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A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear canal, and which communicates
wirelessly with a remote processor unit, or RPU (16), that enhances audio signals and can be concealed under clothing. Sounds from the
environnment are picked up by a microphone (12) in the earpiece and sent with other information over a two-way wireless link (17) to
the RPU (16). The wireless link (17) uses microwaves for component miniatarization. Furthermore, use of radar technology to implement
the wircless link (17), with an RPU (16} interrogator and earpiece (10) transponder, reduces earpiece size and power, as no microwave
oscillator is needed in the earpiece (10). Optional secondary wireless link circuitry (19) can be vsed between the RPU (16) and a cellular
telephone system or other sources of information. Electronic voice recognition and response can control system operation.




Background Art In the prior art, a basic hearing aid w thout

renote 20 control is a self-contained earpiece conprising a
m crophone, speaker and associ-ated processor el ectronics. In such
heari ng aids, égggﬁgipiece m cr ophone converts acoustic waves into
electrical rep ations of the acoustic waves, the RITASP6/PR243
signals are anplified by the 25- earpiece processor electronics and
converted back into acoustic maves1?y1the ear pi ece speaker. A renote
control (see, e.g., U S Patent 4,918,736) that controls earpiece
anplification functions (e.g., volune) vta ne- way wirel ess link
fromthe renote control to the eé*?htﬁ% sfggﬁusgﬂnetines used in the prior
art, but the path taken by the EE%tYi IMsignals that represent the
acoustic waves (known inthe art as the "audio path") is the sane
whet her or not- a renote control is used; i.e., the audio path is from
t he m crophone to the speaker via the earpiece electronics. 35
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-2- Wrel ess hearing aids using a one-way radi o frequency

(RF) transm ssion path, conpri-sing a wireless m crophone transmtter
(not normall eggv\%r‘?; t he ear) and a wirel ess recei ver\}j‘%wé wor n
at the ear) ar known in the 5 prior art. Such deVi nly
use the "auditory assi stance device" RF bands near 73 MHz (see the
U. S. Code of Federal Regul ations, 47@&fR Ch. 1, Para. 15.237) and
have proven effective as teaching aids for heari. ng i mpai red students in
a classroomsetting. Thus, in the prior art transm ssions are sent
froma hand-held-wireless m crophongams(goﬂ Qfﬁ%‘i’ﬁ'phone | ocated in an
earpiece) to a wirel ess receiver a\ earpiece, providing a
one-way radio transmtter and receiver sy§_1;e_mfor t he audi o pat h.

The present invention uses an audio path that §-15 different fromthe
audi o path used by devices in the pH er—— — &+ .—~He-present i nvention

uses a primary two-way wrel ess I link (not a one-ya }Lglnkl as in the
prior art) between an earpi eceltworn in or at the<u3:e;_ s lear and an RPU
worn by or | ocated near the uskr..in the preseflt Zi d/entifon, audio- 20
signals fromthe epvironnent arg pick(bp by Eoghqpe:x I in the
ear pi ece (not a hapd-held m cr(ﬁmﬁe— swdsed b o w keless hearing aids
) ) . f O o x> ﬁ
in the prior art) andtra‘hsm ed |
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over the primary two-way wireless link to the RPU (instead of going to
processor electronics contained in the 25 earpiece, as in basic hearing
aids known in the prior art), where the audi o signals are enhanced
according to &4¥§ 5 er's needs before transm ssion over_the primary

W rel ess PRA4PY the ear pi ece. Signal processing is péFF%? 848 t he
RPU rat her than the earpiece to take advantage of relaxed 30 size and
power constraints. This new approach elim rgtes t he need for nost
physically | arge and power-consum ng el ectronics in the earpiece,

elimnates the need for convyentional renote controls, and provides a
vari ety of optional featur &596weg. » e commruni cati on
capability 35 via a secondary tmn!ﬂﬂnﬁé% K%Ieéé\hink) not available in the
WD 96/ 41498 PCT/ US96/ 08248

- 3- prior art. Note that the present invention also maintains
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all capabilities (e.qg.,
control) of prior art devi
t el ephone handsets (as 5
known in the
and receiver) and speaker,
enhancenent and subsequent

anbi ent environnment as required for

devi ces do not act as
with enhanced sounds f

only provide sounds from anot her
It is an object of the present |nvent |§|ﬁ{@, m

audjtory aid for hearing-i
resi dual hearing) by reno
t he earpiece and 20 pl aci
advant ages over systens zﬁ
Wi thin the earpiece. Thék

acousti c feedback reduction and

contain a m crophone,

adaptive vol une
Al t hough cordl ess and cel l ul ar
as wrel ess conmuni cati on headsets) well
radi o transcelver %ﬁ@ansnltter
such devi ces are not used for 6ARE% e i on
reproduction of audi o signals fromthe
10 Q%Q aring aid application. Such
heari ng ai ds be se they do not provide the user
ron1the us r s i di ate surroundi ngs, but
$®e of |nvention
gd a new and usef ul
npai red persons (i.e., those having certain
i ng audi o signal enhancenent functions from
ng themin an RPU. Use of an RPU provi des several
nat attenpt to place all system capabilities
RPU approach al | ows a sinple earpiece design

ces.
wel |-

conprising a mniature | 3w power w rel ess transceiver, m crophone and
speaker. Note that the speaker is also known in the hearing aid
art as a "receiverHl but the term"speaker" is used here to avoid
confusion (simlarly, thejterm"tal ker," not "speaker," is used to
describe a human produciﬂgg vocal sounds). The resulting earpiece is
extrenely small, can be h

rdden from

FIG 4! EMRPTECE TRANSPONDER
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30 viewin the ear canal if desired, and allows conplete freedom of
novenent when a primary two-way wireless link to the RPU is used.
Processing for all nmjor system capabilities, such as

anplificatio er forns of signal enhancenent, takes place in
t he RPU V\/nere“?:}g’éﬁggd 35 power constraints are rel axed, I%%VWE{”Wa
cost-effective WO 96/ 41498 '

PCT/ US96/ 08248 -4- desi gn.

Anot her object of this invention is to pré&fiide suppl ement al audi o
information (e.g. a verbal warning from the RPU that an earpiece
battery is I ow) and communicatio &m@iée&{n@m, cellul ar tel ephone and
pagi ng services) to t he- user wg’\,{%ﬁ, gea;.fmg aid system Such services
are. accessed in a manner that can be nmade inperceptible to a
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casual observer if desired. The RPU (which contains a digital signa
processor or other conputer) acts as one 10 source of information, e.qg.,

by using a synthesized voice nessage to provide the tinme of day, and
t he RPU can %héo ?e used to access a secondary wireless |link to the
gener al B, el ephone network or voice paging s {CRGIS2HE o

control of hearing aid paraneters and requests for 15 information are
acconpl i shed using pushbuttons | ocated on 6/11 the RPU (i ncluding
pushbuttons suitable for data entry in a covert manner) or voice
recognition. Many sensors and Qgggggugéylces can reside in or be
attached to the RPU by mﬁre I and can provide a
variety of 20 infornation for dif | Bat i ons (e.g., heart pulse
rate) as audio in the user's earpiece. ~ A further object of this
invention is to provide some degree of protection for the residual
hearing capability of a hearing inpaired user (or a non-inpaired user
who- wi shes 25 =<0 avoid inpairnent) in a wireless hearing aid system
having the simgfjaneous capabilities of noise cancellation and

bi naural processfng (e.g., directionality). O her ohjects of the

i nvention are t®]provide a conveni ent neans . for tgsgjng a user's
hearing capabi l§}y wi thout the need 30 for additiong # equip fo
assist users i®}he location of nispl ed hﬂ@u’.:..ﬂg,a d.sy%?en1
conponents, andgf O provide prof oundl y,deaf cochl ™ i npl dnt patients
wth a wreles system-al | owi ng i nproked,f r gedo s -qg conpar ed
to exi stiWh W re-connected systens. X
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-5- _ These and ot her objects, features and advant ages of t he
i nvention will best be understood with the aid of the foll ow ng

detail ed descpiption in conjunction with the acconpanyi ng drawi ngs. 5
Bri ef Descri ptW‘g?F"ﬂf”Dr awi ngs FIG 1is a block di & ‘&’ﬁ?‘é‘&ﬂ%‘%em
overview illustrating how an ear pi ece (conprising a m crophone, RF
transcei ver, dual -use antennal/ extractor and speaker) is worn in the
ear, 10 comunicates via a primary two-way7®F |ink with.an RPU, and

al so communi cates via an opti onal s?fondary én elyess |ink to a

t el ephone system FIG 2 iGowed ) Stragram  illustrating
a limted-feature preferred enbodi ngr\{qgt —-\hs{i fwention that 15 wuses

comrerci al off-the-shelf system el ements.
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FIG 3 is a relative spectral magnitude plot show ng t he frequency

domai n characteristics of a wireless link used in a full-featured
preferred enbodi nent of the . invention. 20 FIG 4 s asirrplified
schematic of the earpiece transponder (transmtter responder

circuitry useQ¥4M98 | strate operation of a full-fBGHYP @8348
preferred enbodi nent of the invention. FIG 5 is a waveform
timng diagramshowi ng 25 characteristics g{) a typical interrogation from
an RPU interrogator followed by a corre Ynai ng typical reply from

an earpi ece transponder. FIG 6 is_a bird s-eye view used to
describe the RF nmut ual interfeéwaego%y—\ssyémswl ng when many users
of 30 the invention are in close prog N% FIG 7 is a draw ng
showi ng the front view of a typi ca Ufor afull-featured preferred

enbodi nent of the I nvention. FIG 8 is a block diagram
showi ng details of an 35 earpiece for a full-featured preferred enbodi nent

of t-he WD 96/ 41498
PCT/ US96/ 08248 | -
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I nventi on. FIG 9 is a block diagram showi ng details of an RPU
for a full featured preferred enbodi nent of the invention. FIG 10

is a block diagram showi ng details of a 5 wreless cochlear inplant
11 is a bl ock diagram show ng details of a

system ?Jl:
wi rel ess cochMEAT%4M% ant el ectrode driver unit. Best ROWAISH603243
Carrying Qut the Invention 10 One preferred enbodiment of the
i nvention herein described is shown in block diagramformin FIG 1. In
this figure, the earpiece 10 shown worn i9%f1the ear 11 uses a
standard conpl etely-in-the-canal (ClC hou5| ng, well known in the art
al t hough many ot her earpi ece housij ﬂx\abng in the art (e.qg.
behi nd-t he-ear, or BTE) can be R_Q_Q_},.T dafpi ecem FIG 1
conpri ses a m crophone 12, RF transce| ver 13 with 9£ aﬂt?? 8
doubl es as an ear pi ece extractor 14, and- 'speaker 15. Al thoug
dual -use antenna/extractor ar 20 often
desirabl e, a separate antennajor gaatennae can b s&d in conjunction
with many differept types of parptece extyladlor’s as appropriate for a
particul ar appl |gition. .. Ante |trag r{s can bge di sgui sed as
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jewelry (e.g., earrings), or conductive filanents can be 25 permanently
inplanted in the ear cartilage to act as ant ennae using a process
simlar to ear piercing. The - . ear pi ece 10 conmunicates with a renote
processor uni ch‘ RP 16 via a primary two-way RF link 17, although
many ot her WaPess 1ink media (e.g., ultrasonic or inPCauUsmeszamy be
30 wused instead. The RPU'is typically worn under clothing (e.g.,
carried in a pocket or purse), but may al so be worn in plain sight
(e.g.., on a belt) if desired. The RPU 16 may1p/¢4 be connected (via wired
or wireless neans 18) to optional secondary wireless link circuitry
19 that allows wireless 35 conmunication between the RPU and other
sources of WD 96/ 41498

PCT/,US96/ 08248 _ Jawss C Qadensen, information
(e.g., the general subscriber tel ephoneh _ynetwgik)\ via a secondary
wirel'ess link. Note that the Sheet 10 \

FILG. J0: WERELESS COCHLEAR TMPLANT




optional secondary wireless link circuitry 19 may or may not be

contained within the RPU case 70 of FIG 7. 5 It will be apparent to

those skilled in the art that many vari ations of the system shown in
and two enbodi ments of the invention are described

FIG 1 are posgs|
dg{%ag(‘.?"?he first preferred enbodi nent is a |i nPEBUSI6HEMEI e

here in
enbodi ment, assenbl ed using commercial off-the-shelf system 10 el enent s,
aid with wirel ess

t hat denonstrates the basic features of a hearing
renote processor as wel | as conmunication /11 capability via a secondary
wireless |link. The second preferred enbodi nent is a considerably nore
conpl ex full-featured enbodi nent for general 15 appl ication.

Li m t ed- Feat ure Enbodi ment The |limted-feature hearing aid .
enbpdi nent shown in’ FIG 2 caﬂquaabdGhAQ@L@ﬂayqing | ow- cost commerci a
of f-the-shelf RF system el enents opegg&in in hgﬁ standard 20 88 MHz to
108 MHz FM (frequency nodul ation) broResEt\bav !’ | Although the system
destri bed here is nonaural, it will be clear to those skilled in the
art that a binaural (stereo) system can be constructed based on the
sanme principles as t he nonaural system Note that the earpiece 22 of
FIG 2 is 25 physically different fromthe earpiece 10 of FIG 1, but

the two earpieces are functionally simlar. An FM w rel ess m cr ophone
33-1076, is nounted on an

20 transnittgr, e.g. Radio Shack (R) nodel
FM headset 2&jrecei verf—e T Readro—Strack—R) del 12-103, to form an
ear pi ece 22 ¥ ch 3Q .s Not necessarily hidden ffomview The earpiece
Wi rel ess 2m’cror3r§ 20 transmtter is tunedtoafixedfreql{?ncy Fl
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free of Iocal _ierf?el_r_ence ‘e.gr F1=106 M, while t NGRS ?%&48
| U de

S tunedtoadlfferent frequ i e

—— F2=90 M’IBHUN o :TBe; w4983 i ncl udeSarana ‘A-- 2al,
- %ﬁgiof@d; k R), T Ui é‘\/\0 96/ 41498
PCT/US96/O8248 ;

Tl PYRYL T RYT YA LV FTI VY a\kyu\.«&?u AVl ‘deﬁlzw:LZu.ZJO
_ tuned to the earpl‘ece W rel £ess - mcrophone 20 transmtter frequency Fl
(106~MHz i n-t-hi s.-exanpl e).and ... . operating in nonaural node (see
i nstructions for WHae isReighinted is: “ Shdck (R) nodel 12-210 FM receiver regarding
details of operation), The FMreceiver 24 speakers are renoved, and a

wireis i ns al | ed hearipg aidesystempspampsisinghan easpistecyuitable for beingimezn at techekd]
oo £ eP YR e RLe U e L o (OPOTT such 22 as
shown in FIG 2, said earpiece comprising, _
5 a microphone responsive (o a first sound from the environment, present at the
input of said microphone, to provide a first electrical signal,
a first wireless transponder to provide a first wireless transmission in response to
said first electrical signal by modulating energy from a wireless interrogator,

a first wireless receiver to receive a second wireless transmission to generate 2

10 second electrical signal, said second electrical signal being an enhanced version of said.
first electrical signal, |

a speaker transducer responsive to said second electrical signal to convert said
second electrical signal into a second sound;

said processor unit comprising,

15 a second wireless receiver responsive to said first wireless transmission to provide
a third electrical signal that is a replica of said first electrical signal,

a signal processor responsive to said third electrical signal to provide a fourth
electrical signal, said fourth electrical signal being an enhanced version of said third
electrical signal, |

20 said wireless interrogator being responsive to said fourth electrical signal to
provide said second wireless transmission of said fourth electrical signal, said second
electrical signal being a replica of said fourth electrical signal. -

Iy

25 said earpiece and said processor are remote from each other by being separated

2. The hearing aid system of Claim 1 wherein

by a distance no greater than the maximum usable communication range.

3. The hearing aid system of Claim 1 wherein
said earpiece comprises a left and right earpiece, each left .
30  and right said earpiece producing a left and right said third signal, respectively,
said mgnal processor being responsive to left and right said third sxgnals to provide

left and right said fourth signals, respectively, - ' R
ThIS Sheet Has Been R
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: NR2406"
10 a direct connectlon i s provided bet ween the out pumm& gﬂ
receiver 24 and the input of a signal enhancer 26 si ganMrO%s ArM1997

Fkoge-vh si gnal enhancer Zpog@yobe, ef7aessss3 exanpl e, Jam*@RIIT? 12:34PM P?
em conduct or MSM6322 "pitch control LSI for the speech signal” which
has been conveniently packaged 15 {ipfinadibal RpYndRVE 6 +CP a¥d@sS in
theé Questech International Inc. Tr anmt?gn 2001 te epﬁf)%ad/%zl ge :
“changi ng accessory (see the instruction sheets for these devices

regarding detail r

I s connected tolt e m%ﬁlté{cﬁ‘%e RPU EW%Yér){aon%ﬁ%P?g%ﬂgga’d\{%"mﬁ‘a?@ﬂfuned
to the ear pespegtivedadset 21 recei ver frequency F2 (90 Mz VA this -
exanple). The RPU FM transmtter 27 nmay be a wi of

t he sane type used in the earpiece, but which haﬁ"ﬁ"lﬂﬂﬂﬂﬂm‘

di sconnect igng t N nkri, gogaqyge,ﬁr@%gggr and connecting*ttre 25 nsigna
enhancer 26 in its pl ring normal operation, speech signals

f r'om a ear by means fokeonveeling asoustic wavenadte clentridab signilispand abtdt':MVemng
envi r onnent ol .ar,e .pi cked UE big t he earpjece wreless m %90 élﬁ 20 and
transnitte %%Fﬂg PR @FQHSHC Jvpvesy VERingcmERRscfurt 188 2put
| evel may %newnuémﬁuaﬁgnﬂmﬁg@d%?&uﬂm ﬁgfﬁ?g WEA first wirelesé ¢ @Mﬁh&eﬁk{;{n@

epr a rom

The resulting el ectrical waveform esenting sign
near by t al IbyrmodlAMgsmterg)oﬁgmanmterrogmr.m@T switch 25 which is set to the

| ower position as WN e s enhanc 26, The
Poss" eg %rgmﬁﬂl gen SJS‘:’% ¥ ngl*&\idess

signal 35 enhdWRa8} 9% Fﬁﬁ'f‘

10  communications link into enhanced audio signals, said processing means further including
said interrogator for transmitting said enhanced audio signals back to said converting
means via said first wireless communications link, said processing means further

including a second communications link with a source other than said converting means.

15 &S Hearing aid system according to Claim 4, wherein said processing means produces

said enhanced audio signals according to a hearing impairment of a user.

6. Hearing aid system according to Claim 4, wherein said converting means includes
a microphone for converting said acoustic waves into said electrical signals, a speaker for
20  converting said electrical signals into acoustic waves, and wherein said transponder is 2

wireless transceiver.

7.  Hearing aid system according to Claim 6, wherein said converting means is
configured for insertion into a human ear canal.

8. Hearing aid system according to Claim 6, wherein said converting means is

configured as a cochlear implant. ' -
9. Hearing aid system according to Claim 4, wherein said second communications
30 link is a unidirectional link for providing text to speech translation.
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-9- that varies the pitch of a received speech si gifdfid rﬂr]nngN 1997
FRote mieti€imig of pushbut t on conProNesnd.0¢ 2419829983 he RPU Jare) BATabo£RB HeRpg
26. The speech signal's pItCh can t hen be rai sed or | owered as desi reg

to he user's h gn&,Lp G&LBhIWE £0: AL PALLeLMI ar

t al kenmmmnmllmm l[:lmr acteristics. ﬁﬁ& odi f i gg‘speééh si\éﬁal travels from
- the RPY st gnal "enHanCer 26 to the RPU FM transmtter 27, and finally to

t he ear pi ec hea et, Srd

acoustic vva g'g‘?& w\f\qgé?oel]ﬁ% vthserHa Jdu%tcﬁg&n;égﬁ]needﬁﬁm

made to the m&rxelae&au&%onax hm@mmxsg with chnaxterme ceamminicatioas nenjorks rrent s
are made using controls |l ocated at the RPU 23 (e.g., the~-volune s

adjusted for a confortable listening |evel using the RPU FM receiver

24 vol une c t rol ?r{lﬁgj %Qgh&p Q%?ﬁn??@@ﬁh glwﬂ'%em %&d"@oﬁ&’%ﬁﬂl}mmﬁbfigs

np ear pl ece 2 us S are e commerclial wre
m crophofie 2K fsanwireletelink.

12.  Hearing aid system according to Claim 4, wherein said second communications
link is a wired link.

10 13. Hearing aid system according to Claim 4, wherein said processing means is
programmed by voice commands transmitted to the processing means via said first

wireless communications link.
14.  Hearing aid system according to Claim 4, wherein said processing means further
15  includes:

means for keyed entry of coded data.

1S.  Hearing aid system according to Claim 14, wherein said coded data is morse code

data.
20
16.  Hearing aid system according to Claim 4, wherein said processing means further
includes:
" means for generating at least one of an acoustic locator tone and a visual locator
display. '
25

17.  Hearing aid system according to Claim 4, wherein said converting means further
includes:
means for generating an acoustic locator tone.

30 18 Haﬁng aid system according to Claim 4, wherein said converting means further
includes: '

e terina mfmred ﬁber optic cable
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—and headset 21 receiver designs used for t he, earpi ece

nodi fied by elimnating the unnecessary earpi ece
;.-Rmt ow@abi wee_significant sizePH@EUND.i 6rR1738953Buch i ni afs

are well known in the art, and schematics are avail abl e from Radi o
Shack (R fmmml" mu ﬂﬂﬂwns used imernhitenaeAppiidanot e BETAUSHS/08248al S
for the nodel. 33-1076 w rel ess m crophone and nodel
12- 103 headsét) ¢ A-set of fixed-val ue conponents can be 25 used to
repl ace t he chifigored as b Simudated AT Halr Which MSo serves B MeAfzFor extrRtifig saiihe
vol ume control on the earpiece headset 21 and frequency controFs on
both the earcpn¥qrting means froEsY €a¥ Xansd earpiece wrel ess m crophone 20). Any
resulting frequency drift effects in earpiece 22 conponents 30 can be

m ni m zed by pl acing tenperature-sensitive devices in a position where
t hei r tenperi8t ur didasingegid aystembyucddrding to Claim t he whenein ksidy firvhiwibeless a
relatively constant 37C (98. 6F).. Such conponents can be bonded to the
earpi ecé  comiications link gperpies a%%)frﬁﬂ@ﬁf‘icﬂé’f@h eytfiZed thermal nass. A 35
m ni ature speaker of the type commonly used in hearing aids WO
96/ 41498 PCT/ US96/ 08248

20.  Hearing aid system according to Claim 4, wherein said converting means is a

monaural earpiece.

10  21. Hearing aid system according to Claim 4, wherein said converting means includes
binaural earpieces.

22,  Hearing aid system according to Claim 4, wherein at least one of said converting
means and said processing means further includes:

15 plural antennae to accommodate transmission path losses within said wireless
communications link.

23.  Hearing aid system according to Claim 4, further comprising:
means for automatically placing said converting means into a self-contained
20  hearing aid default mode upon loss of said first wireless communications link with said

processing means.

24. Hearing aid system according to Claim 4, wherein said first wireless
communications link is a radio frequency link.

25. Hearing aid system according to Claim 4, wherein said first wireless
. communications link is an infrared link. _

26. Hearing aid system according to Claim 4, wherein said first wireless
30 communimtions Iink is an ultrasonic link.
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- 10 - can be used in place of the speaker conmertcfe

'C‘.f by Qq’é%% 997
P one-

with the earptrece—headset-. 21 and a m F%%‘?% m cropho rf
3

FROMC bt JNG) RHONE NG e Y | i
transdugerSE M i‘[ﬁl‘lﬂt@!&sl ed wi tet} tc IOe;a‘rcel ece wrel ess ?nrgro hone
~20."Both th 3 8“88?% W%n@sgwwaﬁm

" can operate fromthe sane 1. 5V battery ~and the entire earpiece 22 can
be pack Q3 a. stan ard BTE heatin ,housing if desired. Such
m ni at uri zat pﬁ nSISHThi EERSHS: gﬂ My &, | whergig gsaid f fiosh wireless ew
of a casual mﬁm&tudn@ 1mrtya9ﬁ§?o%ave tink(€- 9. If the user has long hair),
especially when mniature ferrite antennae are used. The "RPU 23 may be
hi dden from vi ew when carri ed and operated in a pocket or purse:

The RPU 23 wn J.n Fl G.,2 30|n e asa 15 qptional, feature, a

t el ephone h?ngéset %%?Qﬁﬁ%g) aﬁcé’r ?"&1 ?‘%éﬂgﬁ?ceﬁﬁ!‘%.m%%ﬁfc
nmodel KX§ T374a68loMes: cel | ul-ar handset (e g NEC nodel P120), or a

cordl ess or cellular handset with voi ce-dial i ng capability, or any of

a variety of meansdpr pryfdroung (xemgtlu hedring| it 0 pmgkama&a)ld pagrebding tieariidor
comuni catiqn_v n f ndar reless link 2 (e.g., RF or
infrared). | O?E’??IE zfé}ﬁilt%/l%g{‘?% M audio $Ignai$ held in the |

user's hand, but |nstead forms a part of the RPU 23 carried on or

| ocated near the user's body. The
29.  Hearing aid system according to Claim 4, wherein said processing means further

10  provides binaural directional noise cancellation.

30.  Hearing aid system according to Claim 4, wherein said electrical signals are coded
with an address of said converting means.

15 31. Hearing aid system according to Claim 4, wherein said converting means outputs
said acoustic waves via a bone conduction path.

32.  Hearing aid system according to Claim 4, wherein said processing means fusther
includes: _
20 an additional means for converting electrical signals into acoustic waves.

33. A hearing aid system earpiece comprising:
a microphone for converting acoustic waves into electrical signals;
a speaker for converting said electrical signals into acoustic waves subsequent to
25  remote enhancement of said electrical signals; and .
a u-ansponder for transmitting said electm:al signals via a f' rst communications
link by modulating energy from an interrogator. : )
34, Hearing aid system eampiece according to Claim 33, wherein said first
30 communications link is a wireless bidirectional communications link.

o "
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wi tch
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signal s
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handset .28 pushbuttons and ot her handset 28 control s ar 71 &%%Jb
ﬁ&e of the RPU 23, a Né)erated in the 3%’% V\d
commnl caugn Vi a-the -second WPHBREESS i nk 29 I 7 3385

25 |s"ilace i n the upper position (i.e., the alternate

it

Pp
““I”[I l uhwn i N Fl GIRIGTRAUCREE ARBRGLUYN V- Gl § NP EEn
t audio environnent) is picked up by the

earpi ece W Teless mcrophone 20, transnmitted to the RPU 23 FM

recei ver 24 353entHéahmgugdh sy:‘mem DﬁTeceva'ct:miduigStot Olaih 33, whereini sid pianspanderput

of the handset 28 (t hands m cr.ophone trans cer nmay be
( acicromaue SARTTIGE St 5

r enoved) ancf%’%‘rﬁ‘t ogf © W‘E@ to,
e.g., the general WO 96/ 41498 _
PCT/ US96/ 08248 - 11 - subscrl ber

t el ephone neénor kA hSanipgadid sfystemsignal processomcgmprising:wi rel ess 1ink 29 are
recei ved5 by the hands?.t 28, sen

10

15

20

30.

or proi:essmg acJust?c signals received as electrical signals from a remote

earpiece via a first wireless communications link into enhanced audio signals, and for

transmitting said enhanced audio signals via said first wireless communications link to
said remote earpiece; and

a second communications link for communicating with a sourcé other than said

remote earpiece.

37. A hearing aid according to Claim 36, wherein said second communications link is

a wireless link.

38. A hearing aid according to Claim 36, wherein said second communications link is
a wired link.

39.  Apparatus for wireless communication comprising:

means for converting acoustic waves into electrical signals, and for converting
said electrical signals into acoustic waves, said converting means further including a
transponder for transmitting said electrical signals via a first communications link by
modulating energy from an interrogator; and

means for processing said electrical signals received via said first wireless
communications link into processed signals, said processing means further including said
interrogator for transmitting said processed signais back to said converting means via said
first wireless communications link.

40.  Apparatus according to Claim 39, wherein said processing means further
comprises:
a second communications link for communicating with a source other than said

.. converting means.
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- the speaker out put of the handset 28 (the handset's Sms /onéﬂ&zltB
m)ved% via the DPDT switch 25 to the signal 5 enhaf% @ !ém ]gg]
Farth ArfSNE t'8F 27 "and Tinal | y ¢ oPYRE Mhr pi&deE299533 headset 2 it g

the signals acoustic waves heard by the user. Note
that t he RPLﬂ@IF}W\nI“ﬂﬂ " ﬂ [ ncI ude ferpatging- Applwanch om0 NRCt /IUN dd2+3

’ sonal tal massi's nput er, or voice operated devices 10
connect ed to the FM recei ver 24 out put and not shown in FIG 2.

