extension (27) containing said

microphone (22), which fits into a user’s outer ear to position said microphone (22) to

directly sample ambient noise in closet proximity to the user’s ear canal.

2. A hands tas clame.d i claim ! comprising a plurality of radial slots
cent,
(21) placed around sazd/’iucr'ureﬁhrouch said earpiece (19) defining an acoustic grill
through which signals from said receiver (13) are passed substantially directly to the

user’s ear canal.

3. A handset as claimed in claim 2, wherein said housing extension (27)
comprises a plurality of sound ports (26), said ports (26) being configured and sized
to reduce any resonant response characteristic of said microphone housing (23).

4. A handset as claimed in claim 3, comprising an acoustically
transmissive pad (28) placed between said microphone (22) and said ports (26) to
block particulate marter from entering said receiver cap interior through said ports
(26).

S. A handset as claimed in claim 4, comprising a layer of acoustically
transmissive dust and moisture-impermeable material placed over the exterior-facing
surface of said pad (28).

6. A handset as claimed in claim 5 comprising an acoustically non-
distorting protective screen (31) placed over the exterior-facing side of receiver (15),

for passing sound from said receiver (15) with minimum distortion and energy loss.

7. A handset as cluimed in claim 6 wherein said receiver cap (12)