RF out put poskr oAppiratusaicpording toi Claine 38, whereinplidiCorerting meas SRidnflred
transmtter 27 may be limted by FCC reguI ations to a level of -47 dBm
or -47 deci bG%“P@IPEFF\Pé theagn %)6\?39?’5‘55‘ | evel of one milliwalt - (see 47 CFR
Ch. 1, Para. 15.239, for field strength limts, and the relationship
bet ween field strength and transmtter power s discussed later with
regard to thd2f ul hppmtmraedordhigadi@nim B9) whedein & bbdvetting meanslid&olfigutednd,
which is_| ow corroared fo . the power output 20 from comerci al broadcast
radi o st ati oAS3CAS eaaﬁetpéﬁnésyrﬁem the sane band. As a result, "clear"
operating frequencies for the earpiece 22 and RPU 23 (i.e., operating
frequenci es with suitably lowinterference | evels) nust be chosen
(dependi ng 043) ocApparatusf accerding o Qhimn3%, Whemhesﬁdidanvémnaﬁnmvmbﬁxdcs a
interference ,fro comrer ci al oadcast radio statjons, and_ also to

al | ow oper at f¢FOBFO CoeTYng WJ““S‘E‘I Wves M‘Bﬂ%*ﬁ‘%"% Aignals @ spegker for

i nterferenceg, Qﬁﬁ’ gﬁg
limtations car{rt'%lﬁ'{gréfda g/l sé%"a[chﬁly"qc?g%%ﬁf%st € Sys l?a\ﬁtélldz goﬂ%elfdl tory
30 assilft aneireltsy transceiverquency bands near 73 MHz, where RF

transmtter power can be as nuch as +2.8 dBm (see 47 CFR

44.  Apparatus according to Claim 40, wherein said second communications link is a

wireless link.

15 45.  Apparatus according to Claim 39, wherein said processing means is programmed
by voice commands transmitted to the processing means via said first wireless
communications link.

46.  Apparatus according to Claim 39, wherein said processing means further includes:
. 20 means for keyed entry of coded data.

47.  Apparatus according to Claim 39, wherein said processing means further includes:
means for generating at least one of an acoustic locator tone and a visual locator

display.
25
48.  Apparatus according to Claim 39, wherein said converting means further includes:
means for generating an acoustic jocator tone. )
49.  Apparatus according to Claim 39, wherein said converting means further includes:
30 at least one of a radio frequency antenna and an infrared fiber optic cable

S —- - -~ configured asa simulated strand of hair which also serves as a means for exuacnng said

converting means from an.ear canal.
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Desirable f
FROM wiNIMi@ANGr

eatures: Many features are consi dered 35

ed preferred emboBHHENS:of §LFZRISS

T 0f 08048
g 4.36F’MP13

PCT/ US96/ 08248 | i nventi on. For

wi despr ead
- of many uni
Qccasi ona
5 as long
degradati on
mnimzed t
desi rabl e.
swab so as

5

10

15

20

30

application, it is. prefer r‘&ﬁ?’“a“"“’e‘mﬂﬁﬁ@“s‘v@{ BRALAUBBOLERS at i on
ts in close proximty W t hout nut ual I nterference.

interference fromnatural or nman-nade sources is acceptable
). suchppamtes acspetingloddain 1% wherinisaid conveitigginidansinicludes binaural

&E&?&'—' o quality. Earpiece power consunption is ., preferably
0 end battery life, and use of a rechargeabl e battery is
The earpiece is preferably smaller than the head of a cotton

to .
51.  Apparatus according to Claim 39, wherein at least one of said converting means

and said processing means further includes:
* plural antennae to accommodate transmission path losses within said wireless

communications link.

52.  Apparatus according to Claim 39, further comprising:
means for automatically placing said converting means into a self-contained
hearing aid default mode upon loss of said first wireless communrications link with said

processing means.

53. Apparatué according to Claim 39, wherein said first wireless communications link
is a radio frequency link.

54.  Apparatus according to Claim 39, wherein said first wireless communications link
is an infrared link.

55.  Apparatus according to Claim 39, wherein said first wireless communications link
is a microwave link.

56.  Apparatus according to Claim 39, wherein said processing means further includes:
means for performing an in situ hearing test to program said processing means for

processing said electrical signals into enhanced audio signals.

57.  Apparatus according to Claim 39, wherein said processing means further provides
binaural directional noise cancellation.

S8.  Apparatis according to Claim 39, wherein said electrical signals are coded with

an addr&ss of said converting means.
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) ) ~ . . Eml's q 3 -
710 be hidden fromview for the majority of users. Fl4M t%‘%z 49?
ef :

ear pi ece 10 that provides the desired CIC form fa

rearebndiceee shoul d be abl e t OPHIPEND e 6173288883 t he ear pIJal« BWIJLRBFM. 614
are separated by 0.6 neter (two feet), and greater range is desirable.
To allow lip 15 reading, total del aychitiwedmpdneaanr fvak ol vancasbirent

.- acoustic signal at the earpiece m crophone 12 and production of a
correspondi n&processed acoustic signal at t he earpi ece speaker 15 is
preferably |8%s tHearingnid systema¢dordingorCisim 3% whekdin wdid conveetingl meansonpit Ny
from 20 (bi n@ural L ocali zigt ely! r%}gom l.eft/right earpiece timng
vari ati ons ar® Wﬁ?g‘ﬁl‘(ﬁsy §sbq SR UR% PMBseconds. Note that | arger,

fixed left/right timng variations are tol erabl e. M crophones are
preferably nounted in the ear pi eces (rather than body-worn) to allow
stand- al one 8 cHepringaid system a@qocﬁng toClainh 39, whegein sait [paocessihg means foathgr
comruni cgtiog@uid 17 between the earpiece 10 and RPU 16 is di srupt ed,
and to preserve tne user's natural direction finding capabilities with

head notion whil ear edHifbray meanigifor cov ele@tbdl AR ik Adgeslid havey.i ti cal
audio path. Note that 30 auxiliary body-worn mtcrophones (e.g., in the

RPU 16) may be used to neasure background noise for the purpose of
automati cal | y, setting hearing aid paraneters. The systenis audi o
bandwi dt h (i.g%. , %‘B@gﬁﬁ‘a%‘ E‘?‘ﬁﬁfﬁ R iFR BPRESIng: t hroughout _al |
processing and aviehrisPfop cahvérh@%]amadf@o«aéé infPeledtficAGEhatd Rdofo? chitVertifig
preferably nore than 6 KHz so that,
10 said electrical signals into acoustic waves, said converting means further including means
for transmitting said electrical signals viz a first wireless communications link; and
means for processing said electrical signals received via said first wireless
communications link into processed signals, and for transmitting said processed signals
back to said converting means via said first wireless communications link, said processing
15  means supplying operating power to said converting means via said first wireless
communications link.

62.  Apparatus according o Claim 61, wherein said processing means further
comprises:
20 a second communications link for communicating with a source other than said

converting means.

63.  Apparatus according to Claim 61, wherein said converting means is an earpiece
of a hearing aid system.

64.  Apparatus according to Claim 61, wherein said converting means is a cochlear
implant system.
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- 13 - "all essential speech information |s pr eser M8 H g(
Fromof MAMIG dMC ati on index in " RePHINENGe DELEPFHSRadi o e "H' nigt %Pl
eval uate the consequences of using | ess than a KHz bandw dt h.
Choice of wireless nmedium A w de vaPFERHOH ”\Bpf‘b'*“é’é@“’ r“h@&?%?”d%"be
used in this invention, e.g., RF, optical ~(including i nfrared),
acoustic ves (|nc%ud|nq ul trasonic), .induction | oop and
capaci tive Qupl iMRparays fof wirless sog)mynication w@ﬁ@“&-ny of these forms of

b e o0 M0 aooniEing 2ot Slhveihe/Eobu Ry aldhe drid 32335 nd Bor Ebekring

here (e.g., acousto-magneto resonance
i npl enent at i said edctticad signals it acowstiavaves, said mehmduﬁahﬁ turther idchajingimaans

capacitive upling wrel cOo ni cat. on technol ogies, are typically
more sui tedcff?’f)?mm sfaé‘f gy sig V‘F\ﬁoﬁ%y"m@ picgiipns, finks S t hese
techni qugs are mmﬂ?tfog'piﬁé:iﬁﬁgo{i.lw ntg%?f“ al {gﬁ&grﬁeﬁ%& Qid Eﬁdpr?s%e&)&exess

description of the preferred e arly, optical
communications link into processed signals, and for transmitting said processed signals

back to said converting means via said first wireless communications link, said processing
means further including a second communications link for communicating with a source
other than said converting means. )
§". 10 |
: 66.  Apparatus for wireless communication comprising:
means for converting acoustic waves into electrical signals, and for converting
said electrical signals into acoustic waves, said converting means further including means
for transmitting said electrical signals via a first wireless communications link; and
1§ means for processing said electrical signals received via said first wireless
communications link into processed signals, and for transmitting said processed signals
back to said converting means via said first wireless communications link; and
means for receiving an audio command for programming said processing means

via said first wireless communications link.
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| and acoustic -méve approaches are not consi dered furthms 9 60/@18248
difficulties involved in providing a system which 20 fec% !é N ﬁg"{
8

“RapendmMiatiecel ot hing. An RF appiNganh F $51732938%erefore t
detailed for the full-featured preferred enbodi nent, one RF
approach has al ready been descri bagetgsuysay nnm«e-dmﬁe‘at uﬂeuem)@:du)mt.
Choi ce of radio frequency: Operating frequencies in 25 the 900 MHiz to 6
GHz range have |ong been used for- el ectronic article surveillance
(EAS) anti-tféft Jpemateod of 1mamlmudmmmUMDmmmd@n(lgﬂnpmM ihidivddaials

Packard " nponents Catal og" for a description of
such systemcﬁg&ﬁﬁq@égtggﬁ ?i{;gd conmponents). EAS technol ogy 30" has a

proven ability tomgrﬁawimhmagamwﬁqm son ﬁﬂﬂ?@ €ss
communi cation, Iink. Operation of the fu featﬁered preféerred errbo I ment
of the invensigBalhwithin this frequency range is desirable due to the
avallablllty apent s ot her s tems a sinple
35 approach to R%Iodhﬁﬁfn%%ﬁ@%&ih %VIE?PB\?F@S gdﬁ%‘éetdo? VO
96/ 41498 transponding the modulated carrier baclkfolthe's@R6@R%édRe of said signat and

procéssing said modulated carrier to produce an enhanced audio signal for
transmission to a transducer at the hearing impaired’s ear.

10 68. The method of improving audio communication with hearing impaired individuals
according to Claim 67 which further includes separate channels for each ear.

69.  The method of improving audio communication with hearing impaired individuals
according to Claim 67 wherein said carrier is selected from the frequency range between
1S 300 megahertz and 300 gigahertz.

70.  The method of improving audio communication with hearing impaired individuals
according to Claim 67 wherein said carrier is infrared.

20 71. The method of improving audio communication with hearing impéired individuals
according to Claim 67 which further includes the step of receiving an audio transmission
from a remote source for processing with said enhanced/aidiq signal for transmission to
a transducer at the hearing impaired’s ear. aud; o
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‘/V\:hl ch i ane- quarter of t he wavel engt h atRﬁﬁLﬁCEMEEN HEET

frequency (see t'he’ di scussi®@n . of ant.sq,arla fundanental s in : g
Handhook- for ‘the: ‘Radi o -Amateur"..for a description of thd Ia Bn ol

ant énna) . - Si nceiaiquarit:er: wavel.

_.gth antenna 5 at 6 GHz is1:27 cm

(one-hal f; inch) long, an antenna at  thi asily be
di sqgui sed as:an earhair..ang can also sﬂ' mmpml'ﬂ@nm aid earpiece

extractor’ alth ugh r |s not. _required t
act as an eéylwaé g '64)

na or antennae
Bhe dr sgur sed as an ear hair). Note 10 that

frequenci es al guingt @Ry ﬁv@%ﬂfpﬁ‘&dgead@a@ﬁeé@sxﬂtableaﬁr bemop'&rgr\ﬁ AUBt YeESET | bed

for the |imtedfeature enbodi nment ), but conponents an

ant ennae

generalahgsetbemdraepﬂoaﬁge!rumt Simlarly, frequencies higher than 6 GHz can

al so be used

readily 15 Sﬁgaﬁaﬂ‘a’g‘fre ¢

resent invention but conponents are not as
°”ﬁ‘f£"‘?§ange of frequencies near 6 Gz is therefore

chosen for tahﬁxc&rgt@ﬁ@tm@eﬁﬁw B & PsiQbuhd) BroRl Se@hyREnment, p TR {ppdpie O

the fact that 6

| owest frequency for whi ch t he ant enna

| engt h of sait micsephenasta pravide a firsptlearicglsigrdl, extractor or ear harr and
m ni ature 20 ~conponents fhat o erat in the, |c nrty of,

readily avai? BBFevireless Teflecav gf e prea ’I’ﬁe‘lﬁét"’f#‘b‘gﬁsvmq‘%"%é? pi ece
and RPWecnonse doSsaf F&s@ rc?cb#rYa 2] Bighaing m%e&ﬁaﬁaghébgy 8 @rfrexéés@&ﬂ&m;&or

|IIustra? t hat

ne-of -si gt pdth 1s pos assune
a first wn-elcas receiver 10 receive a second wireless transmission to generate a second

electrical signal, said second electrical signal being an enhanced version of said first electrical
signal,

a speaker transducer responsive 10 said second electrical signal to convert said second
electrical signal into a second sound;

said processor unit comprising,

a second wireless receiver responsive to said first wireless ransmission 10 provide a
third electrical signal that is a replica of said first electrical signal,

a signal processor responsive to said third clectrical signal to provide a fourth
electrical signal, said fourth electrical signal being an enhanced version of said third electrical
signal,

said wireless imerrogator being responsive to said fourth electrical signpal to provide
said second wireless transmission of said fourth electrical signal, said second electrical signal
being 2 replica of said fourth electrical signal.

2.  Apparatus for wircless communication comprising:

means for convering acoustic waves into electrical signals, and for converting said
electrical signals imto acoustic waves, said converting means further including reflective
transponder means for wansmiting said elecirical signals via a first wireless communications .
link; and

means for processing sald clectrical signals received via sald fost wircless

communications Link into processed signals, and for wransmiltiing said processed signals back

to said converting means via said first wircless communications link, ..

is Sheet Has Been Replaced L
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.25 "the T e 'éa?d the user's navel. A t RERIACEMEN SH
haV| ng O. length wegen. fully. ext end d c 0. then
IO

ET

used to tratethat a direct |ine-of exi sts
bet ween t he RPU and both earpi eces for all head and body p03|t|ons by
pl aci ng one end of the poi nter at the navel and the other end at the
entr al noves. round the’ ' poi nter changes
| ength buﬁgg‘%\ﬂé? g%’ﬁ%? ﬁﬂ’ﬁnﬁé 8?"5 m“‘lqsamﬁﬂﬁem%mmh@wnu and
ear pi6fd pemtdunRations’ ik for smﬂtﬁ@bﬁﬁb&ﬂixﬂﬂmﬁ Sauidukéégo Pﬁhﬁ tion of
a layer of 35 <clothing in the |ine-of-si gh?%atﬁ g., over ﬁghRPU) IS
WO OE9RYVERiNg means. - PCT/ U896/ 08248

- 15 - mninmal, and RF signals at 6 GHz are al so capabl e of
penetrating thin |layers of body tissue. Specifically, the skin depth,

defiaed agppirandertrddig whimhof e freosingafiaiis 2 or 3, wherein said reflective

transponder means transmits said electrical sigpals by modulating enersy from an
interrogator, and wherein said processing means further includes an interrogator for
transmitting said processed signals back to said converting means. )
5. Apparatus accordiug iv any of the preceding Claims 2-4, further including:

means for receiving an audio command for voice activated programming said
processing means via said first wircless communications link.

6. Apparatus according to any of the preceding Claims 2-5, wherein said processing
means processes said electrical signals, received via said first wireless communicarions link

into enhanced audio signals of a hearing aid systera for transmission back to said converting
means.

7. Apparams according 10 any of the preceding Claims 3-6, wherein said second
communications link is a bidirecrional link for interfacing with an external communications
network.

8. Apparatus accordiog to any of the preceding Claims 2-7, wherein said processing
means is programmed by voice commands transmined to the processing means via said first
wireless communicavions link.

9. Apparatus according ¢ any of the preceding Claims 2-8, wherein said converting
means further includes:

at Jeast ope of a radio frequency antenna and an infrared fiber opric cable configured
as a simulated strand of hair which alsp serves as a means for extracting said converting

means from an ear canal.

10.  Apparatus according to any of the preceding Claims 2-9, wherein qzud first wireless
cornmunications link operates ar 2 frequency of at least 5 GHz
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GHz (see ncy Radi ati on Dosi et r"y D I C
ADA 180678 for details). Thus, although the human body ef ectlvel y

bl oc na and e, .en / i s absorbed at 10
t he :]al n s‘tﬁ?&%’@s ‘fﬁﬁ’@?@ F%WG%hg 8%%%&31%3?}@ 1p gkicast one ofsaidi vel y
thi n@ﬁﬁ@:ﬁﬁ@'m% aﬁ@"séxh'a’%gééssmgmeansﬁxrﬂ'fér%cﬁmce path loss: Even under the
assunption fhat It ne- of “si ght path exists between the earpiece and

RPU, lueeh sanieriae nwpemrnrno@sestmfsn'ﬁss@nz paRh tosgesadthin esaigliiwieeldss hi gh. -
The free s C‘fﬁgﬁﬁtnp | oss, in dB, can be expressed as 96. 58 +
20[IO¢§F‘:3 &9 Tes X frequency in GHz)] or 92.45 + 20[l og(range in
kilometers x frequency in GHz)]. See the di scussi on of space

conmmuni cation path |osses in "Reference Data for Radi o Engi neers" for
deri vid.i ondpparamp peasitingite HBE ofvhe pwedmg thmsf?:-éla. fptheecomptisibpss at 6 GHz

Py AT 9B s gor alomebait piabing S Colbatheptars itgba i-Ghutir Reagiol . .
si gn%d%emodé‘ﬁﬁoxfﬂ‘lo%t gf‘@ixdvﬁ}'f;'cau*&&'is aoxaﬂ&grcggé‘:&% Qu said ia@s‘i r& that

of another signal has only 1% t he powe her )

GHz singarsl received at a range of 9 m (30 ft) has onIy-=£L% of the povver
of a signal received at a range of 0.9 m(3 ft) when isotropic

(omi -directional) antennae are used at the transmtter and receivers.
I n mapy | 29SESCREEs VAl GRHBRe ;&Sﬁmg

directi Onaf\pﬁ%‘%%ug%%oerﬁﬁhho Gl prof\%‘l & lgﬁldl t onéﬁ'1 éssi%hgﬂéﬂxf?fgnhcr 1y
+28 dﬁoﬁmﬂesebmahrairdmmmalmisbcmmuammnna at the transm ssion end and

another at the reception end of a

14. A hearing aid system earpiece comprising:

2 microphone for converting acoustic waves into electrical signals;

a2 speaker for converting said electrical signals into acoustic waves subsequent to
remote enhancement of said electrical signals; and

a reflective transponder for transmitting said electrical signals via a first

communications link by modulating energy from an intcrrogator.

15. A hearing aid sysiem signal processor comprising:

means for processing acoustic signals received as electrical signals from a remote -
earpiece reflective wensponder via a first wireless communications link into enhanced audio
signels, and for transmitting said enhanced aundio signals via sald first wireless
communicanions liak 10 szié remote earpiece; and

a second communications link for simultaneous communicating with a source other

than saié remote earpiece.

16.  Apparatus for wircless cormrnunication comprising:

means for converding acousts waves into electrical signals, and for converting said
electrical signals into acoustic waves, said converting means further including means for
transminting said electrica! signals via a first wireless communications link: and

means for processing said electrical signals received via said first wireless

commum'“atxons link into processed signals, and for transmitting said processed signals back
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~ i nk sagﬁébtmtaeenRﬁ a¢qte prese i nvent i onTRM
Iarge h| gh re"unacceg abl e. echni EM%@@
ant ennae toz ssion V\D 96/4149
PCT/ US96/ 08 - 16- path | osses are
appl i cabl e to the present invention, especi al | y i n the.RPU, and many
sche RoRGSRhE feané mj
h T o % Y0 saig oSt s oot a varl ous or i en{EPé&ons gﬁ:e RPU,

whi ch 't ree tennae are positioned
5 andupplyingopeestingepawty thsaidsexverting eutiane iz said Sirm avisdes lcammumcaubas:t ed by

SW tcE. 02 (under the control of digital signal processor DSP 948 via
contr signal 966), while antenna 960 i s deselected by switch 962
(under the control of DSP 948 via control signal 964) and antenna 970

i s deselected 10 by switch 904 (under the control of DSP 948 via control
17. A method of improving audio communicadon with hearing impaired individuals

comprising the steps of:

illuminating an area in 4 vicinity of an ear of & hearing
impaired person with a preselecied carrier signal from a remote source,

modularing said preselected carrier signal with environmental sound ?rr.scnt in said
vicinity to produce a modulated carrier,

transponding said modulated carrier back o said remote source of said preselected
carrier sigpal, and

processing s2id modulated carrier to produce an enhanced audio signal for
transmaission 1o a transducer locared in said vicinity.

18.  Apparams according to any of the preceding claims 2-13, wherein said
converting means is configured as a cochlear implant.

L
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“Si ghal 968) The RF swgches 902 904 and 962 may be - fabricated, for

exanpl e; ESI ng PI'N ‘di odes: gl “"known 'i.§6-t he art. The ant cREPRAGEMENT SBEET
process; Known 'ih thelar . as Feie A d| versity swtching; " is-auto Le}cmg éap
controlled by 1t e 155 PSP 194 and it he pel ds est
i nk o erelfabi | itiystasitndicat ed by thezm ﬂ !H ml!l mlrors, -
descri bpd later) is selected by the DSP 9484 Olc M * t echni ques
wel | knbwn Whattiselzimed s g:;e{rﬁat ectronically st eered phased arrays can
al so he us b erati many
frequgncy g’hﬁaim?% alﬁ‘o%’é% cr ’”‘7‘8%%8\%@1?‘% Cfég%gzn00\90nxrgcf3prh§ ofs are

- et A ke NS Prdeaiiér Hnitght | y bel ow 6 , the 5725 to 5875 MHz | SM
(industrial, scientific-and medi cal ) band is used here to illustrate.

t he operat |sm1d exfrpiete comprlsmgl | - featured pr eferred errbodi nment .

Non- Ilcensed . {% erati | on in this Qgﬁ@df e‘ﬁ ver.ned in the Uni tnﬁd St at es
by AGRITERhONE TeppUnSive 18 BolgT s SYREFC PRETYRRIN o REESHRAL the dnpgiy)
depen@reﬂdttﬂmgmchfdvme i‘fﬂ*ﬁ'e@&tﬁ&ﬁsigﬁ&?nt'on i s used. For the

present discussion y the constraints i mposed on operation by

the United fBtawgslessaciecaive mnwommﬂpmmdcomsmmesssammmssmn in

considered. In t MHz | SM band,. the average field
ct ongrRoBie {0 Brst LA sigah by (OB ARE T I BB RS AR ORARR
i sotropic ,f ty afls@tReivet tbeme. es skdbnalirSeds S rAXRER DR g@ﬁ%r;a ﬁéceﬁdt he

35 square 0 e product of field strength in V/net
~ electrical signal said second clectncal s' ignal being an enhanced version of said first elecirical
signal, | ' -

a speaker transducer responsive 10 said second electrical signal to convert said second
electrical signal into a second sound; |

said processor unit comprising, |

a second wireless receiver responsive t0 said first wireless ransmission 1o provide 2
third electrical signal that is a replica of said first electrical signal, |

a signal processor responsive to said third clectrical signal to provide a fourth
electrical signal, said fourth electrical signal being an enhanced version of said third electrical
signal,

said wireless interrogator being responsive 1o said fourth electrical signal to provide
said second wireless transmission of said fourth electrical signal, said second electrical signal
being a replica of said fourth electrical signal.

2. Apparatus for wircless communication comprising:

means for converting acoustic waves into elecwical signals, and for converting said
electrical signals into acoustic waves, Said converting means further including reflective
transponder mearns for wansmiting said elecirical signals via a first wircless communications .
link; and |

means for processing said clectcal signals received via said, first wireless
communications {ink into processec signals, and for transmitiing said processed signals back

to said converting means via said first wirsless communications Jink.
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- 17 - ers. See t§r section on antennas, REPLACEMENT SHEET

especially with regard to field strength and radi ated power f
antennas in free space, in "Reference Data for Radio - Engi neeré%‘rmg@ 2001

vel | 3as Ad¥RPRIFUD Acqomding NarCGhimdX. ﬁhcrﬁagﬂcﬁprbefﬁirxgﬂﬁcﬁfsoﬁ?ﬁiﬂf Sclhqs f£ederal

or the stated range of

Radi 9. Freq N n ment" for derivatjons. |
tr egeon8 v carond AT Sl et FomapRAtR it 2 souras,othary Siacamat

| i M tomver@ng/ meddy.(-1. 25 dBm). A peak field strength val ue 20 dB (a
factor of 10) higher is allowed (500 nvV/neter), 10 which leads to a peak
power limt of 75 nW (+18.75 dBn). O her restrictions also apply, but

t hesg restrictions_ar nmet by standard design practices (see 47

L easi.l ) d pra
CFR Part PP &eQpling wg,any Qf oHe PecadingLoptmec 9y 3, wherein saidmsflecniveal
I nt ephRGBAGSE 18 Caansmité 41N e: gyl.atl over ngng operation
of devi ggs I n t'%lgl SM t%]nd Stam)uﬁg%ﬁm% g%%éfl {’ft Hﬂéhfﬁﬁis sy oﬁ?ﬁb to
r el airiteredgetoovand whezeiel s3ids provessing tnazhoarther Rnetidedr Bn LARTdRERR' for
equi .s unlikely to interfere. Interference from other nearby

garre nt, . I, 3 Sy ! A
nsmitting said processed signals back to said converting means.

5. Apparatus according {0 any of the preceding Claims 2-4, further including:
means for receiving an audic command for voice acrivated . programming said
processing means via said first wireless communications link.

6. Apparatus according to any of the preceding Claims 2-5, wherein said processing
. means processes said electrical signals, received via said first wircless communicarions link

into enhanced audio signals of a hearing aid system for ransmission back 1o said converting

means.

7. Apparatus according 1o any of the preceding Claims 3-6, wherein said second
communications link is a bidirectional link for interfacing with an external communications
network.

8. Apparatus according to any of the preceding Claims 2-7, wherein said processing
means is programmed by voice commands transmitied 10 the processing means via said first

wireless communications link.

9. Apparatus according to any of the preceding Claims 2-8, wherein said converting
means further includes:

at jeast one of a radio frequency antenna and an infrared fiber oplic cable configured
as a simulated strand of hair which also serves as a means for extracung said converting

means from an ear canal.

10.  Apparatws according to any of the preceding Claims 2-9, wherein said first wireless

communicarions link operates at 2 frequency of at least 5 GHz.
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WD 96/ 41498
aid default mode upon loss of said first wireless communications link with said processing

means. : ' H

13.  Apparatus accordxnz 10 any of Claims 2-11, wherein said processing means further

provides binaura! directional noise cancellation.

14. A hearing aid system earpiece comprising:

2 microphone for converting acoustic waves into electrical signals;

a speaker for converting said electrical signals into acoustic waves subsequent to
remote enhancement of said electrical signals; and

a reflective transponder for wransmiuing said electrical signals via a first

communications link by modulating energy from an intcrrogator.

15. A hearing aid system signal processor comprising:

means for processing acoustic signals received as electrical signals from 2 remote -
earpiece reflective oansponder via a first wireless communications link into enhanced audio
signals, and for tansmitting said enhanced audic signals via said first wireless
communicarions link to sz2id remote earpiece; and

a second communications link for simult2neous communicating with a source other

than sai¢ remote earpiece.

16.  Apparatus for wircless corunugication comprising:

means for converting acoustc waves into electrical signals, and for converting said
electrical signals into acoustic waves, said converting means further including means for
transmitting said electrical signals via a first wireless communications link: and

means for processing sz2id electrical signals received via said first wireless

communications lick into processed signals, and for transmitting said processed signals back
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- 18- i s, at -the present tinme, the | SM band near 6
GHz is aHﬂhI’cHﬂaiiﬁmL!ﬁ@E for operat.sgn of this non | |icepsed
equi prent’ .3 e L TN tem operation: Know edge of the art ERI:A&&M@NI&&EEI
design, especially the Mbde S air traffic control secondary £ 89AUG 2001
system (see "U. S. National Aviation Standard for the * Mobde Sel ect Beacon
Syst em saip permtining meandOib 2RIt ddreless cofidmichfions linls, Al prodedsthg means
understanding the full-featured . embodi ment of the invention. In the
Mbde SIBRI¥INE OREFALISRPWEE GA1SAIG) CODYSTAg, maang iy Fid Histewireless pommunications i n
t he a{- as an interrogator transmts a signal known in the art as
an interrogation to individually query devices known in the art as
transponders (transmitter responders) that are carried by aircraft.
Recei gt of a .properly addressed 15 interrogation by a transponder (i.e.,
Gr esé mpathod of Improying Judie COBERNNICANORLV IR hepBENE rimPpsiret dodividyals er nal
address) ... LSl .a signal known in the art as a reply, which is
iprising 4 bt

trans 1ransponder and received by reply . processing

circuitry ﬁlurﬁiihﬁtih?faﬁrat&gmwmciﬁtytbﬁmmhw@ therefore a
speci alized type of transceiver which only transmts (responds) after

succ eBrgaitedypearsae Mithgpaselecied CaEisr SigRbiTem ATHROIBFANKENn. | n the hearing

ai d syst em_shown. o | e.RP nt ai ns, , anpng-ot her._ .
circuitry, uﬁntmg ﬁafﬁ 8&?@8&%%&1 tsé%agﬁ%gr %&I‘V%#Bﬁégﬁﬁsﬁéﬁpéa}dor t he
25 diefifyal rodafkla mesRPikd fartler di gi tal m crowave signals. Note

transponding said modulated carrier back 1o said remote source of said preselected

carrier sigpal, and
processing  s2id modulated carrier to produce an enhanced audio signal for

transmission to a transducer located in said vicinity.

18. - Appararus according to any of the preceding claims 2-13, wherein said
converting means is configured as a cochlear implant.



t hat al t hough anal og nodul ati on techni ques well known in the art

(e.g., frequency nodul ation as used in the limted-feature enbodi nent)
could al so be used in a full-featured enbodinent, only digital
techniques are 30 detail ed here. Each earpiece 10 contalns a
transponder (WO@®6/41498 transceiver "13 in this exanple) that PGHHBEAUE 4
reply in response to a correctly addressed interrogation.
Interrogations fromthe RPU 16 interrogator to the earpiece 10
transponder 13 over the primary RF link 17 consist of a .35 synchroni zi ng
pul se, left/right (L/R) selection bit, WD 96/ 41498

PCT/ US96/ 08248 -1- - 19 - t ransponder

address, audio data fromthe RPU 16 to the earolece 10, an auxiliary
bit (described later in EE d 8 9SS0

interval. Replies from t he earp|egégcﬁM%tlbhansponder 13 to the RPU
16 \reply Technical Field
* The present invention is directed to hearing aids, and
5 in particular to a hearing aid having an earpiece housing
worn in or at the ear and a remote processor unit (RPU)
worn by or located near the user that wirelessly receives
signals from and transmits signals to the earpiece. The
present invention is also directed to the use of hearing
10 aid systems as wireless commurniication devices for
hands-free cellular telephone and mobile radio
communication "handsets,™ covert operation and control of
hearing aids, hearing protection and noise cancellation
simultaneous with binaural hearing aid functions, hearing
15 test equipment, location of misplaced hearing aid system
components and wireless cochlear implants.

Background Art
In the prior art, a basic hearing aid without remote
20 control is a self-contained earpiece comprising a
microphone, speaker and associated processor electronics.
In such’ hearing aids, the earpiece microphone converts
acoustic waves into electrical representations of the
acoustic waves, the electrical signals are amplified by the

25 earpiece processor electronics and converted back into
acoustic waves by the earpiece speaker. A remote control
(see, e.g., U.S. Patent 4,918,736) that controls earpiece
amplification functions (e.g., volume) via a one-way
wireless link from the remote control to the earpiece is

30 sometimes used in the prior art, but the path taken by the
electrical signals that represent the acoustic waves (known
in the art as the "audio path") is the same whether or not

" a remote control is used; i.e., the audio path is from the
microphone to the speaker via the earpiece electronics.

35



5 processor contain a synchronizing pul se, audio data from t he
earpiece 10 to the RPU 16, an auxiliary bit and a parity bi ST
t echni que descri bed here, no . i nterrogator address is needed, the
transponder gener ates replies by nodul ati ng the unnodul ated carrier
fromthe 10 WneeMid88gat or, and no microwave (6 GHz) oscPCTASHHORAS
anplifier is required in the earpiece 10 transponder 13. Al t hough it .
is physically possible to use a m crowave oscillator or anplifier in
t he earpiece 10 transponder 13, and there may be sone advantage to -
doing so in certain 15 instances, the full-featured preferred enbodi nent
descri bed here avoi ds pl acing such -devi-ces in the earpiece 10 to
mnimze size and power consunption. Note that the limted-feature
enbodi ment of FI G Wingdessobeatirg aislsanding a ams-whiyeradio firesjueacyi ece 2

wireless m CrOwet@&ﬁ&%s%QnRgﬁﬁﬁseEoﬁﬂsméih OQEwﬁPé’iésCsatﬂrﬁFo ionyERy be-

desirable to use

t t h t I
such appl! |E5ﬂ%t®e§aéﬁ°gwmuégrﬁéﬁ?hmgu¢l aegﬁ I%n ac £ qé%sé "

addr essabl e t reecpoveier(inemedly worn et RRE eanit ereakell kmmcmrt rshe The
communi cat gon grpena,_RPUs duent hggvpeégorg@nqn

comuni cat i on %gt ween pi ec rugeggghéamea y &
| nterrogati on aRg* ‘T"é‘?ﬂ‘iﬁ Arépgﬁén%?rﬁ?ﬁﬁg (i#g?‘r (see ?éer%e

bet ween t he ModE FBedgrabnRegalatiieonsyl 147 ebERrr@hi 1, mzﬁ.erlfecﬁk'nboahdrent 0
the hearing ai ﬂa§¥5§f69ér§ ekhecéﬂre %Begém:ganwageesy el by

system uses a cené g quenc erro atrons and 109
MHz for r §ppAeRts i ahE ?'?'ﬁf"&} Fet 8895 7P 1 r 855t i %h
and 5820 WAz f transpissionsarshsent ifiromhe haidiheld wmlterssl mlcrophOne

{not a microphcne located in an earpiece) to a wireless
receiver in or near an earpiece, providing a one-way radio
transmitter and receiver system for the audio path.
The present invention uses an audio path that is
15 different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless
link (not a one-way link as in the prior art) between an
earpiece worn in or at the user's ear and an RPU worn by or
located near the user. In the present invention, audio
signals from the environment are picked up by a microphone
in the earpiece {not a hand-held microphone as used by
wireless hearing aids in the prior art) and transmitted
over the primary two-way wireless link to the RPU (instead
of going to processor electronics contained in the
25 earpiece, as in basic hearing aids known in the prior art),
where the audic signals are enhanced according to the
user's needs before transmission over the primary wireless
link to the earpiece. Signal processing is performed in the
RPU rather than the earpiece to take advantage of relaxed
30 size and power constraints. This new approach eliminates
the need for most physically large and power-consuming
electronics in the earpiece, eliminates the need for
conventional remote controls, and provides a variety of
optional features (e.g., telephone communication capability
35 wvia a secondary two-way wireless link) not available in the

20



magni tude plot of FIG 3. In both the typical hearing aid 35 and Mdde S
systens, however, the internediate frequency WO 96/ 41498
PCT/ US96/ 08248 ' - 20 - (IF) is 60 M1z

(the differengﬁggﬁhﬂgen the interrogation and reply cen}e* ddsRsE4eNCI es)
dlly '

to all ow use ahdard m ni ature conponents. Anot her erence is
that Mode S replies use PPM (pul se position nodulation) at a 1 MHz data
5 rate resulting in a 2.6 MHz 3 dB bandwi dth and 14 MHz 20 dB

bandwi dt h, while the hearing aid interrogations use PPM (to simplify

t he earpiece transponder RF design) at a VHz data rate resulting in a
13 MHz 3 dB bandwi dth and 70 Mz 20" UB bandwidth as shown in FIG

Sianal | barki O re-t oA SHaE HieChFaeft [jnyitihn s Bingiins oS
: all capabilities (e.g., acoustic ack reduction and
adaptive volume control) of prior art devices.

v . Although cordless and cellular telephone handsets (as

5 well as wireless communication headsets) well known in the
art contain a microphone, radio transceiver (transmitter
and receiver) and speaker, such devices are not used for
the reception, enhancement and subsequent reproduction of
audio signals from the ambient environment as required for

10 a hearing aid application. Such devices do not act as
hearing aids because they do not provide the user with
enhanced sounds from the user's immediate surroundings, but
only provide sounds from another user.

15 Disclosure of Invention
It is an object of the present invention to provide a
new and useful auditory aid for hearing-impaired persons
(i.e., those having certain residual hearing) by removing
audio signal enhancement functions from the earpiece and
20 placing them in an RPU. Use of an RPU provides several
advantages over systems that attempt to place all system
capabilities within the earpiece. The RPU approach allows
a simple earpiece design comprising a miniature low-power
wireless transceiver, microphone and speaker. Note that the
25 speaker is also known in the hearing aid art as a
"receiver," but the term "speaker"” is used here to avoid
confusion (similarly, the term "talker," not "speaker,” is
used to describe a human producing vocal sounds). The
resulting earpiece is extremely small, can be hidden from
30 view in the ear canal if desired, and allows complete
freedom of movement when a primary two-way wireless link to
the RPU . is used. Processing for all major system
capabilities, such as amplification and other forms of
signal enhancement, takes place in the RPU where size and
35 power constraints are relaxed, leading to a cost-effective




t hese bandw dt hs may cause signal waveform degradati on, mhlle use of
greater bandw dths increases the |ikelihood of degr adat+ cdre—t-o—TTot

and interference. Mode S 15 interrogations use DPSK (di fferential phase -
shi ft" keyi ng) at a 4 MXz data rate resulting in an 8 MXz 6 dB :
bandw dth WO %@t#980 MHz 19 dB bandwi dth, whil e the heari HGI/ES084P| | es
use DPSK (for superior noise imunity at | ow power |evels) at a 20
data rate resulting in a 40 MHz 6 dB bandw dth 20 and 100 MHz 19 dB
bandwi dth as shown in FIG 3. Note that during the earpiece
transponder reply, the RPU interrogator transmts an unnodul at ed :
carrier pulse at 5760 MHz whi ch, dug to its narrow bandw dt h, does no

interfere with the reply signal information contained in the 5770 MXz
to 5870 25 Mdesli@ndB si gnal bandw dth. O her nodul ati on techni ques

g:cgm ; requency Ishmhbtis@yl rwgmiwl @fﬁiﬁ%ﬂduli‘%w'éﬁﬁ%hnsi@a%o mprov%et he
descri bed heré”‘*@&é’ ggﬁrﬁ‘f%‘r :}nffﬁﬂnaf‘é%uL &g- 2 ver}B?%f"éar %e%ﬁS{‘h nent
descri ption ortheh®BFathat odn viabpieceabdatBery issépwiheahd hcarimudeoatdanat i on

and_compongnt A kLY., celluiSTkbREblione YhcPpabRhGSservRAUT Lol eVel S
interr ogat I on uen R

quenci es I nt er qedi at e
frequenci es the B’F‘Frer {“'ﬁaﬁi’f’h&? rg&écﬁlgeél’ﬁgﬁ’é C%WB ASTYLGESUSEE. -
Ear pi ece transpegrisedrinciar awnney $hapl caneble suadernimper@Ptibled toper at | on:! g
A sinplified seiual | ebdFvdy PLealdeR3rBUSCohe RPU (which contains a

digital signal processor or other computer) acts as one

10 source of information, e.g., by using a synthesized voice
message to provide the time of day, and the RPU can alsc be
used to access a secondary wireless link to the general
subscriber telephone network or voice paging services. User
control of hearing aid parameters and requests for

15

information are accomplished using pushbuttons located on

the RPU (including pushbuttons suitable for data entry in

a covert manner) or voice recognition. Many sensors and

peripheral devices can reside in or be attached to the RPU

by wired or wireless means, and can provide a variety of

20 information for different applications (e.g., heart pulse
rate) as auvdio in the user's earpiece.

A further object of this invention is to provide some

degree of protection for the residual hearing capability of

a hearing impaired user {or a non-impaired user who wishes

25 to avoid impairment) in a wireless hearing aid system

having the simultaneous capabilities of noise cancellation

and binaural processing {e.g., directionality). Other

objects of the invention are to provide a convenient means

for testing a user's hearing capability without the need

30 for additional equipment, to assist users in the location

of misplaced hearing aid system components, and to provide

profoundly deaf cochlear implant patients with a wireless

system allowing improved freedom of movement compared to
existing wire-connected systems.
35
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- 21 - transponder RF circuitry is showmn in FIG 4. The function

of the circuitry in FIG 4 is shown in the overall earpiece bl ock

di agram of FIG 8 as RF denodul at or and nodul at or 805.gékhF9 Dest Ne
function of HOWMBUI ator and nodul ator 5 805 can be i npl déﬂum

other circuits well known in the art, only the circuit of FIG 4 is
used here for expl anat ory purposes. For sinplicity, inpedance

transf or ner mat chi ng sections are not shown (see "The ARRL Handbook for
the Radio Amateur” for a discussion of quarter-wave 10 transforners), and
such transforners do not occupy - éignificant vol unme. A single
guarter-wave Marconi antenna {shomm in both FI 4 and FI G g) W th
hori zont al pol ERresat ABH PHU%rtﬁb {3ty | kRATHESSN @dygntagetaPicanal )
i s used both fhe nﬁbentbgniwimm;hsni bepundersabod owith dtieeaiisofabhenna

conf i gur al | On3e316upRSS kS IALA |dUEAKRIBhE 11f NEorun e D Lhed

quarter wavel en et ween the
|nterrogatlona@€ﬁﬁEFnY%%%u%¥RﬂPQﬂs 5760 M- and the reply center
frequency ®f 5820 MHz, resulting in a small msmatch | oss. The antenna

40 i's of a lengklle Description of Drawings

FIG. 1 is a block diagram system overview illustrating
how an earpiece (comprising a microphone, RF transceiver,
dual-use antenna/extractor and speaker) is worn in the ear,

10 communicates via a primary two-way RF link with an RPU, and
also communicates via an optional secondary wireless link
to a telephone system.

FIG. 2 is a block diagram illustrating a
limited-feature preferred embodiment of the invention that

15 uses commercial off-the-shelf system elements.

FIG. 3 is a relative spectral magnitude plot showing
the frequency domain characteristics of a wireless link
used in a full-featured preferred embodiment of the
invention.

20 FIG. 4 is a simplified schematic of the earpiece
transponder (transmitter responder) RF circuitry used to
illustrate operation of a full-featured preferred
embodiment of the invention.

FIG. 5 is a waveform timing diagram showing

25 characteristics of a typical interrogation from an RPU
interrogator followed by a corresponding typical reply from

an earpiece transponder.

FIG. 6 is a bird's-eye view used to describe the RF

mutual interference geometry occurring when many users of
30 the invention are in close proximity.

FIG. 7 is a drawing showing the front view of a
typical RPU for a full-featured preferred embodiment of the
invention.

FIG. 8 is a block diagram showing details of an

35 earpiece for a full-featured preferred embodiment of the



20 which can be useful in the role of earpiece extractor if desi red.
The series resonant circuits 41 and 42 are actual |y hi gh—Q-tie '
resonat ors which present a | ow i npedance at resonance and a high

| mpedance ot herw se. These resonators nmay be customfabricated from
hi gh 25 di eWO®6H1488 const ant materials, and are suitabl e fRET/EHHARAS
mounting in mcrostripline circuits (see Dielectric Laboratori es'
CAPCAD cat al og for design information). The resonat ors have typica
di mensi ons of 0.-25 nmm (0. 01 i nch) t hi ckness,

0. 5 M (0.02 inch) width
and 2.5 mm (0.1 inch) 30 length. To illustrate circuit operation, first
assune t hat t he ear pi ece transpgnder is not detecting any i

interrogations and is not in the process of transmtting a reply.
Speci fically, invehtieierence to FIG 5, assune that t he ear pi ece

circuitry is in itgrguiesgens Bigee Sddrith dndwink' detudi ghokSanerber an
i nterrogation

| nt 5 96/41498
PCT/U896/0824§%Q §r¥§il ééd%ﬁ}e% preferred emﬂgggment of the invention.
FIG.

10 is a block diagram showing details of a
5 wireless cochlear implant system.
FIG. 11 is a block diagram showing details of a
wireless cochlear implant electrode driver unit.

Best Mode for Carrying Out the Invention
One preferred embodiment of the invention herein
described is shown in block diagram form in FIG. 1. In this
figure, the earpiece 10 shown worn in the ear 11 uses a
standard completely-in-the-canal (CIC) housing, well known
in the art, although many other earpiece housing types
15 known in the art (e.g., behind-the-ear, or BTE) can be
used. The earpiece shown in FIG. 1 comprises a microphone
12, RF transceiver 13 with an antenna that doubles as an
earpiece extractor 14, and speaker 15. Although the
dual-use antenna/extractor arrangement shown in FIG. 1 is

10

20 often desirable, a separate antenna or antennae can be used
in conjunction with many different types of earpiece
extractors as appropriate for a particular application.
Antennae and extractors can be disguised as ear hair or
jewelry (e.g., earrings), or conductive filaments can be

25

permanently implanted in the ear cartilage to act as
antennae using a process similar to ear piercing. The
earpiece 10 communicates with a remote processor unit (RPU)
16 via a primary two-way RF link 17, although many other
wireless link media (e.g., ultrasonic or infrared) may be
30 used instead. The RPU is typically worn under clothing
{e.g., carried in a pocket or purse), but may also be worn
in plain sight (e.g., on a belt) if desired. The RPU 16 may
be connected (via wired or wireless means 18} to optional
secondary wireless link circuitry 19 that allows wireless

35 communication between the RPU and other sources of




- 22 - reply interval 52. Only a small anount of power is required

by the transponder RF circuitry in its quiescent state, and in this
state the transponder is continuously searching for a synchronizing

pul se froman RPU interrogator. The nedium5 barrier SChOtﬂé‘lZp

(e.g., HP 50&9%‘738 Is.-slightly forward biased by a fixe %I as voI t age
44 applied to the di ode 43 through an associated RL

(resi stance-induct ance) network 45. Note that a zero bias diode (e.g.,
HP HSMS- 0005) could be used if desired, elimnating the need 10 for a
bi as voltage 44 and its associated RL netvvork 45. The voltage at VI,

which is applied to the diode 43 through? = another RL network 46, has a
val ue near ground ero volts t all ti ept..duri |y

i nterval 14“3 tipRt e Foéat i oﬁgﬁPl\/ﬁﬁﬁeﬁﬁ se§‘§%§ RS \r}ge erbﬁ? %pare
det’ect ed 15 h;euvim'k&}chdat kg ciecdadasdyarwirslesaqudmk.y I‘éim@athat et age
point V2, thro o?:'&l' %‘é‘éﬁh& r§17w1f‘§l@§’§ei)ﬁﬂ€j Mirdea Ry 365 may or hay cal
pul_ses appeari q}gﬁ V2 are (%151 g as the’E'01 £ ﬁge ogatlon
interval 50 pdd GenLAL REH case &) o i nterrogation
baseband V5 deo pul S¢swiid Be appmstsdtb b;howevrsaeblaﬂlrpimfﬂee g0 that
subsequent vi cl@éh vanﬂﬁié@s w&hbzgys&mﬁwlﬁlﬁs Al argr;swmslmet he art

and not des ed et ail here (see t [ \ Uni t
Har dwar e Descrafjst f%géig‘ﬁ 1pgen Ihlall? 81338 bg@[}ﬁr Cifeuitry
applied in t haid\ttaia SThgsE:er@!; prrefebred rerd®dibent for $inited-feature
I nterrogat| Ond&ﬁ%d'ﬁ kSt Sl sitied usm@lt%nﬁr{érkfﬂﬁl rcﬁﬁiaith\éebhehffﬂgﬁs&@ndynam c
range reqﬂj)re elements, that demonstrates the basic features of a hearing

aid with wireless remote processor as well as communication

capability via a secondary wireless link. The second
preferred embodiment is a considerably more complex
full-featured embodiment for general
15 application.
' Limited~Feature Embodiment
The limited-feature hearing aid embodiment shown in
FIG. 2 can be fabricated using low-cost commercial
off-the-shelf RF system elements operating in the standard
20 88 MHz to 108 MHz FM (frequency modulation) broadcast band.
Although the system described here is monaural, it will be
clear to those skilled in the art that a binaural (stereo)
system can be constructed based on the same principles as
the monaural system. Note that the earpiece 22 of FIG. 2 is
25 physically different from the earpiece 10 of FIG. 1, but
the two earpieces are functionally similar. An FM wireless
microphone 20 transmitter, e.g. Radio Shack (R) model
33-1076, is mounted on an FM headset 21 receiver, e.g.
Radio Shack (R) model 12-103, to form an earpiece 22 which
30 is not necessarily hidden from view. The earpiece wireless
microphone 20 transmitter is tuned to a fixed frequency Fl
free of local interference, e.g. Fl1=106 MHz, while the
earpiece headset 21 receiver is tuned to a different
frequency F2 free of local interference, e.g., F2=390 MHz.
35 The RPU 23 includes an FM receiver 24, e.g. Radio Shack (R)



video anplifier 810, the logarithmc anplification often

used the Nbde
S systemis not typically necessary in the hearing ai d appH-ea 2
and automatic gain control (AGC) 30 circuitry may be used i nstead. ﬁﬁter
conpl etion of the i nterrogation interval 50, the RPU interrogator

transnmts  WO9#MMBNnodul at ed 5760 MHz carrier pul se for PEEHUSRSOSMBoON of -

the reply interval 52. During the reply interval 52, a nodul ated (vi &
nodul at or 830) | ow power 60 MHz oscillator 35 835 is applied to voltage_

poi nt V1, causing the diode 43 to WO 96/ 41498
PCT/ US96/ 08248 - 23 - turn on and
off at a 60 Mz rate and act as a m xer- gThe m xer di ode 43 generates

frequency conponents centered at the difference frequency of 5700 N+t
and the sum f meglednd@-210, win&kB20 thie. el 82 (rikkilessmicgphoaet 2passes -

through the ZrareAteeer tequefdy§ @iMS(10Ee WeP! ¥n Wehehd eRaitpie) eanky
operating in monaural mode (see instructions for the Radio

Shack (R) model 12-210 FM receiver regarding details of

5 operation). The FM receiver 24 speakers are removed, and a

wire is installed in place of one of the speakers to
connect the FM receiver 24 output to the double-pole
double-throw (DPDT) switch 25 as shown in FIG. 2. When the
DPDT switch 25 is in the lower position as shown in FIG. 2,
a direct connection is provided between the output of the
FM receiver 24 and the input of a signal enhancer 26 signal
processing device. The signal enhancer 26 may be, for
example, an OKI Semiconductor MSM6322 "pitch control LSI
for the speech signal”™ which has been conveniently packaged
15 for Dbattery-powered operation as in the Questech
International Inc. Transition 2001 telephone voice changing
accessory (see the instruction sheets for these devices
regarding details of operation). The output of the signal
enhancer 26 is connected to the input of the RPU FM
transmitter 27, which is tuned to the earpiece headset 21
receiver frequency F2 (90 MHz in this example). The RPU FM
transmitter 27 may be a wireless microphone of the same
type used in the earpiece, but which has been modified by

disconnecting the microphone transducer and connecting the
25 signal enhancer 26 in its place.

10

20

During normal operation, speech signals from a nearby
talker {and other signals in the ambient audio environment)
are picked up by the earpiece wireless microphone 20 and
transmitted to the RPU M receiver 24. The RPU FM receiver
24 output level may be adjusted using the RPU FM receiver
24 wvolume -control. The resulting electrical waveform
representing signals from the nearby talker travels through
the DPDT switch 25, which is set to the lower position as

shown in FIG. 2, to the signal enhancer 26. The signal
35 enhancer 26 may be, for example,

30

a voice changer device



transmtted fromthe earpiece transponder antenna 40 to the RPU reply

processor circuitry. The earpiece 60 VHz oscillator 835, which is only
turned on during the reply - interval, changes phase at specified points
intime to 10 enerate the DPSK reply data. Details of thi ration are
shown in FlI G-WQ?"W‘F@?e the 60 MHz oscillator 835 output is H’B&ﬁﬁé@ _
nodul at ed by nodul ator 830 (i.e., multiplied by the value +1 or -1
dependi ng on the val ues of DPSK encoded bits, using the encoding
techni que described later, stored 15 in the reply data.regi ster 825)
prior to its application to the RF nodul ator circuitry 805. Note that
all earpiece functions (e.g., power 8ontrol for the 60 MHz oscillator
835) are controlled by a custom application-specific i nt egr at.ed

circuit (ASIC) thet vantesdhe pite Beracetved SpRechnet IR AFGPESERI devi ce
sinflar, e.g. to trhet BetkEThg of phenbuvtuilicdantHedss locsteth pnoghanREYI e
[ohear91011S) ) prmafCafdag e dpckl 1061 g1t e i gns
825, may be i mpadsedt @r wiowered hasadesiped. tos help Cé&?ﬁﬂ%ate p#%egsor
unit intersogaiser's Besringlogs reliaes0s pakitdidildr shbker imvbice 9,
pop oas ey edRehent atEh . Te ChoB IR WHRAIP dickRd R e ribh, | T
DSP56L002 si nglthec REY Siignadl eshgnaer p2bcka skhe Pa?%%r%lra&l%t}ttsspgézoo
gaS_Cadabl el- ?dﬁaﬂﬂﬁ@iiﬁd%ﬂgt gt: tﬁfelé@g;;ieraei Peadsdt 21 rscl@j:xmlrjﬁ im@rae!trteulegctri )
rg\sll)(r:lgflc\é\eosci Iﬁojeﬁngﬂ‘siﬁrgonVért%%gq aab%f)gsﬁ)(r: Y%gé%q%(:ao@vc\lsla\?g g@%ﬁ?ﬁ%{ r 908,
and the DPFEK r dpl neer i usdmeatsdeerd sionge sirdede 588u§%¥&1%§v§2(SAV\)
or components, and all necessary user adjustments are made
using controls located at the RPU 23 (e.g., the volume is
adjusted for a comfortable listening level using the RPU FM
receiver 24 volume control, not the earpiece headset 21
15 volume control). Since no earpiece 22 user adjustments are
required, the commercial wireless microphone 20 transmitter
and headset 21 receiver designs used for the earpiece 22
can be modified by eliminating the unnecessary earpiece
adjustment controls to achieve significant size reduction.
20 Such miniaturization technigues are well known in the art,
and schematics are available from Radio Shack (R) for the
designs used.in this example (see service manuals for the
-Radio Shack (R} model 33-1076 wireless microphone and model
12-103 headset). A set of fixed-value components can be
25 used to replace the bulky variable components in the
earpiece 22 (e.g., the volume control on the earpiece
headset 21 and frequency controls on both the earpiece
headset 21 and earpiece wireless microphone 20). Any
resulting frequency drift effects in earpiece 22 components
30 can be minimized by placing temperature-sensitive devices
in a position where their temperature is regulated by that
of the human body, which is a relatively constant 37C -
(98.6F). Such components can be bonded to the earpiece
headset 21 speaker to provide the required thermal mass. A
35 miniature speaker of the type commonly used in hearing aids



35 glass bulk acoustic wave (BAW delay lines 936 in a
96/ 41498 PCT/ US96/ 08248
- 24- standard del ay-and nultiply denodulator circuit 934. An
alternative denpdulator that achieves superior noise I munity can
be i npl enent NP WMI4R§ a phase | ocked loop in a squar i ng PCE8IS96/08248
configuration for carrier recovery instead of 5 del ay-and-mul tiply
circuitry 934. Decoding of a DPSK wavef or m usi ng such coherent
detection techniques is known in the art as differentially encoded
coherent phase shift keyi ng, or DECPSK. Anmplifiers using | ow noise
pseudonor phic - hi gh el ectron nobilityilpransistors (e.g., the HP
ATF-36077) 10 may be used as needed (e.g., between the circulator 906 and
routing switctan dmjusedads ptach ofinphe fspeakeracommaveially suppibdiedual |y

identified inJifh the Shtpicd¥ heABSet"PIWN drd a miniature microphone of

the type commonly used in hearing aids can be used in place
of .the microphone transducer commercially supplied with the

5 earpiece wireless microphone 20. Both the earpiece headset
21 and earpiece wireless microphone 20 can operate from the
same 1.5V battery, and the entire earpiece 22 can be
packaged in a standard BTE hearing aid housing if desired.
Such miniaturization provides an earpiece which can be

10

hidden from the view of a casual observer in many cases
{e.g. if the user has long hair), especially when miniature
ferrite antennae are used. The RPU 23 may be hidden from
view when carried and operated in a pocket or purse.

The RPU 23 shown in FIG. 2 also includes, as an
15 optional feature, a telephone handset 28 which may be a
cordless handset (e.g. Panasonic model KX-T3710H), cellular
handset (e.g., NEC model P120), or a cordless or cellular
handset with voice-dialing capability, or any of a variety
of other devices {e.g. a "“walkie ¢talkie") capable of

20 communication via any type of secondary wireless link 29
(e.g., RF or infrared). In this application, the handset 28
is not held in the user's hand, but instead forms a part of
the RPU 23 carried on or located near the user's body. The
handset 28 pushbuttons and other handset 28 controls are

25

available at the surface of the RPU 23, and operated in the
usual fashion. When communication wvia the secondary
wireless link 29 Is desired, the DPDT switch 25 is placed
in the upper position (i.e., the alternate position from
that shown in FIG. 2). The user's voice {and other signals
30 in the ambient audio environment) is picked up by the
' earpiece wireless microphone 20, transmitted to the RPU 23
FM receiver 24, sent through the DPDT switch 25 to the
microphone input o©f the handset 28 (the handset's

microphone transducer may be removed} and transmitted on

35 the secondary wireless link 29 to, e.g., the general



FIG 9 are RF switches that can be inplenented using, e.g., PI'N

di odes. Switch control connections fromthe DSP 948 to 15 the RF switches
are shown in FIG 9 for clarity, and all switches remain set as shown.
until changed gs noted. The system shown in FIG 9 denp ulgkéﬁ?g

recei ved repl the RF reply travels through a sel nna
900, antenna selection switch 902, circul ator 906, routing 20 switch
922 (set to.the position opposite that shown in FIG 9 during the
reply interval by DSP 948 via control signal 976), bandpass filter 928
and | F m xer 930. The IF m xer 930 downconverts the reply by mXxing it
with a small anount of RF power fromlie 5760 MHz oscillator 908 via
switch 910 25 is set to the positian o 05|te that shown .in FI G

9 during the rﬁﬂgﬁcFﬁ?%Fvﬁ? ?RPQ&%DQ? AFiky éBHP P §F8ﬂapﬁe 8ecogdaryang
power spli. tterwgzéleislelnﬂsmgt eng DRSKiverplby lthe handseta 2c86ntsentf fegquency

of 60 M1, egé%[gé&af ot¥Bublée 1 @dhan%set I R%ﬁé%ﬁ%‘rs s erendpass

filter 932 to t SK 30 int
consi sts of a B8Y be removedie wia| the PRPTanawhinh | gPi &P odie sigzal
resulting 5 enhaheenrs St ¢dansniticer il pxﬂatfanabgy sicerthedeatrplece

Criirment of PRBSHEE Mfescetver wmerh MBI W) Butenia ol
share one acoustic waves heard b he user. Note that the RPU may
also include straight—forward connections to a "personal
digital assistant"™ computer, or voice operated devices
10 connected to the FM receiver 24 output and not shown in
FIG. 2. - |
RF output power of the earpiece wireless microphone 20
and RPU FM transmitter 27 may be limited by FCC regulations
to a level of -47 dBm, or -47 decibels relative to a power
15 level of one milliwatt (see 47 CFR Ch. 1, Para. 15.239, for
field strength limits, and the relationship between field
strength and transmitter power is discussed later with
regard to the full-featured embodiment) in the 88 MHz to
108 MHz band, which is low compared to the RF power output
20 from commercial broadcast radio stations that operate in
the same band. As a result, "clear" operating frequencies
for the earpiece 22 and RPU 23 (i.e., operating frequencies
with suitably low interference levels) must be chosen
(depending on location of use) in advance of operation to
25 avoid interference from commercial broadcast radio
stations, and also to allow operation of many units in
close proximity without mutual interference. Interference
problems and RF transmitter power limitations can be
alleviated by operating the system in the "auditory
30 assistance device" frequency bands near 73 MHz, where RF
transmitter power can be as much as +2.8 dBm (see 47 CFR
Ch. 1, Para. 15.237).
Full-Featured Embodiment
Desirable features: Many features are considered
35  desirable for a full-featured preferred embodiment of the
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- 25 - frequency band centered, for exanple, at 5760 MHz—+of .
i nterrogations, while all earpiece transponders share anot her freque
band centered, for exanple, at 5820 M1z for

replies. The interrogati
(and theref owossH98 eplies 5 also) in the enbodi nent det #QTAIEI68248 ar e
timed to avoid "col lisions”

t hrough the use of tine-division :
mul ti pl exi ng techni ques. Each RPU contains a circuit known in the art
as a "sniffer," operational only when the RPU interrogator is not’
transmtting, that detects the presence of other 10 interrogators. This
process is known in the art as "clear - i channel assessment. " The sniffek
circuit (which, for this exanpl e, may consist mainly of a Schottky
di ode and ot hémvention:cuiFoy sidedpaeatio appdticasédnj nian isampriefeered
transponder) thata'éﬂ’é"’ss§~£‘€e *6’«1 d@éﬁid‘ﬂﬂﬁz Vet Beky Ohn 104 %h%&oéé

I nterrogators are ,nearby;, as. we as time 1ntervals urin %hlch
near by |nterrcﬁﬁﬂﬁimét§ie PRAERCRT ¢ ¢ i PREY intgxd ﬁﬁePﬁqu(;OQFasﬂﬁgé

resul t
i s achieved whinteREerencienf som oguirahsof mam-malersaumnides isaaieptiablea

| , :

et aor 08 7 b aiecL | it 1
preferably minimized to extend battery life, and use of a
rechargeable battery is desirable. The earpiece is
preferably smaller than the head of a cotton swab so as to
be hidden from view for the majority of users. FIG. 1
depicts an earpiece 10 that provides the desired CIC form
factor. The preferred embodiment should be able to operate
when the earpiece 10 and RPU 16 are separated by 0.6 meter
(two feet), and greater range is desirable. To allow lip
15 reading, total delay between the arrival of an ambient
acoustic signal at the earpiece microphone 12 and
production of a corresponding processed acoustic signal at
the earpiece speaker 15 is preferably less than 50
milliseconds. To tell where sounds are coming from
(binaural localization) random left/right earpiece timing
variations are preferably less than 20 microseconds. Note
that 1larger, fixed 1left/right timing variations are
‘tolerable. Microphones are preferably mounted in the
earpieces (rather than body-worn) to allow stand-alone
25 earpiece operation in the event that the primary

cormunication link 17 between the earpiece 10 and RPU 16 is
disrupted,

10

20

and to preserve the user's natural direction
finding capabilities with head motion while reducing wind
and clothing noise from the critical audio path. Note that
auxiliary body-worn microphones (e.g., in the RPU 16) may
be used to measure background noise for the purpose of
automatically setting hearing aid parameters. The system’s
audio bandwidth (i.e., the audio signal bandwidth preserved
throughout all processing and available at the speaker 15
of each earpiece 10) is preferably more than 6 KHz so that

30

35



to the sniffer 926, which indicates the presence of other I nterrogators
to the DSP 948. Tine is divided into "slots," where a slot is defined
as atime interval of specific duration, with a single

i nterrogation/repl ycle taking 25 place in a single tine %% h
reference to l&‘f%g"%‘f’% one,time slot consists of the duratf ﬁfw

I nterrogation interval 50 and the corresponding reply interval

Whenever possible, an interrogator transmts in an othermnse
unoccupied time slot inmediately follow ng some 30 occupied tinme slot,

wi th an average repetition frequency t hat depends on the audi o signal
sanpling rate (descri bed later in thiB3section). Using this approach,
nmany interrqQgators and_transponders can operate in close proximty
wi thout the neddlt §S8RRFEAL[PAgGHe iBFaTRatioR: igprﬁr‘"@%ﬁ@e e theePPEr ence,
as detected by cfheaRBijculasion index MO UBe£é46B8ce Data for Radio

PCT/U596/08248Eng1neers“ to evaluate the consequences of using less than
’ a 6 KHz bandwidth.

5 Choice of wireless medium: A wide variety of wireless
media can be used in this invention, e.g., RF, optical
{including infrared), acoustic waves (including

ultrasonic), induction loop and capacitive coupling. It is

possible to wuse any of these forms of wireless

10 communication, as well as others not discussed in detail

here ({e.g., acousto-magneto resonance techniques), in the

implementation of the present invention. Since induction

loop and capacitive coupling wireless communication

technologies are typically more suited to one-way rather

15 than two-way communication systems, these techniques are

not discussed further in reference to the present

description of the preferred embodiment. Similérly, optical

and acoustic wave approaches are not considered further due

to the difficulties involved in providing a system which

20 can effectively penetrate clothing. An RF approach is

therefore the only approach detailed for the full-featured

preferred embodiment, and one RF approach has already been
described as a limited-featuré embodiment.

Choice of radio frequency: Operating frequencies in

25 the 900 MHz to 6 GHz range have long been used for

electronic article surveillance (EAS) anti-theft systems

and RF identification tags (see the Hewlett Packard

"Communications Components Catalog"” for a description of

such systems and the associated components). EAS technology

30 has a proven ability to penetrate clothing and provide a

short-range wireless communication link. Operation of the

. full featured preferred embodiment of the invention within

this frequency range is desirable due to the availability

of low-cost components. In EAS and other systems, a simple

35 approach to RF antenna design is to provide a conductor



- 26 - indicated by a high reply failure rate (a parity error or

no response froma sel ected transponder). After a certain nufber—o
reply failures (e.g., 1%in any 0.05 second interval ) the interrogator;
switches to an unoccupied time 5 slot imediately following the reply
from a rand¥R96/4149%8 se| ected nearby system (if any near by PEYA/SEpBI48

det ect ed) . I f no unoccupied tine slot is available, the interrogator-
transmts a single interrogation in an occupied sl ot sel ected at rando
unti|l successful communication is 10 established with the desired '
transponder. A different RPU antenna may al so be selected to aid
establ i shnment of a reliable |ink betden the RPU i nterrogator and the
sel ect ed earpi ece transponder. \Wen the RPU interrogator nust

comuni cat e wi vhighris ongnquastenrqf dde wevebengtlermt the BE opérafisigot and
?gﬁ eggghstelr:rc]ts gﬁé%ﬁéﬁd&rr NfdeOttes BilsRuadibh of ?ngﬁﬁgﬁglé%%ﬁew at elny
B R BEafBiRe S, i Radite A ERRE® it oo BFafTTRIOm Iy 10

force other

interference, @&pthriMagconirantanna .g8onee ray quentedevaﬁel@ngtaoanml bed -
later in thlhis gece ez E@r 1abh Q:&Se(%vnehﬁw@feinch) loh e mosﬁeié&h?am»tst

descri bed allogﬁ Ia& 9¢ nunb 1 g na units a# ose
proximty even -Unde equenq*nﬁﬁqwqgﬁé 8t °fo %§94§iﬁg ﬁﬁt&&l ﬁﬁ ﬁf%r ence
geometry. can alggyefenve desi gn hermiag «did | earpieaeheextradciidd Y&al i ze
25 that a Ver}{aﬁ@h@@gﬁ“&’@eis Qfoﬂ&‘é@fxﬁ&%d@ﬁéﬂrﬁx@ré\ﬁ&%& Breantenna@nd a

Clseusslon, of Ws 48" LSS ANER LRI ae an LS RRET ROED

10 that frequen01es lower than 6 GHz canh be used {(e.g., as

previously described for the limitedfeature embodiment),

but components and antennae generally become larger.

Similarly, frequencies higher than 6 GHz can also be used

for the present invention but components are not as readily

15 available. The range of frequencies near 6 GHz is therefore

chosen for the present description of the preferred

embodiment due to the fact that 6 GHz is the lowest

frequency for which the antenna length is the same as that

of a typical extractor or ear hair, and miniature

20 components that operate in the vicinity of 6 GHz are
‘readilv available.

RF path effects: The path between the earpiece and RPU
is preferably, but not necessarily, line-of-sight. To
illustrate that a line-of-sight path is possible, assume

25 the RPU is located near the user's navel. A telescoping
pointer having 0.6 meter {two feet) length when fully
extended can then be used to physically demonstrate that a
direct line-of-sight path exists between the RPU and both
earpieces for all head and body positions by placing one

30 end of the pointer at the navel and the other end at the
entry to an ear canal. As the user moves around, the
pointer changes length but always defines a line-of-sight
path between the RPU and earpiece positions. The
transmission loss resulting from addition of a layer of

35 clothing in the line-of-sight path {(e.g., over the RPU) is



f requency- hopped waveforns) is beyond the scope of this docunent .
Qperation of the invention can best be 30 illustrated by considering the
wavef or m exanpl es presented - in FIG 5, with the full realization that
many ot her orns are possible. During the interrogatj ' rva
50, which hasvg?%%yé?lon of 5600 nsec, the RPU transmts a %CEREgM%%gts/sec
PPM interrogati on waveform the anplltude 35 envelope vs. tine diagram51

of which is shown in FIG 5. WO 96/ 41498

PCT/ US96/ 08248 - 27 - . The

I nterrogation consists of a series of RF ulses havi ng duration of
either 100 nsec or 200 nsec, center freqy of 5760 MHz and power

generati n; " heRELhALy 288 BE 8RS aﬁdvégé?%‘r RFPS i H7RE% OB,

where the 5760penetrating thin layers of body tissue. Specifically, the

skin depth, defined as the depth at which the power of an

incident RF planewave is 0.135 times its value at the

5 surface of the skin (i.e., 8.7 dB loss}), is approximately

7 mm (0.28 inch) at 6 GHz (see the "Radiofrequency

Radiation Dosimetry Handbook," DTIC ADA 180678 for

details). Thus, although the human body effectively blocks

RF signals at 6 GHz and most of the energy is absorbed at

10 the skin surface, RF signals to some extent penetrate the
relatively thin external ear cartilage.

Free space path loss: Even under the assumption that

a line-of sight path exists between the earpiece and RPU,

transmission power losses of 6 GHz RF signals are quite

15 high. The free space path loss, in dB, can be expressed as

96.58 + 20[10g(range in miles x frequency in GHz)] or 92.45

+ 20[log(range in kilometers x frequency in GHz)]. See the

discussion of space communication path losses in "Reference

,

Data for Radio Engineers" for derivations. Approximate
20 values for the free space path loss at 6 GHz are 47 dB at
0.9m (3 ft), 57 dB at 3 m (9 ft) and 67 dB at 9 m (30 ft).
Since a loss of 3 dB corresponds to a loss of one-half of
a signal's power, and a signal which has a power level 20
dB below that of another signal has only 1% of the power of
25 the other signal, a 6 GHz signal received at a range of 9
m (30 ft) has only 1% of the power of a signal received at
a range of 0.9 m (3 ft) when isotropic (omni-directional)
antennae are used at the transmitter and receivers. In many
systems, path losses are overcome by use of highly
30 directional antennae which ©provide additional gain
(typically +28 dB for each antenna, with one antenna at the
transmission end and another at the reception end of a
link). For application in the present invention, however,
physically large high-gain antennae are unacceptable.
35 Techniques that use small antennae to reduce transmission



MHz oscillator 908 output is routed by a switch 910 to an

att enuat or
912 that sets the interrogation |evel. The PPM

portion of—the

i nterrogati on waveform 51 i s generated during the interrogation
interval 50 when serial binary 10 data fromthe interrogation data
regi ster 942WO86/14H498 a - “switch 914 to turn on and of f. PFRUSSAEME | ng RF
waveformis filtered 916, routed to a circulator 906 by neans of a -

switch 918, and sent through another switch 902 to a sel ect ed ant enn
900. No signal is transmtted fromthe 15 earpiece during the :
interrogation interval 50. During the reply interval 52, the RPU

I nterrogator transmts a single unaopigll-at ed RF pul se haV| ng 550 nsec
duration, center frequency of 5760 MHz and power |evel of +16.8 dBm (4
mA . Thipatbul $esses gawer cappll idable hto578E Mpresent | |imventdo8, 20

Chat “Lhéinr?ﬂt%?’&t“rmqghiﬁ B e My Ao g L ol
si gnal 972), H‘ﬁ%r %Zghowsp Xaﬁ&f“ﬂé} ¥3?1°191§‘(¥39°P0t?’ﬁ
position opposanttem aspsitionegd &t Gardogsr pnienteatiocns imitheREY, by DSl

948twh a comt ggézngﬁnoré'élﬁ@nn%‘%a Cbécubaaozif%és;?éw Aitmma loeglsl on .
SWMtTC

the duration df® %O%t}ﬁﬁgpse[‘?‘ﬁcﬁgggt e, ‘??%81% 89’&?@1 r{r)g éigbtafef Iqrﬁlt%g'cas

During the reppyocassory ASP5H48t vdacmopiteod signaki $66), whileOamteng sec '

DPSK reply wave§@rig ddws1adkbit HQesﬁﬂt’&k P 3hndéd thi"Bosh ASH agr TkOf
which is showngag Fl] G

havi ng 550 nse uY%ﬁl%‘?‘PW‘)IhSIgng po8é b?’ég%%ﬁg%gﬁsg#ggﬁ?e%%ese

i nt erval stOcenber switchf Béé]ué\umqemftmmom—mlamf pRser94&vela ofontrol :
approxi mately s3dnal 968PM €2e0QH? BMleces 30PNV arkySHER e PV and

one fabricated, for example, using PIN diodes well known in the
art. The antenna selection process, known in the art as
"diversity switching,” is automatically controlled by the

15 DSP 948, and the antenna that yields the best 1link
reliability (as indicated by the fewest parity errors,
described later) is selected by the DSP 848 for use. Other
techniques well known in the art, e.g., electronically
steered phased arrays, can also be used.

20 Operating power limitations: Operation in many
frequency bands is possible as long as the applicable
requirements are met. A frequency band slightly below 6
GHz, the 5725 to 5875 MHz ISM (industrial, scientific and
medical) band, is used here to illustrate the operation of

25 a full-featured preferred embodiment. Non-licensed
operation in this band is governed in the United States by
47 CFR Ch. 1, Para. 15.249, and other restrictions may
apply depending upon the country in which the invention is
used. For the present discussion, only the constraints

30 imposed on operation by the United States Federal
Communications Commission are considered. In the 5725 MHz
to 5875 MHz ISM band, the average field strength at three
meters must be less than 50 mV/meter. For an isotropic
radiator, the power in watts is expressed as 3.33% of the

35 square of the product of the field strength in V/meter and



35 earpiece), an interrogation/reply cycle occurs once every

WD 96/ 41498 . PCT/ US96/ 08248
- 28 - 80 microseconds (12.5 KHz repetition frequency). For a
bi naural system (one RPU and two earpieces), t wo

i nterrogati orW@eENycl es (one for each earpiece) occur FPCRYPHMFRByery
80 microsecond interval, for an average of one 5 interrogation/reply cycle
every 40 mcroseconds (25 KHZ average repetition frequency). For
design sinplicity, all timng is linked to the 60 MHz IF in this
description of the invention. Specifically, three periods of a 60 Mz
waveform have a total duration of 50 nset7 and multiples of 10 50 nsec
intervals are used in the timng of both the PPM and DPSK data. The
average repetitheon panded ins 168Ers.s505ee  Hhec LF3OR cPBseRBHINANe
interrogati on gepd&fafLUd@ACYegard to field strength and radiated power
from antennas in free space, in "Reference Data for Radio
Engineers," as well as Annex K of the "Manual of
5 Regulations and Procedures for Federal Radio Frequency
Management” for derivations. For the stated range of three
meters and field strength of 50 mV/meter, the average power
limit is 0.75 mW (-1.25 dBm). A peak field strength value
20 dB (a factor of 10) higher is allowed (500 mV/meter),
10 which leads to a peak power limit of 75 mW (+18.75 dBm).
Other restrictions also apply, but these restrictions are
easily met by standard design practices (see 47 CFR Part
15, Subpart C--Intentional Radiators).
Potential interference  sources: Although the
15 regulations governing operation of devices in the ISM band
near 6 GHZ limit RF transmission power to relatively low
levels, such limitations help ensure that other equipment
is unlikely to interfere. Interference from other nearby
hearing aids is eliminated through a time division
20 multiplexing scheme described later in this section.
Interference from reflections of signals off distant
surfaces (known as "multipath” in the art) is eliminated by
‘the round-trip free space path loss. The relativeiy low
data rate wused in the invention gives immunity to
25 reflections from nearby surfaces. Interference from other
nearby low-power equipment is minimized by the free space
path loss described earlier. Interference from high-power
ISM equipment (typically point-to-point communlcation links
with high-gain antennae) is eliminated by the user moving
30 out of the narrow high-power beam. A proposed European
automotive electronic toll collection system would use
. high-power pulses at 5.8 GHz, but the cars are in motion
and provide shielding. High power weather radars such as
those found at airports and used by television statioms
35 operate below 5650 MHz, which is 75 MHz below the ISM band



Is 60 MHz x 96 = 5760 MHz and the reply center frequency is 60 MHz x 9
= 5820 WMHz. Thus, given a single oscillator 15 wth an approprate
frequency (e.g., 1 Miz) all other requi red system frequencies can
be generated by appropriate frequency division (e.g. 25 KHz is 1 Mz
di vi ded by 4G 9em1498 frequency nultiplication (e.g., 60 ddiusososbesVHz
mul tiplied by 60). 20 Interrogation data format: The

i nterrogation 51 begins with a 100 nsec "gap,' or guard interval
during which no RF transm ssions occur, preceding the first pulse. Th
gap ensures that the | eading edge of the first interrogation :
pul se can be clearly detected, and all owpgadequate tinme for 25 a
precedi ng reply pulse fromany nearby systemto decay to an

undet ect abl e | einteteetli Thiis) Nderngairedenput e hathe ISM bathd akapn of
100 nsec, and § sl Lgwed 3,300 N38G1ce £ok NhBEYALI T bROcHRLC RO RE
transm ssion occuUrs.  Thi's Torns a unrque purse sequence, Khown in the:i\
art as a sync bifensed gsguipmerb. is used for PPM synchronization Tl

pur POS es.zogThe RF 988ef ofeliiMdintt XnbBul 6@fe W WheWathi OFf rSddndks
unrtrorm

1, an Se5idie £sPELi LT N1 Bhce i a2 HSLAS el yforRerd” ©
the |ast 100 niedanfsustempi(seent@ryalNatdonnl Aviation Sendgsd it £hesi t
value is a | ogi6de Oséléet RBeRtbseSELERANAPHeRddEk 1 to DOT FAA Order
6365.1A"), is an aid to understanding the full-featured
embodiment of the invention. In the Mode § air traffic
control system, a ground-based equipmént known in the art
as an interrogator transmits a signal known in the art as
an interrogation to individually query devices known in the

art as transponders (transmitter responders) that are
carried by aircraft.

10

Receipt of a properly addressed
interrogation by a transponder (i.e., the address bits in

the interrogation match the transponder's internal address)
elicits a signal known in the art as a reply, which is
transmitted by the transponder and received by reply
processing circuitry at the interrogator. A transponder is
therefore a specialized type of transceiver which only
transmits (responds) after successfully receiving an
appropriate interrogation. In the hearing aid system shown
in FIG. 1, the RPU 16 contains, among other circuitry, an
interrogator system and reply processor suitable for the
generation and reception of digital microwave signals. Note
that although analog modulation techniques well known in
the art (e.g., frequency modulation as used in the
limited-feature embodiment) c¢ould also be used
full-featured embodiment, only digital technigques are
detailed here. Each earpiece 10 contains a transponder (the
transceiver 13 in this example) that generates a reply in
response to a correctly addressed interrogation.
Interrogations from the RPU 16 interrogator to the earpiece
10 transponder 13 over the primary RF link 17 consist of a
35 synchronizing pulse, left/right (L/R) selection bit,

15

20

25

in a

30
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- 29 - ~in the last 100 nsec of the bit interval but not in the
first-"100 nsec of the bit interval. The first data bit, designated L/ R,
i ndi cat es whegber a geft or right earpiece Is addressed, _If the L/R
bit is a logi 'gf{" Y |eft 5 earpiece is addressed, and a r ?fﬁ’?’ﬁ?ece S
addressed if the L/IRbit is alogic "0." Note that a right (left)
earpiece will immedi ately cease processi ng upon detection of an
interrogation addressed to a left (right) earpiece, and will then begin
searching for another sync pulse. As 10 shown in FIG 8, processing of
bits ih the interrogation dat a regi-stlé -820 t akes pl ace, for exanple,
in the earpiece AS|C 845, Placing the L/RDbit first _in tﬂe dat.a stream
al | ows 50% of SFPPERORAK AAAFIFHm FWELG oHRER of Tl gEhENRPU 16,1%0 (BBt or to
cease processi egrphbece n16y r apatdauxildfariyhdils (dedrided pegsrblin this
opportunity. F | / L i P} ht SO LS R ' t he
nost signifi ca%tE Eg%ﬂ?sﬁae-aht %ﬁg%%%ﬁi fciarrgt}' .érTIi"lltét ear p?'ec%eepf,%\%:é%\l\gﬁ@h '

decodes the L/Khe eapniege whP| Hanspondedr ed3 £, theorRRIbt 4 i BBPHY a
m smat ch wist h precesser nedntais a5 SsynehkdniRihgt palsagddaadso 28ata (fkwmch are

stored in the dgiagtoPaLaMBpeiStAI8PE /9%, an auxiliary bit and a
parity bit. Using the technique described here, no
interrogator address is needed, the transponder generates
replies by modulating the unmodulated carrier from the

10 interrogator, and no microwave (6 GHz) oscillator nor
amplifier is required in the earpiece 10 transponder 13.
Although it is physically possible to use a microwave
oscillator or amplifier in the earpiece 10 transponder 13,
and there may be some advantage to doing so in certain

15 instances, the full-featured preferred embodiment described
here avoids placing such devices in the earpiece 10 to
minimize size and power consumption., Note that the
limited-feature embodiment of FIG. 2 uses oscillators and
amplifiers in the earpiece 22 wireless microphone 20 and

20 headset 21. In some applications it may be desirable to use
multiple RPUs that communicate with each other. In such
applications, each RPU may contain, for example, a complete
addressable transponder as part of the RPU's internal
circuitry. The communication between RPUs is then performed

25 in the same manner as communication between an RPU and
earpiece described here.

Interrogation and reply frequency bands: One of many
differences between the Mode S system and the full-featured
preferred embodiment of the hearing aid system is the

30 operating frequency. While the Mode S system uses a center
frequency of 1030 MHz for interrogations and 1090 MHz for
replies, the hearing aid uses 5760 MHz for interrogations
and 5820 MHz for replies, as shown in the relative spectral
magnitude plot of FIG. 3. In both the typical hearing aid

35 and Mode S systems, however, the intermediate frequency



ceases processing the interrogation at the earliest
opportunity. The 15-bit address corresponds to the

"year nmodulo B9" to obtain a relatively uniformdistribution of addre

codes throughout 25 the general population. An address in which all of th
bits ar ewne96(t498r ones i s not allowed, as an all zer oSPOT/USIsMS248 -
condition is often indicative of a systemfailure. A user born on July
20, 1969, will have an address of one, a user born on July 21, 1969,

w || have an address of two and so 30 on for a total of 32,508 days -
(approxi mately 89 years), when t he sequence starts over again. Since - 3

the fifteen address bits allow repregentation of 32,768 different
nunmbers, the 258 ot herwi se unused address codes can be reserved for

speci al functi(@f$ sscl6ladBzbrithdcddfEenenes e twatne thegdmtersolaotohi xed
:D%%?bisgg/ ggzzrsa@x'&s@éﬁl‘%f Scedt¥r frequencies) Bt 8%se of standard
miniature components. Another difference is that Mode S
replies use PPM (pulse position modulation) at a 1 MHz data
rate resulting in a 2.6 MHz 3 dB bandwidth and 14 MHz 20 dB
bandwidth, while the hearing aid interrogations use PPM (to
simplify the earpiece transponder RF design) at a 5 MHz
data rate resulting in a 13 MHz 3 dB bandwidth and 70 MH=z
20 - dB bandwidth as shown in FIG. 3. Note that the
10 bandwidths stated are known in the art as signal
bandwidths, and use of RF or IF filters which diminish
these bandwidths may cause signal waveform degradation,
while use of greater bandwidths increases the likelihood of
degradation due to noise and interference. Mode S
interrogations use DPSK (differential phase shift keying)
at a 4 MXz data rate resulting in an 8 MXz 6 dB bandwidth
and 20 MHz 19 dB bandwidth, while the hearing aid replies
use DPSK (for superior noise immunity at low power levels)
at a 20 MHz data rate resulting in a 40 MHz 6 dB bandwidth
and 100 MHz 19 dB bandwidth as shown in FIG. 3. Note that
during the earpiece transponder reply, the RPU interrogator
transmits an unmodulated carrier pulse at 5760 MHz which,
due to its narrow bandwidth, does not interfere with the
reply signal information contained in the 5770 MXz to 5870
MHz 19 dB signal bandwidth. Other modulation techniques
(e.g. frequency shift keying) could easily be used instead
of the techniques described here, however the modulation
techniques described here were chosen for a full-featured

preferred embodiment description on the basis of widespread
30 use,

possi bl e
user's bt —ctery

15

20

25

wealth of documentation and component availability.
Similarly, data rates, power 1levels, interrogation
frequencies, reply frequencies and intermediate frequencies
other than those described here could also be used.

Earpiece transponder RF circuitry simplified schematic

35 and operation: A simplified schematic for typical earpiece



- 30 - delivery of speci al I nformati on services to the
handi capped. Note that the reserved codes can al so be used in a
procedure (described later in this section) that allows wirel ess

| ocation of m splaced system conponents, 5 such as cochl ear i npl ant
el ectrode driWeMP6/4MP8 s -~ whi ch may not transmt a si gnalr‘m@"%’? mal
operating conditions. Al t hough the addressing schene descri bed here
does not ensure total privacy, the conbination of a 15-bit address

and short conmunication range makes the systemnore private 10 than nost
cordl ess tel ephones that use an 8-bit address (see 47 CFR Ch. 1, Para.
15.214). Note that the address can - 124 eéhanged by the user, if desired,
usi ng a procedure described later in this section that involves one of
t he r eser veanspondss RO deixculhey1ss bshowridiessIG.s 4.ofhewfanelian  an

8-bit audio dapa fnéldhrdlitr¢hifhridie smpstsigdviiDiihi €A8loverallbbhrpsece
(conpr essed/ exBAAaEARLagRERe oFr BB Bnarn ] orienodu1 B34 AR moguiater
wavef or m sanpl 8@5atAl tiwough TheHfunction ayfeREFt demotinbatesn @pdipedul dter
earlier, resul §pBUchA Be l9FpPéhmerdtiid 238§ SLAESI eI ALY weldt Rnbwh eidet ween

t he RPU and Th | | in the.art_ wyl '

that oy tBE R b LG A EBR o BIEAUTE, PO M of o LBociady SR OBBEEE |
fromthe 4.8 Kekpiasatorygaurprseseddr atmplicitypinpedancs trepspprmer

techni ques of Fedefahe Y&ttt APdndt0 shBwn {56 2ThEORRM) iHaAIdBBOK! B65R!

commonl y used I n audi ,coggfct o gdisc (CD) players. The 100 Kbits/sec
dat a for mat chﬁgﬁn Ragio JhFur de§%¥|ﬁilgﬁsﬁﬁsﬁxgnfd? -ﬁ@?ﬁgﬁgdw T &f err ed
enbodi mrentl0 transformers), and such transformers do not occupy
significant volume. A single quarter-wave Marconi antenna
40 (shown in both FIG. 4 and FIG. 8) with horizontal
polarization (due to its orientation exiting the ear canal)
is used both for interrogations and replies, although other
15 antenna configurations are possible. In this example, the
antenna 40 is a quarter wavelength at 5790 MHz, which is
halfway between the interrogation center frequency of 5760
MHz and the reply center frequency of 5820 MHz, resulting
in a small mismatch loss. The antenna 40 is of a length
20 which can be useful in the role of earpiece extractor if
desired. The series resonant circuits 41 and 42 are
actually high-Q dielectric resonators which present a low
-'impedance at resonance and a high impedance otherwise.
These resonators may be custom-fabricated from high
25 dielectric constant materials, and are suitable for direct
mounting in microstripline circuits (see Dielectric
Laboratories' CAPCAD catalog for design information). The
resonators have typical dimensions of 0.25 mm (0.0l inch)
thickness, 0. 5 mm {(0.02 inch) width and 2.5 mm (0.1 inch)
30 length. To illustrate circuit operation, first assume that
the earpiece transponder is not detecting any
interrogations and is not in the process of transmitting a
reply. Specifically, with reference to FIG. 5, assume that
the earpiece circuitry is in its quiescent state during a
35 time which is neither an interrogation interval 50 nor a



allows use of a sinple data encodi ng approach applicable to

al | types
of sounds, including speech and nusic. Unlike. 30 systens t hat—use -
conplicated circuitry to achieve | ower data rates, conpandi ng allows““
use of a sinple encoder " and decoder in the earpiece (see the _
di scussi on oWo096/41498 | nst ant aneous conpanding in "Digital Ppormossoss of
Speech Signals" by L.R Rabiner and R W Schafer, Prentice-Hall, .35
Inc., 1978). The 8-bit conpanded audio data typically WO
96/ 41498 , _ PCT/ US96/ 08248
- 31 - provi des the perceptual equivalent of 11-bit uniform

quantization. Systemdetails are showy i3 EIG 8, where a nlcrophone-
875 is connected to an 8-bit conpressing anal og-to digital (A/D

converter 880repng¢ ixitferrv%autslzl.r@xﬁ,r adsﬁamlamml aflcpowe"mlﬂs FeqairettS! C 845
o aces tho " By LHE transBBRBLEHr [AHEM1RR] 1 1Ee Fuleddine WRBEE) MU Y

P in this state the transponder is continuously searching for
a synchronizing pulse from an RPU interrogator. The medium
barrier Schottky diode 43 (e.g., HP 5082-2207) is slightly
forward biased by a fixed bias voltage 44 applied to the
diocde 43 through an associated RL {resistance-inductance)
network 45. Note that a zero bias diode (e.g., HP
HSMS~0005) could be used if desired, eliminating the need
for a bias voltage 44 and its associated RL network 45.
The voltage at V1, which is applied to the diode 43 through
another RL network 46, has a value near ground (zero volts)
at all times except during the reply interval 52. When
interrogation PPM RF pulses are received, they are detected
by the Schottky diode 43 and subsequently appear at voltage
point V2, through an inductor 47, as baseband video pulses.
Typical pulses appearing at V2 are shown in FIG. 5 as the
interrogation interval 50 portion of an RPU interrogation
51. The PPM interrogation baseband video pulses are
processed by a video amplifier 810 and subsequent video
pulse quantizer circuitry 815, well known in the art and
not described in detail here (see the "TCAS Experimental
Unit Hardware Description,™ NTIS ADA—169870} for details of
such circuitry applied in the Mode S system), to obtain
bits for storage in the interrogation data register 820.
Due to the relatively limited dynamic range required of the
video amplifier 810, the logarithmic amplification often
used the Mode S system is not typically necessary in the
hearing aid application, and automatic gain control (AGC)
30 circuitry may be used instead. After completion of the
interrogation interval 50, the RPU interrogator transmits
an unmodulated 5760 MHz carrier pulse for the duration of
the reply interval 52. During the reply interval 52, a .
modulated (via modulator 830) low-power 60 MHz oscillator
835 is applied to voltage point V1, causing the diode 43 to
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data sanple in the reply data register 825. Simlarly, the ASI C 845

reads data fromthe interrogation data register 820 and transfers the
sanples to an 8 bit expanding 10 digital-to-analog (D/A) converter 850
connected to the ear pi ece speaker 855. The 12.5 KHz repetition
frequency WO MM ai t hf ul reproduction of all audio fre&GEWE6/08248
conponent s, bel ow 6 KHz, while providing an additi-onal 250 Hz (i.e., 4%
guard band for anti-aliasing-filters (built 15 into the AAD 880 and DA
850 converters). Note that occasional data errors are typically

undet ect abl e by the human auditory system so no error correction
or re-transm ssion of audio data is-raguwi red. The 8-bit audio dat a

field of the interrogation is followed by a 1-bit 20 auxiliary data field
for lowrate crurhcah and-afifli atdatald MHz vabe langr pctdasaa mixer. Tk ues

o Il P 1 s ety et el

he egu c
| engt h ditre FEVfH¥e? ¥, 20 d §MYERCY5  can
be echoed backmfoSBa@ M) iThee 588§a¥Bz QIalnd:oﬁ)SQnenB)passes fohaoughetlar pi ece
deai rod and ooy oonaert 47, 0 add IORME the niftl (R L)) SrkoBebly it
settings for tMh&3 nsmltté%‘i %}é’(?‘ethﬁse%@rﬁciebgﬁg’?%ﬁ%}d%ﬁ gn BMn‘ﬁgﬁPeﬁh% a the
30 interrogat REH aweply arprodessorTheironibryof The marpiesey 60 MHEZnk -
data in this p%bhﬂé?&r'me%cﬁi' &flyt R2rned off %%ﬁ@dtﬁg‘oeépr@nt s

simlar to the ﬁglse transm Ssi o

at
Speci fically, &H¥%F 1 aF anﬁﬁ phasen@@séé’@cﬁg ?ﬁs RR&LSt i fine to
synchr oni 48 i ogesegatedthe’' DPSKOrépl Blatias Petesiheecd fathis rapsaratioh abhe ASI C

845 assenbl i ngghB@n in FIG. 8, where the 60 MHz oscillator 835 output is
phase modulated by modulator 830 {(i.e., multiplied by the
value +1 or -1 depending on the wvalues of DPSK encoded
bits, using the encoding technﬁ'.que described later, stored

15 in the reply data register 825) prior to its application to
the RF modulator circuitry 805. Note that all earpiece
functions (e.g., power control for the 60 MHz oscillator
835) are controlled by a custom application-specific
integrated circuit (ASIC) 845. The ASIC 845 may be a

20 low-power low-voltage device similar, e.g., to the ECI
Semiconductor P576 custom programmable linear/digital gate
array. Many of the functions that are shown as separate
blocks for clarity in FIG. 8, e.g., reply data register
825, may be implemented within the ASIC 845.

25 Remote processor unit interrogator and reply
processor: The RPU, shown in FIG. 9, may use any of a wide
variety of components well known in the art. The DSP 948
may contain several integrated circuits, e.g., the Motorola
DSP56L002 single—-chip digital signal processor, a Motorola

30 DSP56200 cascadable-adaptive digital filter chip and
supporting memory devices well known in the art. Miniature
components such as dielectric resonance oscillators are
available for the microwave oscillator 908, and the DPSK
replies can be decoded using surface acoustic wave (SAW) or

35 glass bulk acoustic wave (BAW) delay lines 936 in a
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- 32- auxiliary bits fromfour successive interrogations. Reeerp

t he sequence "1,0" ("0,1") by assenbling the auxiliary bits fromthe
next two interrogations, respectively, indicates a logic "1" ("0")-‘for
the first auwid9smuges!l ink 5 nessage bit, and |ikew se for etivesosmsias unt i |
t he next - synchroni zati on sequence is encountered. It wll be clear -
to those skilled in the art that many industry-standard data |ink
protocols can be used on the auxiliary data |ink, but a di scussion of
such protocols is beyond the scope of 10 this docunment. After transm ssio

of the auxiliary bit, the i nterrogatpy Jnserts a 100 nsec gap during

whi-ch t he hi gher RF power output circuitry is enabled for the
unnodul ated stahdaky ideleyvahd SAupubisby (defodulatidrc hedchits apenemnwhi | e’
swi tches 910,

é%@ér%QQ1332 éﬁﬁb&ﬂla€3¥: E%a%heagﬂfé$é§”]superlor noise
immunity can be implemented using a phase locked loop in a

squaring loop configuration for carrier recovery instead of
5 delay-and-multiply circuitry 934,

Decoding of a DPSK
waveform using such coherent detection techniques is known

in the art as differentially encoded coherent phase shift
keying,'or DECPSK. Amplifiers using low noise pseudomorphic
high electron mobility transistors (e.g., the HP ATF-36077)
may be used as needed (e.g., between thé circulator 806 and
routing switch 922), and such amplifiers are not
individually identified in FIG. 9. All switches shown in
FIG. 9 are RF switches that can be implemented using, e.g.,'
PIN diodes. Switch control connections from the DSP 948 to
the RF switches are shown in FIG. 9 for clarity, and all
switches remain set as shown until changed as noted. The
system shown in FIG. 9 demodulates a received reply when
the RF reply travels through a selected antenna 900,
antenna selection switch 902, circulator 906, routing
switch 922 (set to the position opposite that shown in FIG.
9 during the reply interval by DSP 948 via control signal
976), bandpass filter 928 and IF mixer 930. The IF mixer
930 downconverts the reply by mixing it with a small amount
of RF power from the 5760 MHz oscillator 908 via switch 910
{(which is set to the position opposite that shown in FIG.
S8 during the reply interval by DSP 948 via control signal
972) and power splitter 920. The resulting DPSK reply has
a center frequency of 60 MHz, a bandwidth of 100 MHz, and
is passed through the bandpass filter 932 to the DPSK
30 demodulator 934 which, in this example, consists of a 50
nsec delay line 936 and multiplier 938. The resulting
bits are stored in the reply data register 940 for
processing by the DSP 948.
Time-division multiplexing: In the embodiment of the
35 invention detailed here, all RPU interrogators share one
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15 opposite that showmm in FIG 9). The 100 nsec gap at the end of the
interrogation interval 50 also allows turn-on tine for the 60 MXz
oscillator 835 in the earpiece transponder, as controlled by the ASIC
845. Reply data fornat: The reply 53 froma correctly 20
addressed eaV%BM8¢ransponder begins with a 50 nsec PCT/US96/08248
transm ssion for DPSK data synchronization (DPSK sync). Speci fically,
if a delay-and nmultiply denodul ator 934 is used in the RPU reply
processor, the delay line 936 nust be initialized by the DPSK sync

transm ssion to properly 25 decode subsequent DPSK data. The DPSK sync and

subsequent

data bits occur within-@§ukar, uniform50 nsec bit

intervals. The DPSK data bit encodi ng techni que used in this
particul ar i npfep@nay ohard gsnteredus forf giampdged at 5769 HHghafer
reversal, a biintédSsgsionepr eGRIlé allogiearpiece 3Gkranspohaeysseshiange bit

L he  DPaK Sync. St Eobiacy bang Yenteraq, e Reiplan St va% MS, 10°

t he .DPSK sync,

reduce the inpfe¥x repliesef The istesrogabiers (epd thewdfgnenghgurepbiesrhe

8-bit audi g

I nterrogation

10

15

20

alsofaiR tife CEHTMANGRMLANREEIEQUREYe USBET tDR6H 85 4¥®id
d@éfﬁfé%&ﬁ?‘ t qugLKQﬁ%(ﬁgéaokstiﬁgl&§¥?%i%£ %ﬂltiplexinq
techniques. Each RPU contains a circuit known in the art as
a "sniffer," operational only when the RPU interrogator is
not transmitting, that detects the presence of other
interrogators. This process is known inh the art as "clear
channel assessment. " The sniffer circuit (which, for this
example, may consist mainly of a Schottky diocde and other
circuitry similar to that used in an earpiece transponder)
allows the RPU to determine whether or not other
interrogators are nearby, as well as the time intervals
during which nearby interrogators are transmitting. As
shown in FIG. 9, this result is achieved when RF
interrogations from other units travel from a selected
antenna 900 through an antenna selection switch 902,
circulator 906, routing switch 922 and bandpass filter 924
to the sniffer 926, which indicates the presence of other
interrogators to the DSP 948. Time is divided into "slots,"

‘where a slot is defined as a time interval of specific

25

30

35

duration, with a single interrogation/reply cycle taking
place in a single time slot. With reference to FIG. 5,
one, time slot consists of the duration of an interrogation
interval 50 and the corresponding reply interval 52.
Whenever possible, an interrogator transmits in an
otherwise unoccupied time slot immediately following some
occupied time slot, with an average repetition frequency
that depends on the audio signal sampling rate (described
later 1in this section). Using this approach, many
interrogators and transponders can operate in close
proximity without the need to share any time slots. The
presence of interference, as detected by the RPU, is

35
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- 33 - auxiliary data bit, which is simlar in form and furet+en
to-the interrogation auxiliary data bit described earlier. | nf or mat
such as the earpiece battery voltage level is

conmmuni cated via the
reply auxiliwowekiesk. -For exanple, 5 the earpiece bat tecyuseasusl t age
can be sanpl ed using a 4-bit A/ D converter 865, and the resulting -dat

i nput to the ASIC 845 for inclusion in the reply auxiliary |ink
conpri-sing the auxiliary data bit in many sequenti al replies. The | as
bit of each reply is a parity bit, used 10 for interference detection
(described earli-er), that is conpylged by logic in the earpiece ASIC.
845. The val ue of the parity bit is conputed using all audio and -
auxi Ihi ary | indstatédtiey rsqaghedepmyt h&:.l@i-@rfawtoaplpaiitynﬁrfdsﬁmfnttled
in the reply e at t reply
bit has a | Og?&g x%gﬂoﬁé‘é H’ox& el%gtcr%g @%Hﬁ&p&gﬁﬂ gsf%ggy gﬁrggfn

reversals in8PBRess °fan‘-"e@a)f pf@t—ﬂélres hﬁmuncl%oﬁn ARYar @95 ePEePNdCCur s

whgn t heI odd ﬁ.ﬁltletrgab)tthe igeeioyatdri awibe?léPLthSﬁ Wdceapngdatimeudi o
and auxiligry a r tion _

recei ved 20 sllr?tt hgﬁuﬁ‘eé’iréﬁgg dgégié]&%m[&h% @rlgcg?%d rep?ﬁdglgrgyty :
bit.. Note thaBedgsteg: éﬁi%&tﬁme&‘ndlfeﬂx ﬁQi’rr#m §Y5temdess(§letl§§§eﬁér e are’

rel at i vely i ngfff ind @itfoctupiedhtine slot is available, the interrogator
transmits a single

interrogation in an occupied slot
selected at random until successful communication is

10 established with the desired transpondér. A different RPU
antenna may also be selected to aid establishment of a
reliable link between the RPU interrogator and the selected
earpiece transponder. When the RPU interrogator must
communicate with more than one earpiece transponder, the

15

time slot and antenna selection information is stored in
the RPU DSP 948 separately for each transponder. The time
slot selection procedure may or may not force other
interrogators to change their time slot selections due to
interference, depending on relative geometry considerations
20 described later in this section. For all cases, however,
the procedure 3just described allows large numbers of
similar units to operate in close proximity even under
conditions of worst-case mutual RF interference -geometry.

Waveform design: Those skilled in the art will realize
that a very large number of waveform designs are possible,
and a discussion of the wvarious techniques (including
spread-spectrumn, code-division multiple-access and
frequency-hopped waveforms) is beyond the scope of this
document. Operation of +the invention <c¢an best be
illustrated by considering the waveform examples presented
in FIG. 5, with the full realization that many other
waveforms are possible. During the interrogation interval
50, which has a duration of 5600 nsec, the RPU transmits a
5 Mbits/sec PPM interrogation waveform, the amplitude
envelope vs. time diagram 51 of which is shown in FIG. 5.
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standpoi nt that although the equivalent of 39 bits are transmtted for
each interrogation/reply cycle, only 18 of 25 those bits are used for the

transfer of data. It will be clear to those skilled in the art that .
many nore efficient formats are possible. For exanple, the 8-bit audio
dat a fi MR8t he interrogation 51 and reply 53 coul FBESA6ARS
doubled to create 16 bit audio data fields, with each field 30 containing
t wo 8-bit sanples, and the resulting. interrogation/reply
repetition frequency could be hal ved (whi | e keepi ng .t he audi o sanpling
frequency constant at 12.5 KHz). The formats used here, however, are
for Il lustrative purposes and | ead=t®7a sinple inplenmentation 35 of
the full-featured preferred enbodi nent. WO 96/ 41498

PCT/ US96/ 08248 The interrogation consists of a seriegqof RF pulses hawving
duration of either 100 nsec or 200 nsec, center frequency
of 5760 MHz and power level of +1.3 dBm (1.35 mW). A block
diagram of the circuitry for generating the desired

5 interrogation waveform is shown in FIG. 9, where the 5760
MHz oscillator 908 output is routed by a switch 910 to an
attenuator 912 that sets the interrogation level. The PPM
portion of the interrogation waveform 51 is generated
during the interrogation interval 50 when serial binary

10 data from the interrogation data register 842 causes a
switch 914 to turn on and off. The resulting RF waveform is
filtered 916, routed to a circulator 906 by means of 'a
switch 918, and sent through another switch 902 to a
selected antenna 900. No sigﬁal is transmitted from the

15 earpiece during the interrogation interval 50. During the
reply interval 52, the RPU interrogator transmits a single
unmodulated RF pulse having 550 nsec duration, center
frequency of 5760 MHz and power level of +16.8 dBm (48 mW).

This pulse is generated when the 5760 MHz oscillator 908

20 output is routed through a switch 910 (set to the position
opposite that shown in FIG. 9 during the reply interval by

DSP 948 via control signal 972), power splitter 920,
another switch 918 (set to the position opposite that shown

in FIG. 9 during the reply interval by DSP 948 via control

25 signal 874), circulator 906, and antenna selection switch
902 to the selected antenna 900. Each time slot, defined as

the duration of a single interrogation/reply cycle, is 6150
nsec. During the reply interval 52, the earpiece transmits

a 20 Mbits/sec DPSK reply waveform, the amplitude envelope

30 vs. time diagram 53 of which is shown in FIG. 5. The reply
consists of a single RF pulse having 550 nsec duration with
possible phase reversals at 50 nsec intervals, center
frequency of 5820 MHz and power level of approximately =37

dBm (0.0002 mW). For a monaural system {one RPU and one

35 earpiece), an interrogation/reply cycle occurs once every



RF transm ssion power restrictions: The full-featured enbodi nent of the

I nvention described here is designed for non-| i censed operatoRr—thtet—
47 CFR Ch. 1, Para. 15.249. As di scussed earlier, RF power radiated
fromthe systemnmust 5 not exceed 0.75 mW average and 75 nm\ peak. Power
radi at ed worgidse ear pi ece transponder, typically 0.2 pecrusyeosausi n

this version of the full-featured preferred enbodi nent, is negl i gi bl e.
The 48 nmW peak RPU transmi ssion power is well below the 75 mWlimt. .
Note that a sinusoidal waveform 10 having a peak-to-peak voltage of 4.5V -
pl aced across a 50 ohm | oad di ssipates 50 MW so batteries suitable fo

t he .. RPU interrogator (e.g., 9V) arepgidely available. The RPU

transmts an interrogation once every 0.04 nsec, on the average, for
wor st - case bi gaumdlcrosetondson.(120s aHzowRpet itIonefegyendypaclFor a

i nterrogati ong.k yclLEai S, th or T 4 nmec 5.0 03 "!¢
m cr oj oul e. T%éﬁ%ﬁgaé%erégs%%}l ual?(ﬁlsé l%Plpt r%rx]dsm ‘f'g\cllv é?g?%%c%lﬂ i ;t‘%b X .

0. 0001 nsec xintgsrogation/repdyoEysdefi dPBRoEPE @BFRNGAFREEFR) cPRRRFAL | ON
interval and withif). &9&5p BEAtcXodEedY infePPdY, Hod' 8hoaeralier bRdondie repl

“nterrogats ontPseEboulil S sty Gt Whny G het Facidhas® s iz, (-
0. 03 mi cr o] oula¥eragpergpet bgomoiraqueasy) RPEPr desigmrasiFipddcébypoakt is
tﬂergf (7)[5 e m(/\?é\fiﬁr&;iﬁgmi@r Q.i;‘l.ﬁlélg@) i:wlﬁiotl_Qé 60 rgiomziam)irf &Ai@ﬁ%saé&pﬁmmhofz bel o
tC9§. 1- 1991, ttﬁ‘g %%&e%%anﬁurﬁpfgrimiég%gfé égﬁggu&%rt’% B @EZEQRE&?a %t i on
4 mnN per vRyefosmchave metotadyénerfd@nooér 59 inaesenantimulsiplgsdot _
exposure 10 tIs0 ey dAMterVal8Sagloubed bin amed dethingXRFS Woth the PpAM the .
system descr | ba%dd riﬁ;s?( fdgltgs frﬁ‘é Q\%Pa\%et -q:%petition period is 1600 x 50
nsec = 80 microseconds. The interrogation center frequency
is 60 MHz % 96 = 5760 MHz and the reply center frequency is
60 MHz x 97 = 5820 MHz. Thus, given a single oscillator
15 with an appropriate frequency {(e.g., 1 MHz) all other
required system frequencies can be generated by appropriate
frequency division (e.g. 25 KHz is 1 MHz divided by 40) or
frequency multiplication (e.g., 60 MHz is 1 MHz multiplied
by 60).

20 Interrogation data format: The interrogation 51 begins
with a 100 nsec “gap,' or guard interval during which no RF
transmissions occur, preceding the first pulse. The gap
ensures that the léading edge of the first interrogation
pulse can be clearly detected, and allows adequate time for
a preceding reply pulse from any nearby system to decay to
an undetectable level. The first interrogation pulse has a
duration of 100 nsec, and is followed by a 300 nsec
interval during which no RF transmission occurs. This forms
a unique pulse sequence, known in the art as a sync pulse,
30 which is wused for PPM. synchronization purposes. The

remaining PPM data pulses occur within regular, uniform 200
nsec bit intervals. If the data bit value is a logic "1,"
an RF pulse is transmitted in the first 100 nsec but not-
the last 100 nsec of the bit interval. Similarly, if the
35 data bit value is a logic "0," an RF pulse is transmitted

25



30 permssible [imt when standard design practices well known I n

the art are foll owed. Exposure also falls well below the 1 nmW per
square centineter level which is believed to be safe indefinitely
(see the Mcrowave Radi ati on Hazards section of "Reference Data for
Radi 0 Engi neeM$>96/414985 WD 96/ 41498 PCT/US96/08248

PCT/ US96/ 08248 - 35 - " RF l'ink
power budget: Using the fornul ae stated earlier, the free space path

| oss for the 5760 Mz i nterrogation over a distance of 0.6 neter (two
feet) is approximately 43 dB. Since the interrogation power |evel 5
transmtted at the RPUIis +1.3 dBm the-i2derrogati on power | eve
received at the earpiece transponder is approximtely +1.3 dBm - 43 dB

= -41.7 dBm Tdnetber dastr di00aisecl iofk the hitddmtervapobutbhet physkbal
configurationsfiett 1De o8 of the bit interval. The first data bit,
designated L/R, indicates whether a left or right earpiece

is. addressed. If the L/R bit is a 1logic "1," a left

5 earpiece is addressed, and a right earpiece is addressed if
the L/R bit is a logic "0." Note that a right (left)
earpiece will immediately cease processing upon detection

of an interrogation addressed to a left (right) earpiece,

and will then begin searching for another sync pulse. As

10 shown in FIG. 8, processing of bits in the interrogation
data register 820 takes place, for example, in the earpiece
ASIC 845. Placing the L/R bit first in the data stream
allows 50% of all earpieces within the range of a given
interrogator to cease processing the interrogation at the

15 earliest possible opportunity. Following the L/R bit is a
15-bit address, for which the most significant bit is
transmitted first. The earpiece ASIC 845 decodes the L/R

bit as well as the address and, upon detection of a
mismatch with its internal pre-~assigned L/R bit or address

20 (which are stored in the default parameter storage 870),
ceases processing the interrogation at the earliest
possible opportunity. The 15—bi1 address corresponds to the
user's birth day and "year modulo B9" to obtain a
relatively uniform distribution of address codes throughout

25 the general population. An address in which all of the bits
are zeros or ones is not allowed, as an all zeros or ones
condition is often indicative of a system failure. A user
born on July 20, 1969, will have an address of one, a user
born on July 21, 1969, will have an address of two and so

' 30 on for a total of 32,508 days {(approximately 89 years),
when the sequence starts over again. Since the fifteen
address bits allow representation of 32,768 different
numbers, the 258 otherwise unused address codes can be
reserved for special functions such as "broadcast" mode

35 interrogations from fixed location RF transmitters for



di pole antennae in different orientations with diversity 10 swtching are
desirable (i.e., as showmn in FIG 9, the ant enna 900 whi eh—be
comuni.cates with the earpiece is sel ected by a switch 902 under,

control of the DSP 948). Circul ar polarization antenna techni ques may
al so prove wossassl depending upon the orientation of theceasginsee 15

relative to the RPU (e.g., carrying the RPU on a belt near the navel
vs. carried in a pocket). See the discussion of circular polarization?
in "The ARRL Handbook for the Radio Amateur” for details. Such RPU

ant enna consi derations well known in the art are necessary to ensure
that the link loss 20 does not exceedygacceptable levels, and it s
hi ghly . desirable to direct radiated RF energy fromthe RPU towards -
the earpiece aulivery frofm t Bped$sl' s ikFdymbOidhe BRrviWE: to eXtRet

possi ble. An i L Nej ev f .42 fo P I
received at t r{gngi'rc %gééae tri‘r’éa%es?&ﬁgefh?s”%%%"%&’g? ﬁgﬁaxéa%g{lga{%e% ?1 gg%per ate
t he transpondein dat dregedyredddescribgiodatas iim Frids 4pectifprh Khata

Ey_pi ca= tangendliws wiredeBsi lovhtYoRf ofShigPacet Viystehn ldomidndits,
si-gnal -t og noi

dotactor 3" g%, goBh Sh Siptpif TbERRANE dedber YaiPS, (e ey, 1%,
30  shown t haRObnERAIsHESd @ aigmelcansier aocwalepBebAting scopditgons. dB,

lle thg dES}ABEhcﬁidhpuﬁhéi aaafey@zllﬂq?\ggcl:i}lané e@@sct;zh:zaldnadh heré hﬂpbﬁp%tzi gnal
ol atton Tor miuee, ordl pRIVERY”, Yo dominay 10808, Ao pOREt fistsdng on
for a square waRe Siprt compypicaifonsrangemakest hhessyshan Tabkaprivage
derivations). than most cordless telephones that use an 8-bit address
(see 47 CFR Ch. 1, Para. 15.214), Note that the address can
be changed by the user, if desired, using a procedure
described later in this section that involves one of the
reserved address codes. The 15-bit address is followed by .
an B-bit audio data field, for which the most significant
bit is transmitted first. The audio data is an 8-bit
companded (compressed/expanded) sample, representing one
value o©of an audio waveform sampled at the 12.5 KHz
repetition frequency described earlier, resulting in a 100
Kbits/sec effective audio data rate between the RPU and
each earpiece. Those skilled in the art will recognize that
man§ other audic waveform data formats are possible,
ianging from the 4.8 Kbits/sec code excited linear
prediction (CELP) techniques of Federal Standard 1016 to
the 2.1168 Mbits/sec format commonly used in audio compact
disc (CD) players. The 100 Kbits/sec data format chosen for
this description of the full-featured preferred embodiment
allows use of a simple data encoding approach applicable to
all types of sounds, including speech and music. Unlike
systems that use more complicated circuitry to achieve
lower data rates, companding allows use of a simple encoder
and decoder in the earpiece (see the discussion of
instantaneous companding in "Digital Processing of Speech
Signals"™ by L.R. Rabiner and R.W. Schafer, Prentice-Hall,
Inc., 1978). The 8-bit companded audio data typically
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- 36- Al t hough this loss is considerably greater than the 7 dB
conversion |oss typically associated w th doubl e-bal anced m xers, the

si ngl e-di ode approach used here is capabl e of operation_usi n%"’}\ﬁy | ow

power drive IWQBHE4®n|ike 5 commonly available doubl e- bl AR ers).
Since the RPU transmts an unnodul ated carrier pulse |level of +16.8 dBm
during the reply interval, the reply transm ssion RF power | evel at the
transponder is roughly +16.8 dBm - 43 dB - 10 dB = -36.2 dBm at 5820
MHz. The free space path loss for 10 the reply fromthe earpiece
transponder to the RPU is the sanme 33 for the interrogation, i.e., 43
dB. The resulting reply level received at the RPU_i.s -36.2 dBm - 43
dB= - 79. P0Bridere theni PeRceRtuak asauivalest | Qfel lirbihe WRLFQD
det'erni ned by gysiefRdtienTabysesnedetaiiLsned showk nkFBF, 85 whws @ P is
J-tgﬁj 2?:05 fa -?-O}Agla:’t::;]xgo;\é? teZ’mB'r?]%i ISJZS Bo‘l:én?nrg%rygds to anco%s-tb‘?t@;t E&nﬁ?@é@ﬁag
analog-to digital (A/D) converter 880, and the resulting
5 digital sample is input to an ASIC 845 used to control the
earpiece functions. The ASIC 845 subsequently places the
data sample in the reply data register B825. Similarly, the
ASIC 845 reads data from the interrogation data register
820 and transfers the samples to an 8 bit expanding
10 digital-to-analog (D/A) converter 850 connected to the
earpiece speaker 855. The 12.5 KHz repetition frequency
allows faithful reproduction of all audio frequency
components below 6 KHz, while providing an additional 250
Hz (i.e., 4%) guard band for anti-aliasing filters (built
15 into the A/D 880 and D/A 850 converters). Note that
‘occasional data errors are typically undetectable by the-
human auditory system, so no error correction or
re-transmission of audio data is required. The 8-bit audio
data field of the interrogation is followed by a 1l-bit
20 auxiliary data field for low-rate critical non-audio data.
Auxiliary data bit wvalues from many successive
interrogations are assembled in an internalergister of the
éarpiece ASIC 845 to form a message of any desired length
(i.e., any reasonable number of bits), and such messages
25 can be echoed back to the RPU interrogator (and DSP 3848)
from the earpiece transponder (under control of the ASIC
845) for verification if desired and re-transmission if
necessary. Information such as default settings for the
earpiece, as described later, is communicated wvia the
30 interrogation auxiliary link. The format of the auxiliary
link data in this particular implementation of the
preferred embodiment is similar to the pulse format used
for PPM data transmission. Specifically, an auxiliary link
message begins when the synchronization sequence "1,0,0,0"

35 is received as a result of the ASIC 845 assembling the



tenperature (taken as roomtenperature, or 290K), B is the reply
signal bandwi dth (taken as 30E+6 Hz from FIG 3) and F i ot
figure (see the discussion of noise 20 fundanmental s in "Phasel ock
Techni ques” by F.M Gardner, John Wley & Sons, 1979, or the space
communi cat i ORY@ SeMAlgs’ of "Reference Data for Radi o Engichrgicos2dsor

details). Modern | ow noi se conponents available for 6 GHz operation,
e.g. the HP ATF-36077 nentioned earlier, have noise figures 25

approaching unity (F=1, or 0 dB). The resultl ng system noise is P =

1.2E-13 W or -99 dBm giving a 20 dB SNR for the reply. Note that t
SNR for replies is chosen to be greater than that for interrogations,
as any loss inserted in the link path will have a greater effect on

repli Ies t_h;;mt %&xuilla ' b OO QRSE G sheeeggp{rfhmeﬁre@&b Qtﬁ&ﬁstra%@ibere Fo
?ﬁ?gir)r giga!t'i on qeq R%'ﬁ 5@3&'&33" 'gsﬁgy'lf'r)oﬁylfsg 919 'the ad’%‘)ﬂ\kﬁﬂ’e the
SNR for the répits | |fNPmdethea§mitbyt§le dinterrogaftions20 xEbpactiveldy, 35 .
WO 96/ 41498  indicates a logic "1" ("0") for thePEIf45%H08448y 1ink
5 message bit,  and likewise for other bits until the next
synchronization sequence is encountered. It will be clear
to those skilled in the art that many industry-standard
data link protocols can be used on the auxiliary data link,
but a discussion of such protocols is beyond the scope of
this document. After transmission of the auxiliary bit, the
interrogator inserts a 100 nsec gap during which the higher
RF power output circuitry is enabled for the unmodulated
reply interval 52 pulse (i.e., switch 914 is opened while
switches 910, 918 and 922 are all set to the position
15 opposite that shown in FIG. 9). The 100 nsec gap at the end
of the interrogation interval 50 also allows turn-on time
for the 60 MXz oscillator 835 in the earpiece transponder,
as controlled by the ASIC 845.

Reply data format: The reply 53 from a correctly

10

20 addressed earpiece transponder begins with a 50 nsec
transmission for DPSK data synchronization (DPSK sync).
Specifically, if a delay-and multiply demodulator 934 is
used in the RPU reply processor, the delay line 936 must be
initialized by the DPSK sync transmission to properly

25

decode subsequent DPSK data. The DPSK sync and subsequent
data bits occur within regular, uniform 50 nsec bit
intervals. The DPSK data bit encoding technique used in
this particular implementation is as follows: if preceded
by a phase reversal, a bit interval represents a logic "1"
30 (otherwigse the bit interval represents a logic "0"). An
B-bit audio data field follows the DPSK sync, and the most
significant bit is transmitted first to reduce the impact
of any errors caused by interfering pulses. The B-bit audio
data is companded as previously described for the
35 interrogation data format. The audio data is followed by an



- 37 - Mutual RF interference: In the inplenentation of the
full-featured enbodinent described here, a single

interrogation/reply cycle takes place between the RPU and each ear pi ece
once every 80 mcroseconds, on the average. 5 Since each

i nterrogati on/Y@8P4®,cl e has a duration of 6150 nsec, RCHERPHL8248

thirteen non-overlapping tinme slots are avai l able for time-division

mul ti pl exing to prevent nutual RF interference between users |located in
cl ose proximty. Si nce each binaural user needs two tine slots (one for
each 10 earpiece), the systemdescribed here is nore than adequate

for six binaural users in close proxinty33Interrogations from anot her
user's RPUw Il not generally interfere with i nterrogations froma

user!s own RPU3uxildaryadptanbpty sehich ig ajgidar, éf faen Andriypgiion rpy
are at |east 6 b3 thel awtébrogatiglasillewel sddtomithdesseibed caur . For

le, if K i ] .
Cover of 42 qebRfpttitich 84BN RS MO o haRkely CWRIEA RURAS Y
then pul se | evegammmicatedpiviat thAcrenky auxilipwyckigk.di KRX GHARISy

transn ssi ofs fiien egiicde MAYtddy erfﬁrdiit%bégi?ﬁn deasanpllednaisiggner al |y
Dr o PLOPET ot WAL AockisBU8 o UbaY Bk SELECIL O S Rl e
| ocated nore tHde 7A8IGeB4Rs fops ingduplanayn fthe WARLY t3wkiliary link
comprising the auxiliary data bit in many seguential
replies. The last bit of each reply is a parity bit, used
10 for interference detection (described earlier), that is
computed by logic in the earpiece ASIC 845. The wvalue of
the parity bit is computed using all audio and auxiliary
data bits received in the interrogation 51 and transmitted
in the reply 53. 0dd parity is used to ensure that at least
15 one reply bit has a logic "1" wvalue, so that a reply
without ahy phase reversals indicates an earpiece
malfunction. A parity error occurs when the cdd parity bit
generated in the RPU DSP 948 using all audio and auxiliary
data bits transmitted in the interrogation 51 and received
20 in the reply 53 does not match the received reply parity
bit. Note that the interrogation and reply formats
described here are relatively inefficient from the
-étandpoint that although the equivalent of 38 bits are
transmitted for each interrogation/reply cycle, only 18 of
25 those bits are used for the transfer of data. It will be
clear to those skilled in the art that many more efficient
formats are possible. For example, the 8-bit audio data
fields for the interrogation 51 and reply 53 could both be
doubled to create 16 bit audio data fields, with each field
30 containing two 8-bit samples, and the resulting
interrogation/reply repetition frequency could be halved
{(while keeping the audio sampling frequency constant at
12.5 KHz). The formats used here, however, are for
illustrative purposes and lead to a simple implementation
35 of the full-featured preferred embodiment.



free space path loss is 65 dB, will not generally 25
user's systemas the resulting pul se
di ode are 16.8 dBm - 65 dB = -48.2 dBm
operatiing with

nmut ual
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synchwossanoson t hr ough the use of time-division 30PCTruSIsORI4@XI Ng.
two- simlar units usi ng
and spaced nore than 1.2 neters

time slot with over | appi ng PPM and DPSK pul ses,

loss is 50 dB at that separation and +1.3 dBm (1.35 mWW - 35 5
dB = -48.7 dBm WO 96/ 41498 34 ~ ;
PCT/ US96/ 08248

interfere with
| evel s neasured at the—deteete

_ It follows that similar unit
nmore than 7.3 meter (24 feet) separation do not-requirg

time-division nultiplexing C s
(4.3 feet) apart can share the sane
since the free space:

- 38 - Wor st - case
geomEt tyansmi¥oiuis powandrestrictions: The full-featured

embodiment of the invention described here is designed for
non-licensed operation under 47 CFR Ch. 1, Para. 15.249. As
discussed earlier, RF power radiated from the system must
not exceed 0,75 mW average and 75 mW peak. Power radiated
from the earpiece transponder, typically 0.2 microwatt in
this version of the full-featured preferred embodiment, is
negligible. The 48 mW peak RPU transmission power is well
below the 75 mW limit. Note that a sinusoidal waveform
having a peak-to-peak voltage of 4.5V placed across a 50
ohm load dissipates 50 mW, so batteries suitable for the
RPU interrogator . (e.g., 9V) are widely available. The RPU
transmits an interrogation once every 0.04 msec, on the
average, for worst-case binaural operation. The allowable
energy in each interrogation/reply cycle is therefore 0.75
mW x 0.04 msec = 0.03 microjoule. The RF energy actually
transmitted by the RPU is 26 x 0.0001 msec x 1.35 mW =
0.00338 microjoule during the interrogation interval and
0.00055 msec x 48 mW = 0.0264 microjoule during the reply
interval, for a total of 0.02978 microjoule in each
interrogation/reply cycle {which is less than the allowable
limit of 0.03 microjoule). The average worst-case RPU
transmission power is therefore (0.02978 microioule}/(0.04
msec} = 0.7445 mW, which is below the 0.75 mW average power
limit. According to ANSI/IEEE Standard ¢C€95.1-1991, the
maximum permissible exposure to 6 GHz RF radiation is 4 mW
per square centimeter averaged over fifteen minutes, and
exposure to the eyes and testes should be avoided. Exposure
from the system described here falls far below the
permissible limit when standard design practices well known
in the art are followed. Exposure alsoc falls well below the
1 mW per square centimeter level which is believed to be

safe indefinitely {see the Microwave Radiation Hazards

section of "Reference Data for Radio Engineers").



auditorium seating do not represent a worst-case I nterference

geonetry due to body and seat shielding effects. Al so, binaural users
standing in a circle do not 5 represent a worst-case interference
geonetry due to head shielding effects and increase of the circle

di aneter as WO9H6M88 users are added. The worst known case, PSHBROEHR ¢ he
bird s-eye view of FIG 6, occurs for a teacher 60 when seven

students 61 t hr ough 67 st and in a 10 shoul der-to-shoul der
semcircle in front of the teacher. For anal ysi s purposes, assune that
t he teacher and all students are binaural users with an RPU | ocat ed
near the navel . The teacher's pinnae3bexternal ear cartil age)

provi de shielding fromany students that may be standing 15 behind the
teacher. Seven st ®deniinka@evesyi hedgets Weirg the Eormuias: statsd der

wi dth can stanshfi%%,metke (fkce f ephte path r DoB&hefdeacher . 5760l m@zrmre

students increases their adi al, .di ng r tﬁq@h

decr eases nut u:&fs’terrogatﬁ?rér?gggng ag‘ﬁlg%"gé? élérz(r?éé%lergh | naur users
are 20 showerpproimatelyad4Bodsl. 6ﬂ-n§eXﬂib§n1@Fﬂ§r%g®¥ls°fWR9VtFIb eve
required were ﬁfaxﬂﬁhtﬁ@&%'@'tﬁxé @pyhas e+ 1 e dihj réeinterrogigionPoweri e

oL oLe POV Io B eI s PhCEa IR renpmotd S UichopiRaaat/L od by
coul d share thbl.s'ian@m& 43iGR 3| oflad d@sch%e@wel%rrethﬁ% z%‘uch a
possi bj{' ' ]Egrl num%élrrsm aisllogriosg.gl% Ciﬂfy%q.calgﬁo?flguf\@ﬁﬂons SQh\nIﬁlQﬂ.% P;E(U e.
R AR R JE ey NG e
si npl e exd@pl eswitohsingerare sdesiraiiia n(i 30, vag cPhdm yineddGshi%l diify is”
used to provi dgn¢dithA0d0 Which best communicates with the earpiece is
selected by a switch 902 under control of the DSP 948).
Circular polarization antenna techniques may also prove
useful depending upon the orientation of the earpiece
15 relative to the RPU {e.g., carrying the RPU on a belt near
the navel vs. carried in a pocket). See the discussion of
circular polarization in "The ARRL Handbook for the Radio
Amateur" for details. Such RPU antenna considerations well
known in the art are necessary to ensure that the link loss
20 does not exceed acceptable 1levels, and it is highly
desirable to direct radiated RF energy from the RPU towards
the earpiece and away from the user's body to the maximum
extent possible. An interrogation level of -42 dBm for the
PPM pulses received at the earpiece transponder is more
25 than adequate to operate the transponder detector diode
(diode 43 in FIG. 4), which has a typical tangential
sensitivity of -54 dBm, giving a 12 dB SNR (signal-to-noise
ratio) for the interrogation. During replies, the detector
diode 43 acts as a mixer using on/off modulation. It can be
30 shown that on/off modulation causes a conversion loss of 10
dB, i.e., the desired output signal voltage is less than
the input signal voltage by a factor of approximately 3.14
(see the function-product relation formulae for use in
trigonometry, and the Fourier expansion for a square wave
35 in the "CRC Standard Mathematical Tables” for derivations).



for multiple RPUs to share a single tine slot, and all thirteen tine
slots are used. In FIG 6, a solid line is used to represent_a diroci
| i ne-of -si ght path between an ear pi ece and RPU, while a dashed |ine.

represents a 35 non-interfering path with high | oss due to head
shi el-di ng. WO 96/41498 O 96/ 41498

PCT/US96/08248 o
PCT/ US96/ 08248 ' - 39 - A user's left :
ear is denoted by the letter "L," while a user's right ear is denoted

by the letter "R " FIG 6 depicts a case where the teacher's 60 left - .
(right) ear uses time slot #1 (#2), student 67's left (right) ear uses :
time 5 slot #3 (#4), student 61's left §§ uses tine slot #5, ~student.
62's right ear uses tine slot #6, studenf 63's | eft ear uses time slot

#7, st Udentl 64ABtHoWHH Hdils UR® lisMRonsideshi #éreﬁéid%n&th% lefdg ear
uses time sl ot

slot #11 is Shcgg\aeféqulerfoss typlgaflylgssomateu %S‘lthl geugﬁ.e-bff'aﬁc tci e

mixers, the single-diode approach used here is capable of
operation using very - low power drive levels (unlike
commonly available double-balanced mixers). Since the RPU
transmits an unmodulated carrier pulse level of +16.8 dBm
during the reply interval, the reply transmission RF power
level at the transponder is roughly +16.8 dBm - 43 dB - 10
dB = -36.2 dBm at 5820 MHz. The free space path loss for
the reply from the earpiece transponder to the RPU is the
.same as for the interrogation, i.e., 43 dB. The resulting
reply level received at ‘the RPU is -36.2 dBm - 43 dB =
.=79.2 dBm. The minimum detectable reply level at the RPU is
determined by system thermal noise, expressed as P = kTBF,
where P is the noise power in watts, k is Boltzmann's
constant (1.3BE-23 Jjoule/K), T is the system noise
temperature (taken as room temperature, or 290K), B is the
reply signal bandwidth (taken as 30E+6 Hz from FIG. 3) and
F is the noise figure (see the discussion of noise
fundamentals in "Phaselock Techniques" by F.M.

10

15

20 Gardner,

John Wiley & Sons, 1979, or the space communication chapter
of "Reference Data for Radio Engineers" for details).
Modern low-noise components available for 6 GHz operation,

e.g. the HP ATP-36077 mentioned earlier, have noise figures

25 approaching unity (F=1, or 0 dB). The resulting system

noise is P = 1.2E-13 W, or -99 dBm, giving a 20 dB SNR for
the reply. Note that the SNR for replies is chosen to be
greater than that for interrogations, as any loss inserted
in the link path will have a greater effect on replies than
interrogations for the implementation described here. For
example, if the path loss increases by 8 dB, the SNR for
the interrogation link is reduced by 8 dB (from 12 dB to 4

dB) while the SNR for the reply link decreases by 16 dB
{from 20 dB to 4 dB).

30
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10 by student 61's right ear and student 62's left ear, tine sl ot #12

I s shared by student 63's right ear and student 64's left ear, and
time slot #13 is shared by student 65's right ear and student 66's

|l eft ear. Note that tinme slot nunmerical assignnments are arbitrary.

Si nce many soVOOH#EA® 15 are possible, the time required f RCHYPMRMR s (o
reach an accept abl e steady-state solution is mninmal. As users nove
around, their hearing aid systens autonatically adapt by continually
finding new accept abl e steady-state sol utions using.the tinme-domain
mul tipl exi ng techni que described 20 earlier. This analysis indicates that
a |l arge nunber of users can operate33inailar devices in close proximty
wi t hout disruptive nutual interference. RPU form factor: The

renote processor uMutuednRFadaterferenog delr shicetijpdpneptatiortaf Shea few
other o o fncoath RRtuged [ hibadiEhT QLR e e ent e O
purse, or worn% F§%59ﬁ5#?°§J§FP6V ﬁkﬁgg E#kﬁﬁﬂ apewﬁgﬁweeg Eﬁ%ﬂ a ééﬂnnand
of RPU functi oeacl eearpiecenionce efrepyr Bfemicrosecondstt pngtheraviexagent ry)

i s desireds a KeybOWUadnaihPERASdAcH) repl yisydile habOatdieraRRdnheESiTED can be
used. The keyboard m§¥ contaln a fuIF n1n|?ture alfhanuqfnéc %&ypad,

or may coR8FSt BARY\ 2L I ECCTh AP OVRFLAPREPY FiPReS ots 8
pushbut t ons f oavaskaksdenifolr timeteivisiaremulpipléxingitteprevent mtuadeyboard

can be covert| ¥poper&i&doite @eeethelsefr1ctut RXaMP @ oskNpRodERILS.
pocket. One possible f rglfactO{ 0
Since eac inaural user needs two time slots (one for each

10 earpiece), the system described here is more than adequate
for six binaural users in close proximity. Interrogations
from another user's RPU will not generally interfere with

- interrogations from a user's own RPU if the maximum pulse
levels from the other user's RPU are at least 6 dB below

15 all pulse levels from the user's own RPU, For example, if
a user's own RPU produces PPM interrogation pulses at a
level of =42 dBm at the user's earpiece transponder
detector diode, then pulse levels of -48 dBm at the same
detector diocde caused by transmissions from another RPU

20 some distance away will not generally prevent proper
operation due to PEM sync detection errors nor cause PPM
data errors. Thus, +16.8 dBm (48 mW) pulses from an RPU
‘located more than 7.3 meters (24 feet) away, for which the
free space path loss is 65 dB, will not generally

25 interfere with a user's system as the resulting pulse
levels measured at the detector diode are 16.8 dBm - 65 dB
= ~48.2 dBm. It follows that similar units operating with
more than 7.3 meter (24 feet) separation do not require
mutual synchronization through the use of time-division

30 multiplexing. Note that two similar units using
time-division multiplexing and spaced more than 1.2 meters
(4.3 feet) apart can share the same time slot with
overlapping PPM and DPSK pulses, since the free space path
loss is 50 dB at that separation and +1.3 dBm (1.35 mW) -

35 50 dB = -48.7 dBm.
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- 40 - interest is shown in FIG 7, where the RPU case 70 +s—&a—
PCMCI A (Personal Conputer Menory Card International) Type 11 PC Card
wi th dinmensions 54 mm (2.13 inches) wi de, 85.6 mm (3. 37 inches) |ong
and 10.5 nm waotMideach) thick. The 5 wunit has an al phanunect/vsderosassd -
crystal display 71, a pair of large pushbuttons 72 for rapid covert
data entry via Morse code (or any other code for which a user perforns
data entry by applying pressure in a sequential pattern to one or nore
RPU keys) and a full mniature al phanuneric 10 pushbutton keyboard. Morse

code data entry rates range from fd words per mnute (novice) to-
fifty words per mnute (expert), and the user only sends Mrse code
(which is

_ genewarsy-ensd er inftepfeeesty i Neonaty' Thechbilis Hangh@ok
for ‘the Radio JRkEHEm | ObelrfegCr Bl QLof MaEsEERIC o 15 yoslectrgni ©
keyers and autonmatT c receptlon of rse usi ng ute o]

. code conputers.
operate the allpftexéREEREe KOPHBRFEY ue to body and seat shielding

effects. Also, binaural users standing in a circle do not

S5 represent a worst-case interference geometry due to head
shielding effects and increase of the circle diameter as
more users are added. The worst known case, shown in the
bird!'s-eye view of FIG. 6, occurs for a teacher 60 when
seven students 61 through 67 stand in a

10

shoulder-to-shoulder semicircle in front of the teacher.
For analysis purposes, assume that the teacher and all
students are binaural users with an RPU located near the
navel. The teacher's pinnae (external ear cartilage)
provide shielding from any students that may be standing
15 Dbehind the teacher. Seven students each having 0.46 meter

(1.5 feet) shoulder width can stand 0.86 meter (2.8 feet)

from the teacher. Adding more students increases their

radial distance from the teacher and decreases mutual

interference. Note that since eight binaural users are
20 shown in FIG. 6, a total of sixteen time slots would be
required were it not possible to share the thirteen
available time slots provided by the system. Since many of
the users are separated by more than 1.2 meters (4.3 feet),
such users (e.g., students 61 and 67) could share the same
time slot as described earlier, although such a possibility
is not considered here. Many solutions (i.e.,
non-interfering time slot assignments) exist, with some
requiring fewer than ten time slots for the geometry shown
in FIG. 6. As a2 simple example, consider a solution in
which only head shielding is used to provide the ability
for multiple RPUs to share a single time slot, and all
thirteen time slots are used. In FIG. 6, a solid line is
used to represent a direct line-of-sight path between an
earpiece and RPU, while a dashed 1line represents a
non-interfering path with high loss due to head shielding.

25
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user pushes the desired character key followed by the LFT or RHT key

as required. For exanple, the letter "A" is entered by pushing the
ABC key 73, causing the letter "B" 20 to appear on the display 71,

foll owed by the LFT key 74, whi ch changes the letter "B" on the
display to th&NQRe41498 - "A " Twel ve alternate characters RGFEISIB24& o,
etc.) are printed on the case 70, one above each character key (the
alternate characters are not shown in FIG 7). The 25 alternate
characters appear on the display when the correspondi ng character
key is pressed and then the ALT key 75 is pressed. Note that no
character requires nore than two keys9r-okes to enter. The enter (ENT)
key 76 is pressed when the displayed nmessage is ready to be sent from

the 30 user o user'RPUefdPearhds| elenoked biyythheades®etk8y, 77while a FIG

7) Keys are US b ely0 se b ighteSsiiess aBHot88 PPWReOMetter aml«cl pog, key
(ONV C and powe used to _control

t he .RPU power . JE?T;S'JIZ?S\(AFI c!f:a}faqlé%ez g,éﬂ]e @e%ghééﬁsgﬁ% lké%ﬁ (%i&?’ﬁ)e 4Bt 8°6°a
DSP56L002 i nt edidmecdlokr #li (#2)35stndentséphs lefithdrighbresarusasafabel i ti es
required foor gsiot #3 (#4) V3R B's left ear uses time slot #5,
PCT/U896/082488tudent 62's right ear uses time slot #6, student 63's left
ear uses time slot #7, student 64's right ear uses time
slot #8, student 65's left ear uses time slot #9, student
66's right ear uses time slot #10, time slot #11 is shared
10 by student 61's right ear and student 62's left ear, time
slot #12 is shared by student 63's right ear and student
64's left ear, and time slot #13 is shared by student 65's
right ear and student 66's left ear. Note that time slot
numerical assignments are arbitrary. Since many solutions
15 are possible, the time required for all units to reach an
acceptable steady—staté solution is minimal. As users move
around, their hearing aid systems automatically adapt by
continually finding new acceptable steady-state solutions
using the time-domain multiplexing technique described
20 earlier. -This analysis indicates that a large number of
users can operate similar devices in close proximity
without disruptive mutual interference.
' RPU form factor: The remote processor unit can have a
wide variety of form factors, a few of which are described
25 here. The RPU can be worn as a wristwatch or other
inconspicuous piece of jewelry, carried in a pocket or a
purse, or worn on a belt over or under clothing. When
manual command of RPU functions (e.g., control of parameter
settings or data entry) is desired, a keyboard attached to
. 30 or built into the RPU housing can be used. The keyboard may
contain a full miniature alphanumeric keypad, or may
congist o0of a few simple controls with wvery 1large
pushbuttons for users with limited dexterity. If desired,
the keyboard can be covertly operated while located, for
35 example, in a user's pocket. One possible form factor of



- 41 - operation of the keyboard 946, display 954, Mrse code keys
956 and other RPU features previously described and to be de bee

| at er, ' .~ Location of msplaced system conponents: Mdern CIC 5
hearlng “ai d earpieces 10 of the type possibly used in this i nventi on
may be smal | ewobéaaaeg he head of a cotton swab, and ar epcAAssoé/ds24s

m spl aced (as are small RPUs 16). |f the two-way wireless |ink bet ween:
an earpiece and RPU 17 is interrupted for a certain period of tine, a
occurs when an 10 RPU is msplaced, the earpiece automatically sinulates
stand-al one CI C hearing aid operation and the RPU, detecting a link
di sruption as descri-bed earlier, conseLvgg - power by reducing its
nunber of attenpts to conmunicate with the earpiece. If no

i nterrogati ondmtémsai Vsl &nb(vtmeizit&'m .ear, plv&fe)ﬁ:elﬁ:lfer ®PUt easBPP016 sf @ aI
certain perio | e te e 8 anpl e
by a retrlgl%fr ab eerrrst?r?gs}t a(%fnguge%t}?e\%%‘sgtcoaﬁ%;&% gk rgal) T&&)n%
in the art as &MY Rfe-Gaxst withnginepsians 54 Me(%aﬂ)llé@él W1¢@I &B845, the
éSI cd| n: tiat esmai (BLATI Diclds)a BdraGnd Q08 526m QIoCz;meaﬁng @wlcle.arm?ce%
t and- al ong op i i QY : n A au | s from
the m crop%oneﬁé% s a\s/f}% ggﬂgr%cc\(l)%ﬁgsgﬁx §i£[5§ % c}%{ dto - .3
the - speakePf8Q§r9PaPPﬁébBtE@ﬁsel%aﬁ@InQaEi¢\ngertnd@ﬁ% entry via '
' Morse code {or any other code for which a user perxforms
data entry by applying pressure in a sequential pattern to

ocne or more RPU keys) and a full miniature alphanumeric

10 pushbutton keyboard. Morse code data entry rates range from
five words per minute (novice) to fifty words per minute
{expert), and the user only sends Morse code (which is
generally easier than receiving). See "The ARRL Handbook
for the Radio Amateur" for a'description of Morse code,

15

electronic keyers and automatic reception of Morse code
using computers. To operate the alphanumeric keyboard, a
user pushes the desired character key followed by the LFT
or RHT key as required. For example, the letter "A" is
entered by pushing the ABC key 73, causing the letter "B"
20 to appear on the display 71, followed by the LFT key 74,
which changes the letter "B"™ on the display to the letter
"A." Twelve alternate characters (period, comma, etc.) are
printed on the case 70, one above each character key (the
alternate characters are not shown in FIG. 7). The
25 alternate characters appear on the display when the
corresponding character key is pressed and then the ALT key
75 is pressed. Note that no character requires more than
two keystrokes to enter. The enter (ENT) key 76 is pressed
when the displayed message is ready to be sent from the
30 user to the RPU DSP, the left and right arrow (key 77 in
FIG. 7) keys are used to edit messages, and the power-on
and clear key (ON/C) and power-off (OFF, key 78 in FIG. 7)
keys are used to control the RPU power. As shown in FIG. 9,
a DSP 948 such as the Motorola DSP56L002 integrated circuit
35 may supply the processor capabilities required for



si npl est case, the ASIC 845 reads data fromthe A/D 880, 25 perforns a
multiplication of the data by a constant (read fromthe default
paranmeter storage 870) to provide anplification, conpares the result

wi th maxi num al | owabl e val ues (read fromthe default paraneter storage
870) and WR (A8t he result to the DA 850. The ASI C 84BCHEN6{9834Bor m 30
ot her processing (e.g., adaptive volune control) as well. Al t hough none
of the renpote processor and comruni cati on features are available in

st and- al one node, which uses pre-sel ected hearing aid paraneter
settings fromthe default paraneter storage 870 in the earpiece, the
earpi ece 35 provides a useful anplified4dudi o path fromthe m crophone
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956 and other RPU features previously described and to be
described later.

Location of misplaced system components: Modern CIC

5 hearing aid earpieces 10 of the type possibly used in this

invention may be smaller than the head of a cotton swab,

and are easily misplaced {as are small RPUs 16). If the

two~-way wireless link between an earpiece and RPU 17 is

interrupted for a certain period of time, as occurs when an

10 RPU is misplaced, the earpiece automatically simulates

stand-alone CIC hearing aid operation and the RPU,

detecting a link disruption as described earlier, conserves

power by reducing its number of attempts to communicate

, with the earpiece. If no interiogation is received by the

15 earpiece 10 from the RPU 16 for a certain period of time

{(e.g., 0.1 second), as determined for example by a

retriggerable monostable multivibrator circuit (also known

in the art as a "one-shot") implemented in the earpiece

ASIC 845, the ASIC initiates simulation of a stand-alone

20 CIC hearing aid earpiece. Stand-alone operation is provided

when the ASIC 845 causes signals from the microphone 875

via the 8-bit compressing A/D 880 to be routed to the

-épeaker 855 via the B-bit expanding D/A 850. In the

simplest case, the ASIC 845 reads data from the A/D 880,

25 performs a multiplication of the data by a constant (read

from the default parameter storage 870} to provide

amplification, compares the result with maximum allowable

values (read from the default parameter storage 870) and

writes the result to the D/A 850. The ASIC 845 may perform

30 other processing (e.g., adaptive volume control) as well.

Although none of the remote processor and communication

features are available in stand-alone mode, which uses

pre-selected hearing aid parameter settings from the

default parameter storage 870 in the earpiece, the earpiece

35 provides a useful amplified audic path from the microphone



RPU resunes, a verbal nessage generated by the RPU DSP 948 (usi ng,
e.g., synthesized or pre-stored digitized speech) Is sent to-t+he
earpiece to informthe user that system5 capabilities have been
restored. Thus, to locate a m spl aced RPU, a user sinply wears an
ear pi ece whi o semiagsg around searching for the RPU WheoTASYeRB3480¢c fro
the RPU Is heard in the earpiece, the RPU can be found near by.
Conversely, if an earpiece is msplaced, the user manually 10 activates-
(using, for exanple, the keyboard 946) a search node program (i.e., a
DSP 948 program that indicates on the di spl ay 954 that communi cation

has been established with an earpiecgy dn the RPU and observes the RPU
di splay 954 while novi ng around searching for the earpiece. In systens

with 15 nultite ¢heaspeasicns, Whedi édmmeriication| betvideh thdi emtpimrerand .
gi ven for eacwws%«a s, a.verbal méggage%mr %%P%?C‘é‘né’%tﬁtﬂé%”gszf an
ear pl ece cannot

ny,
stand-al one  tusing, pleeaer oﬁ@f*‘é‘i‘?%ﬁ‘%{% of @Re-REAFeR digttized;smaeghly 20
desi rabl e. Exaigpl gent ntbutiheoeazpieos tberiafobr BRY misetr hat systetned of

by pushi nggt hey of y S ti opgration
of wirel ess tra#%}!’:'tFi[c')"\Qﬁ {la#g )deré] %St(?reﬁich g}gﬁ% rggaft t al‘iteof s and
classified Misplaged W’Br |%f‘§sr?§sflmﬂm WRANSeR) SATRIEGE WRbLe A N%oni cs

25 failure, aromdcssaehing dorRbhe RFU, mnemhym%sel;essrém nthe RPU 17
rerterence. Motaebalid The! WMBCEOCET R TAG e SRS SLEAYP |0
preferred to a m<cro earplece n1crophon
12 can be usedc?ﬁﬁiﬁﬁﬁﬁﬁkahfhén earpipag ﬁédm1§E¥%&94v t@ﬁcusﬁ§a¥$¢EF ¥ d

function 10ear pcefeated (usitgopHoRcexampbe®, tHe\Ke§boaddpodéepra sSelshch
Iocalizatioq mode program (i.e., a DSP 948 program that indicates on the
display 954 that communication has been established with an
earpiece) in the RPU and observes the RPU display 254 while
moving around searching for the earpiece. In systems with
15 multiple earpieces, a different display 954 indication may

be given for each earpiece.

Stand-alone earpiece operation: If an earpiece cannot
communicate with an RPU for any reason, stand-alone
earpiece operation as a CIC hearing aid is generally
desirable. Examples include occasions where the RPU must be
turned off by pushing the RPU power-off key 78 (e.g., -
situations where operation of wireless transmitters is
prohibited such as aircraft takeoffs and classified
military briefings), RPU battery or other RPU electronics
25 failure, misplacement of an RPU, and primary wireless link

17 interference. Note that a microphone 1located in the

earpiece 10 is preferred to a body-worn microphone, since

only an earpiece microphone 12 can be used to provide the
desired default CIC hearing aid function (earpiece
30 microphones also provide superior audio localization
capabilities as the microphone moves with the user's head,
and provide reduced wind and clothing noise compared with
body-worn microphones). Parameters that control the
stand-alone earpiece operation are stored in the earpiece
35 CIC default parameter storage 870, which is accessed by the

20



capabilities as the m crophone noves with the user's head, and
provi de reduced wi nd and cl ot hi ng noi se conpared with body- wor n

m crophones). Paranmeters that control the st and- al one ear pi ece
operation are stored in the earpiece 35 Cl C default paraneter storage
870, which i sWRMBMYE] by the WO 96/ 41498 PCT/US96/08248
PCT/ US96/ 08248 - 43 - ASIC 845 to
i npl ement the desired stand-al one functions as described earlier. CC
default paranmeters include, but are not limted to, settings for the
nom nal and maxi num al | owabl e ear pi ece volune. O her information
contained in 5 the default paraneter -std® age 870 i ncludes, but is not
limted to, the conmunication address and L/R (left/right) sel ection

bit. To ensur ehBRat84hsciimpdengnt ttha dardred standraionge TUACELABRS | %
cannot be changescrilbety afdrQiilelry, CIC default parameters include, but are

not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in
5 the default parameter storage 870 includes, but is not
limited to, the communication address and L/R (left/right)
selection bit. To ensure that the CIC default parameter
storage information cannot be changed inadvertently,
changes are only allowed when the earpiece is not in use
10 as, for example, when the earpiece bdttery 860 is being
charged. A battery charging detector 840, that is sensitive
to the high-level magnetic induction fields commonly used
for earpiece battery charging, indicates to the ASIC 845
that the default parameter étorage 870 wvalues may be
15 changed upon receipt of an appropriate command from the
RPU. Specifically, to change information in the earpiece
CIC default parameter storage 870, a user first activates
the earpiece battery charging system, e.g., by placing the
earpiece in a recharger/storage tray well known in the art.
20 The RPU keyboard 946 is then used to enter a command to the
DSP 948 that indicates the user's desire to change
information in the default parameter storage 870, followed
by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address
25 code to which all earpieces being charged within the
communication range of the RPU are receptive. The
information that is to ultimately be loaded into the
earpiece default parameter storage 870 is then transmitted
by the RPU using the auxiliary bit field of many successive
30 interrogations, said interrogations are received by the
earpiece, and the desired information is loaded into the
CIC default parameter storage 870 under control of the ASIC

845.
Details of normal system operation: During normal
35 operation of the hearing aid with wireless remote



changes are only allowed when the earpiece is not in use 10 as, for
exanpl e, when the earpiece battery 860 is being charged. A batte
chargi ng detector 840, that is sensitive to the high-1Ievel nagnetlc ;
i nduction fields conmonly used for earpiece battery charging, indicatess
to the ASI C SWO96/4149% hat t he default paraneter storage 870 peausogosiasy be 1
changed upon recei pt of an appropriate command fromthe RPU. .
Specifically, to change information in the earpiece Cl C default

par anmeter storage 870, a user first activates t he earpiece battery
chargi.ng system e.g., by placing the earpi ece in a fecharger/storage
tray well known in the art. 20 The RPU kgyboard 946 is then used to enter
a command to the DSP 948 that indicates the user's desire to change
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Duri ng nor nmal eration ear’i ng AFRF TS ennt
nhan ed according to the user's needs by the RPU DSP 948.

Signal enhacement is achieved via any of a number of
techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio
signals may be combined with other information (e.g., a
synthesized voice, generated within the DSP 948, warning
that the aforementioned earpiece battery voltage is low)
and transmitted from the RPU 16 over the primary wireless
link 17 to the earpiece 10, where they are converted by a
speaker 15 to sounds that can only be heard by the user 11.
An auxiliary speaker can be supplied in the RPU 16 as a
peripheral 950 device that allows people other than the
user to hear the same sounds as those produced by the
garpiece speaker 15, if desired (as, e.g., when a person
other than the user wishes to use the system's optional
cellular telephone capabilities). A different, optional
secondary two-way wireless link (shown as part of the RPU
in FIG. 9 as secondary wireless 1link circuitry 944, or
connected to the RPU by a wired or other, e.g. infrared,
wireless link 18 and shown as optional secondary wireless
link circuitry 19 in FIG. 1) can be used for communication
between the RPU and a cellular telephone system or other
sources of information. An RPU keyboard suitable for covert
data entry 72, or voice recognition capabilities in the RPU
(implemented, e.g., using any of a number of techniques
well known in the art that use the general-purpose RPU DSP
948), can be used to control hearing aid parameters (such

10
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- 44 - processor, sounds fromthe anbient environnment are picked up
by a m crophone 12 in the earpiece 10 and transnmtted wi th ot her

i nformation (e.g., data representing the _ earpiece battery 860 voltage
as obtai ned DYOR6449%H 865 5 converter and transmitted unde*éiﬁﬁﬁﬁp of the
ear pi ece ASIC 845 in the auxiliary bit of many successive replies

via the reply data register 825) over a prinmary two-way wirel ess link
17 to the RPU 16, where the audio signals are enhanced according to the
user's needs by the RPU DSP 948. 10 Signal enhacenent is achieved via any
of a nunber of. t echni ques well knowndbn-the art that use the
capabilities of the general - purpose RPU DSP_948. The enhanced audi o

signal s may beagoPdddigathont Havelnf 8efathibn the gRPU 4 DSP §¢ft halided
voi Ce, gener atggh atdiien dike iRGP A48t iov Njengs.]5 autbabtibedpd nirgwif isoned
earpi ece batte#%ﬁ%e?s{[n%%t'eief)l?%e nunbe 2\ FI PR FbLhEF: 88 YPLRE BPWnkS over

the.primary w
RPU DSP 948) in a manner that can be made imperceptible to

5 a casual observer if desired.

Binaural, directional noise-canceling hearing aid with

hearing protection: Two earpieces (one in each ear) and an

RPU can be used in a binaural, directionzl noise-canceling
hearing aid system with hearing protection features. Such

10 a syétem. provides some measure of protection for the
residual hearing capability of a hearing impaired user
simultaneous with the hearing aid function. Note that the
hearing protection provided by this invention is not
presently certified as a replacément for OSHA (Occupational

15 sSafety and Health Administration) approved hearing
protection devices required for high-noise environments.

The hearing protection features of this invention are also
available to users without hearing impairments and who wish

to avoid a hearing impairment. In applications as aids for

20 high risk of hearing loss groups such as f{irefighters,
hunters and foot soldiers, the system may also provide
hearing enhancement (e.g., amplification) for superior
audio detection and direction-finding capabilities as well

as hearing protection from loud equipment, shoulder-fired

25 weapons or local artillery. The system is also capable of
tinnitus masking and performing active noise cancellation

to potentially enhance a user's mental concentration
abilities using techniques well known in the art and
implemeﬁted in the RPU DSP 948. The hearing protection

30 function is achieved by limiting the amplitude of the audio
signal produced by the earpiece {(such limiting taking place

in the earpiece under control of the ASIC 845), and also by
having the earpiece create sound waves in opposition to
sounds in the environment to effectively cancel loud sounds

35 (using techniques well known in the art and implemented in



link 17 to the earpiece 10, where they are converted by a speaker 15

to sounds that can only be heard by the user 11. An auxiltia SaT--1/2=~1
can be supplied in the RPU 16 as a 20 peripheral 950 device that allows..
peopl e other than the user to hear the sanme sounds as those produced
by the ewop6/ed98 speaker 15, if desired (as, e.g., wherecrnidEsRss

ot her than the user wi shes to use the systenis optional cel | ul ar

t el ephone capabilities). A different, optional 25 secondary two-way -
wireless link (shown as part of the RPU in FIG 9 as secondary
wireless link circuitry 944, or connected to the RPU by a wred or :
other, e.g. infrared, wreless |ink %S_and shown as optional secondary
Wi rel ess link circuitry 19 in FIG f) can be used for communication 36

bet ween the RPthanHPb DsPl 848y .t eheRGLGENS Ve BB Oind! BSfipeting SEANGES of
Vol ce recogni t LRICCLIEdR"! Ar8" | AGR evedl uSHE" (ampy @enpectumbdr | G ng

any of a numbetbeghni@iami auds circuifgs| |weddowknown t Ha athet faat, use.g.he
general - pur poseaRPeLidei: 3Bf tHESleasanuban USQEaI:s CONESP! oM i ald
gg&?gggg;g gzgﬁﬂplemented in t48 N2 peps6200 Ms filter integrated
circult, or the equivalent function implemented in the
general-purpose RPU DSP 948. Note that for all binaural
signal processing functions, data contained in replies from
the left earpiece (i.e., audio data from the left earpiece
microphone) is processed in the RPU DSP 948 by combining
said data with other data contained in replies from the
right earpiece (i.e., audio data from the right earpiece
microphone) . The processed audio data transmitted from-the
RPU to the left and right 'earpiece speakers via RPU
interrogations is therefore a function of data received

from both the left and right earpiece microphones via
earpiece replies.

10

15

Unsolicited information: The invention provides useful

unsolicited information (i.e., information automatically

provided to the user by the éystem, not as a result of a
user request for information) to the user of the system in
a manner that can be made imperceptible to a casual
observer if desired. Information about the status of the
hearing aid system itself, such as a verbal warning that an
earpiece or RPU battery voltage is low, is provided to the
user as detailed earlier. Automatic measurements of heart
pulse rate, body temperature and walking distance traveled
can be taken by sensors 950 in the RPU 16 or earpiece 10
and stored in the RPU DSP 948. Sensor measurements can be
reported to the user by a voice synthesized in the RPU DSP
948 using any of a variety of synthesis techniques well
known in the art, including playback of pre-recorded
digitized speech. The voice signal produced within the RPU
DSP 948 is then added to the processed audio signals
already being sent from the RPU to the earpiece. The RPU
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- 45 - as anplification |level set by the RPU DSP 948) and

t el ephone dialing functions (e.g., automatic dialing of a pr edefi ned

t el ephone nunber using information stored in the RPU DSP 948) in a
manner that can be made inperceptible to 5 a casual observer if desired.

Bi naural , dir e¥0i9%64HP8 noi se- cancel ing hearing aid with hBEF/P$A§/8248
protection: Two earpieces (one in each ear) and an RPU can be used in a
bi naural, directional noise-canceling hearing aid systemw th hearing
protection features. Such 10 a system provides sone neasure of protection
for the resi dual hearing capability of a hearing inpaired user

simul taneous with the hearing aid functi-og7 Note that the heari ng
protection provided by this invention is not presently certified as a

repl acement form@BHA scOconbain gndiocad dshikase ofninfoxrattion Agnthe SBSEati on)
approved heariggg, infl@iiffg i LNtdfyiseddeBIidR] MWNLdA Hould SfLlow a
envi ronments. he Hggrln protection features of this inve llon are
al sa avai | apPE ¢ Fge%F?HoUgeﬂeéglﬁ@ ﬂ%%ﬁpnéﬁ%§ &ﬁﬁlﬁﬂg R I to
avoi d a heari ngbé npiwenyerbal ninpptuctitdnen onawhat dto ft@ke20A bBegsor i 330 of
thﬁari ngt | os§ gré’»lk'@éc&!i?hté‘sftﬁér @{Ebgi}.’}a‘%{ sco%tmdw@& r%o%&@okocﬁqé?ﬁ%ctﬁi S,
e e Ty e Y oHel o 30 SREPRCCIEG) s Oy RO o) |
provide verbal advice regarding insulin injections. The
system can alse remind a user to be in a certain location
at- a given time ("appointment reminders”), and provide
10 current location information (based on inputs from sensors
950) as well as directions to individuals such as nursing
home residents, using programs implemented in the RPU DSP
948. '
Solicited information: Solicited information is
15 provided by the system (e.g., via the earpiece speaker 15)
in response to user requests {e.g., via an RPU keyboard
946, Morse code keys 956 or voice recognition capabilities
implemented using the RPU DSP 948) in a manner that can be
made imperceptible to a casual observer if desired. In this
20 respect, the syétem acts as a "virtual handset”
communication aid that replaces a conventional telephone
handset in many applications (although users may '
édditionally communicate with a conventional handset or
‘speakerphone in the usual fashion). To accomplish the
25 virtual handset function, the RPU 16 is eqﬁipped. with
optional secondary two-way wireless link circuitry 19 to
communicate with a telephone or other communication
network. The secondary wireless link is separate from, and
does not interfere with, the primary wireless 1link 17
30 Dbetween the earpiece 10 and RPU 16. In applications where
relatively high-power transmissions take place on the
secondary link and the secondary 1link transmitter is
integrated into the RPU, the RPU can be placed on a user's
wrist or ankle away from vital organs to reduce any
35 potential health risk relative to conventional wireless




as hearing protection fromloud equi pnent, shoul der-fired 25 weapons or

local artillery. The systemis also capable of tinnitus—as g—arre—Tn
perform ng-active noise cancellation to potentially enhance a user''s ::j8
mental concentration abilities using techniques well known in the art:
and i npWwerss[1498 i n the RPU DSP 948. The hearing pr ot ePCIfossc@s4s
function is achieved by limting the anplitude of the audio
produced by the earpiece (such Iimting taking place

under control of the ASIC 845), and al so by havi ng the earpi ece creat
sound waves in opposition to sounds in the environment to effectively

cancel |oud sounds 35 (using techni quefg well known in the art and
i npl emented in WO 96/ 41498

PCT/ US96/ 0824%andsets. Note that transmissions on 4fhe primairg BPhkDBP 948) .
gﬁg kg}[ O;nguzger Q:w?@ﬁ ERENGL AL AKERPU usE ARGl OTod PR 8Y¥ESls UST NG -
which are not known to pose any health risk (see the
Microwave Radiation Hazards section of "Reference Data for
5 Radio Engineers" and ANSI/IEEE C95.1-1991 for specific
recommendations). Alternatively, a separate cellular
telephone transceiver not physically integrated with the
RPU can be worn on the user's wrist or ankle and
communicate with an RPU in the user's pocket {which in turn
communicates with one or more earpieces) via a wired or
wireless two-way link as shown, e.g., in link 18 of FIG. 1.
It will be clear to those skilled in the art that any
number o©f such 1links can be used to supplement the
operation of this invention, and links using many different
wireless transmission media (e.g., infrared or ultrasonic)
and frequencies can be used, as can wired connections.

si gnal
in the earpiece

10

15

Obtaining solicited information: To obtain solicited
information, user requests are processed in a variety of
means well known in the art, including inputs via one or
more pushbuttons on the RPU and voice recognition computer
programs implemented in the RPU electronics. Voice
recognition can be used almost exclusively, if desired,
thereby eliminating nearly all RPU pushbutton controls.
Voice commands recognized by the RPU can cause the RPU to '
initiate actions such as changing hearing aid parameter
settings (e.g., volume}, or activate appliances and
environmental controls (e.g., aids for the physically
handicapped) in a distributed wireless network wvia the
secondary wireless link. RPU circuitry may also enable a
user to voice-dial a desired telephone number by speaking
certain pre-defined commands. The verbal commands are
received as audio signals by the earpiece 10 and
transmitted to the RPU 16. The RPU may contain a low-cost
talker-dependent discrete-utterance limited-vocabulary
voice recognizer capable of performing telephone dialing
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techni ques and circuits well known in the art, e.g., vari ations of the
Least Mean Squares (LMS) technique as 5 inplenented in the Mtorol a
DSP56200 LMS filter integrated circult, or the equivalent function

I npl emented in the general - purpose RPU DSP 948. Note that for al

bi naur al W69 otessi ng functions, data contained i FGHER8248 r om
the left earpiece (i.e., audio data fromthe left earpiece 10 m crophone)
is processed in the RPU DSP 948 by conbi ni ng said data with other data
contained in replies fromthe right earpiece (i.e., audio data fromthe
ri ght earpiece m crophone). The processed audio data transmtted from
t he RPU to the left and right earpred® speakers via RPU 15
interrogations is therefore a function of data received fromboth the
left and rightandirether sinplspifomesiong such aar ppering epid cparameter
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16 or earpiece
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emergency situations, the system may automatically dial an
appropriate emergency service (based on information
previously stored by the user in the RPU DSP 948), send
voice or digital information fegarding location, current
15 medical situation (e.g. heart pulse rate) and medical
history data (stored in the RPU DSP 948) in addition to
providing normal telephone voice communication wvia the
secondary wireless link circuitry 944. '
Sensors and peripheral devices: Many sensors and
20 peripheral devices 950 can reside in or be attached to the
RPU by wired or wireless means, and controlled by the user
(via inputs to the RPU DSP 948 through the keyboard 946,
Morse code keys 956 or voice recognltlon) to provide both
solicited and unsolicited information. Music can be
25 provided from pre-stored information including tape,
compact disc, over-the-telephone services via the secondary
wireless link, or a commercial broadcast radio receiver.
User location information can be provided to the RPU from

special purpose transmitters at specific locations in
30 nursing home applications. Self-contained user-carried
inertial navigation packages (with solid-state gyroscopes,
accelerometers and a compass) or a Global Positioning
System receiver can also be used. Sensors for a foot
soldier RPU application may include many types of detectors
35 such as RF detectors (e.g., radar detection capability),



known in the art, including playback of pre-recorded

digitized speech.
The voice signal produced within the RPU DSP 948 i s t hen—added—to—t-he
processed audi o signals 35 already being sent fromthe RPU to the
ear pi ece. The RPU WD 96/ 41498
PCT/ US96/ 0824 96/41498 - 47 - PCT/UBYL/0BI4RO -
contain a | ocal database of information in the DSP 948, including a -
ti me-of -day cl ock, which would allow a user to be alerted when it is
time to take nedication and be given verbal instructions on what to
take. A sensor 950 5 attached to the RPU can continuously nonitor the
bl ood

sugar |evel of diabetic USEr Sg enabling the systemto
provi de verbal advice regarding insulin |%jections. The systemcan .

al so rem nd aﬁ{fareéxqbaslbaieafﬁéﬁaﬁgahocv@hiaeﬂ detecBrs} Qnt¥BrkENBr
("appoi nt nent f

em nders"), “and provi .
aser etegtors an% metaf detectors. Appropriate verbal

warnings or distinctive alerting tones generated by the RPU
DSP 948 are sent from the RPU 16 to the earpiece 10 and
ultimately received as audio signals by the user.
Secondary link applications: In foot scldier or
firefighter applications, the secondary wireless link
circuitry 19 may include the capability to directly access
the RPU of other users, or communicate with radio "base
stations” for local area networking with or without use of
the general subscriber telephone system. Digital
transceivers on the secondary links allow many units to
operate in close proximity, and spread-spectrum techniques
well known in the art can be used on all links (primary and
secondary) if privacy, security, low probability of signal
intercept and immunity from intentional interference
(jarming} are required. Connection with a central human
operator via the secondary 1link circuitry 19 may be

desirable in situations requiring real-time
20 translation and emergency

10

15

language
instructions, such as
firefighting or multi-national force military operations.

Note that in applications such as firefighting, it is not

hecessary to completely hide the hearing aid system and a

visible RPU antenna is acceptable.
25 RPU computer applications: The combination of an
earpiece 10 with an RPU 16 can be used in lieu of a laptop
computer or "personal digital assistant” in many instances,
and results in a practically theft-proof system. The system
facilitates text-to-speech translation of electronic mail
messages and faxes, where information is received wvia the
secondary link and processed by the RPU DSP 948. Voice mail -
messages and paging services are readily accommodated by
the system via the secondary wireless link 19 circuitry,
with both digital data and speech signals exchanged between
35 the RPU and a remote-site computer. The RPU DSP 948 can

30



10 current location information (based on inputs from sensors 950) as

well as directions to individuals such as nursing honme residents,
usi ng progranms inplenented in the RPU DSP 948. Solicited
information: _Solicited information is 15 provided by the_ s ste&uée g.,
via the earpi%?@"é’ﬂ%saker 15) I n response to user reques ’% via an
RPU keyboard 946, Morse code keys 956 or voice recognition capabllltles
i npl emented using the RPU DSP 948) in a manner that can be made

i mperceptible to a casual observer if desired. In this 20 respect, t he
system acts as a "virtual handset™ comuni cation aid that replaces
a conventional telephone handset Pn51nany applications (al t hough
users i tionally conmunicate wit convent i onal hgndset. or
speaker phone i & %?Uéﬁa?e %@ﬁ%n‘}m% &Cco tl sh t"ﬁ@a;SSthst"EPgl Hhdset

function, theliRRAI®ON Caaqpreiuwce va tdresxredopntohnahtstmctndtheyneed Ty
wireless link &U@*‘t‘é‘ﬁﬁaig ddFerencBOTEMIN Cake ¥ i ednt QhaRNONGnar gldier
conmuni cati on Iﬁf k econdar mnre&i IS sggarate from
and does ndECIREH éT'LB V\F"[’EPP %gﬁ’ér“ya ‘él%‘é’é“ﬂtﬂﬁﬁ T 3RFLPR ween

t he ear pi eBe mdn(pumlicwspemkemml | deft | eoanebeien to r el aremetg-dd - power
transm ssi ons &{fﬁl s Qggi %%%}g a 5’6‘?@

i nk transm ¢ ﬂlacles (alérﬁag@datfgﬁ ?%?o t A Ki QE&%JHS éﬁﬁ aced on
a user's Fige-socahuaTth1 ge mcwwesr%?et%s% dfcEhgrge

potential heal $iteitsk preosisisvéntomingvandionsignadlseloges the secondary

wireless link. Note that unlike the limited-capability RPU
10 voice recognizer which may only recognize a few verbal
commands, a remote-site voice recognizer accessed through
a secondary link telephone connection need not be low-power
nor portable, and can handle many users. The remote-site
recognizer may also include talker voice identification
15 capabilities {(automated "voiceprint" analyses well known in
the art) to prevent unauthorized use, and such capabilities
may also be desirable in the RPU {and can be implemented,
e.g., in the RPU DSP 948) for certain applications.
Secondary 1link audio considerations: In some
20 applications, a user may not wish to transmit signals from
the ambient audio environment over the secondary wireless
link. In such cases, an auxiliary earpiece microphone which
favqrs the llbone conduction" path over the normal "air
path” between the user's mouth and ear can be used. To save
25 space, the auxiliary microphone may be housed in the same
miniature case as the primary earpiece microphone.
Alternatively, when two earpieces are used, unwanted
ambient sources can be "nulled out" in the RPU DSP 948 by
digital signal processing techniques well known in the art
30 {e.g., the equivalent of speakerphone circuitry). Note that
such binaural signal processing techniques can also provide
directivity and background noise cancellation for users
having total hearing loss in one ear and partial loss in
the other ear, as discussed earlier in connection with
35 binaural hearing aid system operation.



WD 96/ 41498 PCT/ US96/ 08248
- 48 - handsets. Note that transm ssions on the primarylink-14

between the earpiece and RPU use extrenely | ow power |evels whi ch ar
not "known to pose any health risk (see the M crowave Radi ati on Hazard

section of "yebghpsee Data for 5 Radio Engineers"” and ANgh/dssébsaes
C95.1-1991 for specific recomendations). Alternatively, a separat
cel lul ar t el ephone transcei ver not physically integrated with the

RPU can be worn on the user's wist or ankle and
RPU in the user's pocket (which in turn 10

earpieces) via a wired or wireless two-way link as shown, e.g., in lin
18 of FIG 1. It will be clear tot e skilled in the art that any

nurrber of such I|n cab b‘EeHEEdghg ?‘fgggﬁge'ltnvkﬂﬁfon aPP&H&t hQBrPhgthi s .
i nvention, and i s u5| ess transm SSI on rredl a
(e.g., i nfrar éd’s(‘}ﬁ teihe ed viz,fher pRERLIRG OTPAALBIURELRY ERecan -

W red connect usex, w:.thout the need for additional expensive test
equipment. All signal generation capabilities necessary to
perform hearing tests are available in the hearing aid
system comprising an earpiece 10 and RPU 16. Specifically, . '
the RPU DSP 948 can be used to generate tones of varying
frequencies and amplitudes, as well as other signals known
to- be useful for hearing test purposes (e.g., nonsense

10 syllables) that are converted to acoustic waves by the
earpiece.

conmmuni cate with an
conmmuni cates with one or nore-

Such tones are used to perform a hearing test
that determines appropriate gain vs. frequency parameters
for a program stored in the RPU DSP 948 that performs
signal enhancement to compenéate for the user's hearing
loss. Note that the hearing test program that controls the
RPU DSP 948 during the hearing test can be temporarily
stored in the RPU DSP 948 for the duration of the test,
then deleted upon completion of the test to allow re-use of
RPU DSP 948 memory resources during normal operation. The

hearing test program may be loaded into the RPU DSP 948
through the secondary wireless 1link 944
peripheral link 950.

15

20

or a wired

Cochlear implants: Features previously described for
the full featured preferred embodiment of the hearing aid
with wireless remote processor including, if desired,
communication via a secondary link, can also be implemented
in a wireless cochlear implant system as shown in FIG. 10.
Profoundly deaf cochlear implant patients can be provided
with a wireless system having improved performance,
appearance and freedom of movement compared to existing
wire-connected systems. Cochlear implants are almost always
monaural devices, i.e., only one ear is used for an implant
in a particular patient. Because of this, patients often
have trouble understanding a talker in the presence of
35 other talkers or background noise ({the "cocktail party

25

30



otaining solicited information: To obtain solicited I nformation, user
requests are processed in a variety of means well known in the art,
including inputs via one or 20 nore pushbuttons on the RPU and voice
recognition conputer progranms inplemented in the RPU el ectronics.

Voi ce r SWOIMI®BN can be used al nost exclusively, if JRST/PEA§08248
thereby elimnating nearly all RPU pushbutton controls. Voi ce conmands
recogni zed by the RPU can cause the RPUto 25 initiate actions such as
changi ng hearing aid paraneter settings (e.g., volune), or

activate appliances and environnmental controls (e.g., aids for the
physically handi capped) in a distri®% ed wirel ess netmork via the
secondary wireless |ink. RPU circuitry may also eq;ble user to

voi ce-dial a deEfesl” t IeddnokBOWRINDER ~ Y& p@&k1 ng atl"’1'“:5’er Fé?ﬂ %efi ned
conirands. The defbituripmadilstdng to ther exdicesd ofis dififievest ghalkebs, t he

ear pi ece 10 ang f‘ ééf g‘a{:i&‘i’ (et £F1RuREY dfen ThE Ra&é”%‘bs%ﬁ%a'&fa
| ow cost ﬂ%r- ent discrefe-utterance ié;te -vocggu séy 35

voi ce recognizEPmEﬁ %* o 1 2R%i RECKSF VP RPIRS! |
96/ 41498 5 problems, a user 100 is equipited UBdth 0&24Bair of CIC

wireless hearing aid earpieces (left 10' and right 10"), an
RPU 16 and wireless BTE implant electrode driver unit 104
(which is not necessarily imperceptible to a casual
observer). Note that a system using only one earpiece is
10 also possible, but a more generally applicable system that
uses two earpieces is described here. The driver unit 104
contains transceiver circuitry similar to that used in an
earpiece 10 transponder (see FIG. 11}, with differences as
noted in the following, and eléctrode driver circuitry 112
15 well known in the prior art for driving the cochlear
implant electrodes 113. Speakers 15 in the left and right
earpieces serve no purpose in the cochlear implant
application, as the user is profoundly deaf, and may be
disconnected to conserve power. An interrogation RF signal
20 travels on a path 106 from the RPU 16 to the left earpiece
10', and the same interrogation RF signal travels via
another path 109 from the RPU to the driver unit 104. The
left earpiece 10' is responsive to a specific address bit
pattern contained in the interrogation, as explained
25 earlier, and the driver unit 104 is also responsive to the
same address. Audio and auxiliary data bits in the
interrogation are received simultaneously by both the left
earpiece 10' and driver unit 104. The left earpiece 10'
uses the received interrogation data bits to compute a
30 parity bit for the subsequent reply, while the driver unit
104 uses the interrogation audio data bits to drive the
cochlear implant electrodes and the auxiliary bit for
synchronization, as described later. The left earpiece 10’
transmits a reply in response to a properly addressed
35 interrogation, if said interrogation has an L/R



- 49 - and ot her sinple functions such as hearing aid paraneter
control. Such voice recognizers conprising a single i nt egr at-ed—e++etr

are well known in the art, and can be attached to the DSP 948 as a-
peri pheral 950. Alternatively, 5 t he voi ce recognition function can be.
per f or mred bywossspise - 948 itself. \Wen the. proper ver batrosvsmens
sequence i s recogni zed, the RPU nakes an appropriate connection to th
t el ephone systemvia the secondary wireless link circuitry 944. A
t el ephone connection may be made between the RPU and 10 cellul ar,
satellite, or other fixed or nobile resources. In ener gency
situations, the system nmay automatical lyggial an appropriate
energency service (based on information previ ously stored by the -

:Jser in the RAULIY7 rA48k) BEPGralue o¥0LE6§i€MMi"githak tRAwEIMiviaN paegar di ng
ocation, curr

di,gal 1 .situati (e.q. .heart Lse_rate and
nmedi cal hlﬁ o%?gl *dg?ah@t %Pe&tnlﬁn c[qug:a&&;% %§|’91§R§) alﬁﬁiédaf‘ i (Qﬁhte(g
provi di ng nor ntaukidiiasvotd ty onde Pasihvinbihl | datai duthethe drigesomamdity
wirel ess |ink 1d4 Cdokky A4 re;E y. The 19RES @it Peoi Phekahi€pyi GRs:

L\/ﬁgy senso fJ gﬁhﬁ@%%&éﬁ Sgevi ces. 950 c(e:‘__gr resid et[fatt.ached t

Fh FArPaRe ARRBPRaRE G Tt
(via inputs tothat HrR)dydregignitirididgheris keybies drigupath 110 Mxcaptcode

keys 956 or VOigerdsssiy ttbomhtéﬁr&{)a&wo%% RARE have & @peeihEldrédiékved '
unsol i ci ted 'nggagggéOQSegmaﬁfiﬁgnkhéiprocess of locating a misplaced
driver unit 104 program implemented in the RPU DSP 948 that
reduces talker variability with regard to volume level,
average pitch, pitch range and tone. The resulting
noise-canceled and normalized signal is then processed,
e.g., by a program implemented in the RPU DSP 948 to create
appropriate signals that will subsequently drive the
individual electrodes of a cochlear implant via the implant
driver 104. The number of electrode driver signals depends
upon the type of implant as well as the number of
functional electrodes in a given patient. The appropriate
signals are transmitted in the audio data field of RPU
interrogations from the RPU 16 to the implant driver 104
via path 109. The implant driver 104 then receives data
in the interrogation audio data field and converts the data
in the ASIC 111 to signals supplied to the electrode
drivers 112 used to stimulate the cochlear implant
electrodes 113 by means well known in the prior art. The
average audio data rate from the RPU 16 to the implant
driver 104 is 200 Kbits/sec. The data rate for cochlear
implants in the prior art is typically 144 Kbits/sec (12

bits/sample at a rate of 2000 samples/sec to each of 6
30 electrodes),

10

15

20

25

and this rate is easily supported by the
system described here. In the wireless cochlear implant
system, the 200 Kbits/sec data stream from the RPU 16 to
the implant driver 104 is controlled,

e.g., Dby
interrogation auxiliary 1link messages that

provide

35 information used by the implant driver 104 ASIC 111 to



25 provided from pre-stored information including tape, conpact

di sc, over-the-tel ephone services via the secondary wireless link, or
a conmerci al broadcast radio receiver. User | ocation information can
be provided to the RPU from speci al purpose transmtters at specific

| ocations in NP%MI#8i ng hone applications. Self-contai n®§FTU$e rried
I nertial navigation packages (with solid-state gyroscopes,

accel eroneters and a conpass) or a d obal Positioning System recei ver
can al so be used. Sensors for a foot sol dier RPU application may

I ncl ude many types of detectors 35 such as RF detectors (e.g., radar
detection capability), WO 96+ 49%98

PCT/ US96/ 08248 - 50-

nucl ear/ bi ol ogiseRarekeni Ehe eegRivertet serdnd, Hata arzkrenm intjopsdata
detéctors and fpedendelipCteliy, LRPEOPpaA4EIET B8tn suitable for the

electrode drivers 112 to use in driving the individual
electrodes 113. The wireless cochlear implant system is
5 compatible with the wireless hearing aid system described
earlier, and the wireless cochlear implant system occupies
the same number of interrogation/reply time slots as a
wireless binaural hearing aid system.
This completes the description of the preferred and
10 alternate embodiments of the invention. Those skilled in
the art may recognize other eqguivalents to the specific
embodiments described herein which equivalents are intended
" to be encompassed by the claims attached hereto.



warni ngs or distinctive alerting tones generated by the RPU DSP 948 are

sent fromthe RPU 16 to nd 5 ultinmately recetrved—as—autiH
signal's by the user. [l“r“ﬁmummm ﬂIFI ink applications: In foot
sol dier or fireflghtErCappll&at?oﬁb the secondary wireléess link ..
circuitry 1Womms/41498c| ude the capability to directly acces®CIUsSI&#sR4sRPU of -
ot her users, or communicate with radio "base 10 stations" for local area
net wor ki ng with or without use of t he gener al subscri ber t.el ephd
system Di gital transcei vers on the secondary |inks allow many units
to operate in close proximty, and spread-spectrumtechni ques wel |
known in.the art can be used on all linlg cprimary and 15 secondary) if -
privacy, security, |ow probability of signal i ntercept and inmunity’
fromintentional int#EARINGCAID WITH [RIRELESGS REMOTE RROCESSORonnection.with
a central human operator via the geggrdary link circurtry 19 may be
desirable in gituations reqU|r|ng real~=tT1e | anguage, 20 trans| ation and
emergency i hsth Re3TRY aldgugtem gemprising a@y pRERIeRE SRikabie-#R% i onal
force mlitarpebtpgradrwrst the hebldtef taaiser) apd acprocwsscrucnias
firefightigng, it i e conpletely hide the hearlng ald
system and a ?/?g?b?e gé e ﬁﬁni‘agl%&accept able. 25

conput er- appl i cat P0|"P§-°r°1PH@neCGPrﬁP%$+% &P agnfirst sopng e%@“iotb\?th an

RPU 16 can beensd¢donmeht cupoésent eqﬁame inputorgflitsaidomicpephonal togit al
assistant” in ?BQde”étf§¥§¥;electrlé %g§ggfs in a practically theft- prooJ

system The system tates gpeech transl| ation of 3

electronic mail 38 HeEShg¥irghess a%n%é’riérl MQr REEVHR | & r £d8BRed via

t he lGecoradeleski tkansl gyiencincdedyondre PYADEPEDdE eVeicteieall
signal,

a first wireless receiver to receive a second wireless
transmission to generate a second electrical signal, said
second electrical signal being an enhanced version of said

15 first electrical signal,
a speaker transducer responsive to said second

electrical signal to convert said second electrical signal
into a second sound;

said processor unit comprising,

20 a second wireless receiver responsive to said first
wireless transmission to provide a third electrical signal
that is a replica of said first electrical signal,

' a signal processor responsive to said third electrical
signal to provide a fourth electrical signal, said fourth

25 electrical signal being an enhanced version of said third
electrical signal,

a second wireless transmitter responsive to said
fourth electrical signal to provide said second wireless
transmission of said fourth electrical signal, said second

30 electrical signal being a replica of said fourth electrical
signal.

2, The hearing aid system of claim 1 wherein
said earpiece and said processor are remote from each
35 other by being separated by a distance no greater than the

s Sheet Has Been Replaced
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nmessages and pagi ng servi ' ccommodat ed by the system
via the secondary wirel ejﬂ@l@ﬁﬁm% I EIFry, with both digital data
[ S .

and .speech signal s excha the RPU and a renote-site

conputer. The RPU DSP 948 can WO 96/ 41498

PCT/ US96/ 0824¥0 96/41498 - 51 - PCT/H$34{08248 | y
generate tones so that a vocalist using the I nvention can produce a
desired pitch without the need for an external reference such as a
pitch pipe, and the secondary |link capabilities can.allow pronpting
for actors 5 and public speakers. |If connection to a renpte-site
conputer is desired for database access; % ki ghly capable

| ar ge-vocabul ary voi ce recogni zer can be used at the renote siteto
process i nconi RGXABEMR Faak)ifalCOMBYBL CR EEOR SANI®ar v wireless link. Note

that unlike the linted-capability RPU 10 voice recogni zer which may only
recogni ze a few Vepl3earing aid system of claim 1 wherein .
’ said earpiece comprises a left and right earpiece,
5 each left and right said earpiece producing a left and
right said third signal, respectively,
said signal processor being responsive to left and
right said third signals to provide left and right said
fourth signals, respectively,
10 left and right said earpieces beirig responsive to left
and right said fourth signals, respectively.

4. An earpiece suitable for being worn at the head of a
user comprising, ’

15 a microphone responsive to a first sound from the
environment, present at the input of said microphone, to
provide a first electrical signal,

a wireless transmitter to provide a first wireless
transmission in response to said first electrical signal,

20 a wireless receiver to receive a second wireless
transmission to generate a second electrical signal, said
‘second electrical signal being an enhanced version of said
‘first electrical signal,

a speaker transducer responsive to said second

25 electrical signal to convert said second electrical signal
into a second sound

5. The earpiece of claim 4 comprising,
a housing suitable for insertion in an ear canal, sid
30 microphone, said wireless transmitter, said wireless
receiver and said speaker 2all contained within said
housing.

This Sheet Has Been Replaced
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commands, a renote-site voice recogni zer accessed through a secondary
|l ink tel ephone connection need not be | ow power nor por t-able—e

handl e many users. The l ‘ Laecogni zer may al so include tal ker'
voi ce identification 15 mm mm m lll utomated "voi ceprint” anal yses
wel | known iwoosidi498 he art) ¢t otpr®vent *unaut hori zed use, PaINENIIS248

capabilities may al so be desirable in the RPU (and can be inpl enente
e.g., in the RPU DSP 948) for certain applications. Secondary
link audio consi derati ons: In sone 20 applications, a user may not
wish.to transmt signals from t he anbi ent audi o environnment. over the
secondary w rel ess link. I'n such_cages, an auxiliary earpiece '
m crophone whi ch favors the Iibone conduction” path over the normal
"air pat B, bRt vesghleae UsblantOWystend eafpidinge HAcdeadpidswe 25

space, t-he au e Qu I et h ure -
case as the p?h%%yea%% %%gg% c?%%h%n t% i%ggl ?%r%g’tszgél 9 ng% ?/é) '
ear pi eces ar eubdbdandnamnelertrodeadipizar voifk ceeitelebfornbeing Wrn in th
RPU DSP 948 bht thedhgac_yaéfsd a@ak, processi ng techniques well known in t he

art 30 , § egul val.ent of sgeakerphone circuitry). Note that
such bina sign f gr%%%%’sﬂ‘%‘?gcf’% ﬁ?iﬂﬁa’s can al so provide _
directivi ty and bagkgmigmarhonge reaspensiae ortd ora usspund fromyvi blyet ot al -
hearing | oss ichvaR8nfidht ANPrdsddt alt |@ss irﬁmt of 43 dOiekofAbneASto

g:ozcr:gts;sgg ear |p| rigd CO?{‘%&{'& c\%nncﬁ sid gftural hearing ald system

a first wireless transmitter to provide a first

wireless transmission in response to said first electrical
signal,

10

said processor unit comprising,

a first wireless receiver responsive to said first
wireless transmission to provi&e a second electrical signal

15 that is a replica of said first electrical signal,

a signal processor responsive to said second
electrical signal to provide a third electrical signal,

a second wireless transmitter responsive to said third
electrical signal to provide a second wireless transmission

20 of said third electrical signal,

said electrode driver unit comprising,

a second wireless receiver to receive said second
wireless transmission to generate a fourth electrical
signal, said fourth electrical signal being a replica of

25 said third electrical signal,
an electrode driver resPonsive to said fourth

electrical to provide signals suitable for stimulating
cochlear implant electrodes.

30 7. The cochlear implant system of claim 6 wherein
said earpiece comprises a left and right earpiece,
each left and right said earpiece producing a 1left and
right said second signal, respectively,
said signal processor being responsive to left and
35 right said second signals to provide said third signal.
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-52- Heari ng te esent invention allows hearing tests
to-be performed via the e EUE”I q wor n by the user, w thout the

need for additional expenstve I pent . si gnal _gen ratlon
capabi | i ti es WRUMAEW v (o 5 perforn1%ear|ng tests are avalcgﬂq

hearing aid system conpri sing an earpiece 10 and RPU 16. SpeC|f|caIIy,
the RPU DSP 948 can be used to generate tones of varying frequenci es
and anplitudes, as well as other signals known to be.useful for hearing
test purposes (e.g., nonsense 10 syllables) that are converted to
acoustic waves by the earpiece SuehSPomes are used to performa
heari ng test t hat determ nes appropriate in vs, frequency parameters
for a program&t dFe§leFtrade Fixs 183pLyis FH%\F“S@? fmelngq@?ﬂhé}tp the

enhancenent t cheamhpehsausetocompeigisey,' s hearing 15 loss. Note that the
fost can be t ompor 2 M e1eieeBelvbb Ceapan i E Faoarr i i A of
the test, transmission to generate an electrical signal,
5 an electrode driver responsive to said electrical
signal to provide signals suitable for stimulating cochlear
implant electrodes.

8. The hearing aid system of claim 1 wherein said signal

10 processor comprises selected ones of a plurality of means
for generating electrical representations of artificial
voice signals and other sounds, means for entry of Morse
code data, means for entry of data from a keyboard, means
for data entry using voice recognition, means for wired

15 communication with other devices, means for wireless
communication with other devices, means for frequency
dependent amplification, means for multi-band amplitude
compression, means for adaptive gain control and means for
acoustic feedback reduction,

20 means for selective activation of said selected ones
which are responsive to said third signal and means for
selective activation of other selected ones, both for the
purpose of generating said fourth signal.

25 10. The hearing aid system of claim 3 wherein said signal
processor comprises selected ones of a plurality of means
for generating electrical representations of artificial
voice signals and other sounds, means for entry of Morse
code data, means for entry of data from a keyboard, means

30 for data entry using voice recognition, means for wired
communication with other devices, means for wireless
communication with other devices, neans for
frequency-dependent amplification, means for multi-~-band
amplitude compression, means for adaptive gain control,

35 means for acoustic feedback reduction, means for competing

This Sheet Has Been R
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t hen del et ed upon conpleu !hfﬁ the test to allow re-use of RPU DSP 948

menory resources during n 1"mtn,ﬂ The 20 hearing test progra YR
be | oaded into the RPU DS uu the secondary wireless link
Feat ures

or a wred peri pheral 1ink d50" s Cochl ear i npl ants:
previ ously oesesadléesd f or the full featured preferredpenusobiosmat of th
| f- desired,

hearing aid 25 wth wireless renote processor including,

conmmuni cation via a secondary link, can also be inplenented - in-a. = ..
wi rel ess cochl ear inplant systemas shown in FIG 10. Pr of oundl y deaf
cochl ear inplant patients can be provided with a wirel ess system

havi ng 1 nproved performance, 30 appeaggnge and freedom of novenent
conpared to existing Wi re-connected systens. Cochlear inplants are

al most al waystalker MONEHGH11d@YbASS, hedhs OFoy 0”%a@ﬁ§rb§n&|sech61%re an

i mpl ant ul tient use_o ients aoften . -
have troubl e u%ﬁ P‘@ar%’ 4] %ea?%I l?é'} hﬁggﬁg pPJégg%%%mcﬁ‘ r§% Bt al kers
or backgroundPHBV§§4nqtQH§1°b§éKF§Pi°ﬁi##§Yr WO 96/ 41498

PCT/ US96/ 08248 means for selective activation of said selected ones

5 which are responsive to left and right said third signals
and means for selective activation of other selected ones,
both for the purpose of generating left and right said
fourth signals.

10

11. The cochlear implant system of claim 7 wherein said-
signal processor comprises selected ones of a plurality of
means for generating electrical representations of
artificial voice signals and other sounds, means for entry
of Morse code data, means for entry of data from a
15 keyboard, means for data entry using voice recdgnition,
means for wired communication with other devices, means for
wireless communication with other devices, means for
adaptive gain control, means for competing talker
cancellation, means for background noise cancellation and
20 means for providing audio directionality,
means for selective activation of said selected ones
which are responsive to left and right said second signals
and means for selective activation of other selected ones,

both for the purpose of generating said third signal.
25

12. The hearing aid system of claim 1 wherein said
processor unit further comprises

a visual indication means, said +visual means

responding to the presence of said third signal to provide
30 a display.

13. The hearing aid system of claim 1 wherein said
processor unit further comprises

means responsive to the presence of said third signal
35 after a predetermined duration of absence of said third
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- 53- effect” well Ifm | art). Patients al so have difficulty
adjusting to the voices W””F”’BE'”&HM;HS maki ng conversation
difficult even in the ab3ente ol y "* eting tal kers and background

noi se. To combat these 5 problens, a‘user 100 is equipped with a pair of
ccC wi r eMQWM4148, i ng ai d earpieces (left 10'° and ri ght PEBAUSIEA RPU
16 and wirel ess BTE i npl ant el ectrode driver unit 104 (whichis not
necessarily inperceptible to a casual observer). Note that a system
using only one earpiece is 10 also possible, but a nore generally

appl i cabl e systemt hat uses two earpieces is described here. The driver
unit 104 contains transceiver circei ly=-simlar to that used in an

ear pi ece 10 transponder (see FIG 11), with differences as noted in the
fol | owi ng, and®¥gnaeh tderavidera (Gistinativel said fowrth BAeRALin the prior
art for driving the cochl ear i npl ant el ectrodes 113. Speakers 15 in
the left and rq ght i S e 0 i ;e cochl ear inplant
appl i cation, aisg’c hTélqugF%?égpg%?Qs&ﬁsg{%n (?gglf:?g%ﬁdfﬁ?%l&oeég _di sconnect ed
to conserve power. S84 rRaERIGGEt iien SR eftgfab2deing £pSPONSAVE ot R 106

erF om t heI RPU 1c€t|>de£d tgearticht ofaéﬁ&(?siécor?d gliQ;?leQthi&t%nﬁaﬁﬁohEt errogation
Toa The | Tere So e iBbl bRl hrbwlding e lE Todel? didial T
pattern cont aiFRkRSth 3did | eaxpiengatarsh therebiplalileed segd eaxpiese, tand t he
driver unit 1Qbnnfurflca®e’ @3RANSANE Proddi®or unit,
said coded signal allowing said earpiece and said
10 processor unit to operate without interference from
proximate similar earpieces and similar processors having
different coded signals;
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sane address. Audio anﬁ liary data bits i he

d | l ”m " 'l I n 16nterrogat|on are
recei ved simu taneousL lw ﬂ" %L ﬁhe ocel earpl ece aTTver Ut Hl

104. The left earpiec " ved interrogation data bits:
to conpute a 30 parity b|t for t he subsequent reply, while the driver uni
104 uses t hayosg/a4980gati on audi o data bits to drive the pcrusssaBlasar
I npl ant el ectrodes and the auxiliary bit for synchroni zation, as
described later. The |left earpiece 10 -8 ~transnits a reply in respons

;(r)\. a E/r %per | y addressed 35 interr O%EtilD%B’CLAIhilg said - interrogation _'_hg
PCT/ US96/ 08248 [recelve\ﬁobgﬁch n%grnatmnal Bureau on 15 O A)ber 1996 ( . %)r ght) .
bit val ue of | ogi Cr:.glm,al cﬁa%mst ?;Jv“er%“%eé B%\tnﬁw Clalﬁt %1 (Hu? %égj 16 and’ .
contai ns” anbitent A uringadid spstdde Eomprising Ak eaipicet Yuilible o Beifig Wotryat!thd eadat a,
bUt the dri V%E‘altjxgér,t and a processor unit,
. said earpiece comprising,
5 " a microphone responsive to a first sound from the environment, present at the
input of said microphone, to provide a first electrical signal,
a first wireless transponder to provide a first wireless transmission in response to
said first electrical signal by modulating energy from a wireless interrogator,
a first wireless receiver to receive a second wireless transmission to generate a
10 second electrical signal, said second electrical signal being an enhanced version of said
first electrical signal,

a speaker transducer responsive to said second electrical signal to convert said
second electrical signal into a second sound;

said processor unit comprising,
15 a second wireless receiver responsive to said first wireless transmission to provide
a third electrical signal that is a replica of said first electrical signal,
a signal processor responsive to said third electrical signal to provide a fourth
electrical signal, said fourth electrical signal being an enhanced version of said third

electrical signal,
20 said wireless interrogator being responsive o said fourth electrical signal to
' provide said second wireless transmission of said fourth electrical signal, said second
electrical signal being a replica of said fourth eiecttical signal.
2. The hearing aid system of Claim 1 wherein
25 said earpiece and said processor are remote from each other by being scparated

by a distance no greater than the maximum usable communication range.

3. The hearing aid system of Claim 1 wherein
said earpiece comprises a left and right earpiece, each left
30  and right said earpiece producing a left and right said third signal, respectively,
said signal processor being responsive to left and right said third signals to provide
left and right said fourth signals, respectively,
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104 does not reply. The ' ' ircuitry is 5 slightly different
from ear pi ece transpondemmlmmﬂmnmmﬂlr that the driver unit 104 never
replies via path 110 except ¢ t it response to interrogations that have a
speci al reserved address used during the process of locating a

m spl aced WEIEHHEPE unit 104 programinpl emented in the RPECTIUPS6HEMSt hat
10 reduces talker variability with regard to vol une | evel, aver age
pitch, pitch range and tone. The resultrTE?" noi se- cancel ed and
normal i zed signal is then processed, e.g., by a programinplenented in
the RPU DSP 948 to create appropriate signals that will subsequently

drive the 15 indi ydeigle ¢ 5“*@5&5 : rEs‘ﬁBﬂh Ifi(?ﬂd l; s;'émlhant
driver 104. The nu‘r er g%gﬁ{efag:tr e g’rhlnger SI g‘%g{)éé epen gyd@f&ﬂ%on t he

type of inpl amespegtivelyt | as t he nunber of functional electrodes in a
gi ven patient. The appropriate signals are transmtted in the audio
data field of RPU 20 interrogations fromthe RPU 16 to the inplant driver
104, vi a @at h 2BRearing didesystem| contprisingver 104 t hen receives data in
t he intergigatiorl audi o.data field and converts the _.data in the:ASIC

111 to sighals supmﬁ?ﬂw pptig aves into gleptncal signals, gud, for, converting| o1 o

the cochl ear isiigl élévirickd sighale it QGG Wavky/ saidocbnverhg mieBM\urther intfudiigl OF
art. The average audi o data rate fromthe RPU 16 to the inplant .

driver 104 is %8 fQy teapsmitting sayd glectrica} signaly viaafursy wigstess commupications nk 1,
the prior art b&&nédﬁmtﬁglehé(?yl%nm bits/sanmple at a rate of

2000 sanpl es/séc to each of 6 30 elecCtrodes), and this rate is easily
supported by the meanss{ort pracessing rsalde gleptaical. signals: reseivpd aiae said cfinsh wargless

inplant g0 YYmbfifcalibs AR Hid nkitded 5600 G Rals i6 BOcbesAT ikfs fERhkrifciiding
said interrogator for transmitting said enhanced audio signals back to said converting
means via said first wireless communications link, said processing means further
including a second communications link with a source other than said converting means.

15 5. Hearing aid system according to Claim 4, wherein said processing means produces
said enhanced audio signals according to a hearing impairment of a user.

6. Hearing aid system according to Claim 4, wherein said converting means includes
a microphone for converting said acoustic waves into said electrical signals, a speaker for

20  converting said electrical signals into acoustic waves, and wherein said transponder is a
wireless transceiver.

7. Hearing aid system according to Claim 6, wherein said converting means is
configured for insertion into a human ear canal.

25
8. Hearing aid system according to Claim 6, wherein said converting means is
configured as a cochlear implant.

9. Hearing aid system according to Claim 4, wherein said second communications
30  link is a unidirectional link for providing text to speech translation.
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the inplant driver 104 IS controlled |nterrogat|on
auxiliary link messages that m“mﬂ‘“w‘ ﬁ!w@ﬂ!lmat ion used by the .2

i npl ant driver 104 ASIC 111 to '
PCT/ US96/ 08248

: ' - 55 - ate th
recei ved seMAP¥H4®E, streaminto data - present ed, f‘ﬁs§&g '

e. g rall el
formsuitable for the el ectrode driggeLs 112 to use in drivi ng the

i ndi vi dual el ectrodes 113. The wirel ess cochlear inplant systemis’
conpatible with the wireless hearing aid system descri bed earlier, and
the wireless cochlear inplant system occupi es t he sane nunber of '

i nterrogati onls epHgaringnid Systin® actbrding to Claii 4e6vﬁe“remtuaiamu cofrunit@tiéisd
system

Tth ponp[ tes t he description Qf the preferred and 10-
al ternate enfiBbitd g\‘ﬁ"ﬁﬁl’\‘g | omny ons nefyyor

t may
recogni ze ot her eqU|vaIents to the specific -

- 11, Hearing aid system according to Claim 4, wherein said second communications
5  link is a wireless link.

12.  Hearing aid system according to Claim 4, wherein said second communications
link is a wired link.

10 13. Hearing aid system according to Claim 4, wherein said processing means is
programmed by voice commands transmitted to the processing means via said first
wireless communications link,

"14.  Hearing aid system according to Claim 4, wherein said processing means further
15  includes:

means for keyed entry of coded data.

15.  Hearing aid system according to Claim 14, wherein said coded data is morse code

data.
20
16.  Hearing aid system according to Claim 4, wherein said processing means further
includes: _
means for generating at least one of an acoustic locator tone and a visual locator
display.
25

17.  Hearing aid system according to Claim 4, wherein said converting means further
includes:

means for generating an acoustic locator tone.

30 18. Hearing aid system according to Claim 4, wherein said con§erﬁng means further
includes: '

i @t least one of a radio frequency antenna and an infrared fiber optic cable
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enbodi nents descri bed herein which equivalents are in

to be
enconpassed by the clains attached her(ﬂmmﬂu l “ ‘m\ﬁ
-56- What is clained is: ystem conpri sing an

earpi ece suitable for being worn at the *hedd of a user, and a processor
uni t, VQPE4M8% pi ece conpri si ng, a ni cr ophone ‘F‘E‘é&? to a
fi rst sound fromthe environment, present. gé the input of said m crophone,
to provide a first electrical si gnal a first wireless reflective
transponder to provide a first wireless transm ssion in response to said
first electrical signal by nodul ating energy froma w reI ess | nterrogator,

a first wrel Eﬁﬁi(#fé&eds‘é mﬁ]?z& el o8 halr \Ma{,,g% ?&*Exﬁ%é
generate a second el ect%?c signal, said second electrical signal be| ng an

enhanced ver s¢onveringsmeans fiomsan ear canal.i cal si gnal . a speaker
transducer responsive to said second electrical signal to convert said
second el ectrical signal into a second sound; sai d processor unit

conpri sig, 19.  Heaningonil \systeh esxording:i toe Claims goneherein t said aficst f wireless
W rel ess tgansm ssi.on.t Vi ird el i C gnal that is a
replica o# ?‘H”g?rh ?é‘@{‘?’l’%&?‘%‘bﬁs‘l &Catﬁmitaigﬁﬁ processor
responsi ve to said third electrical signal to provide a fourth
20, Hearing aid system according to Claim 4, wherein said converting means is a
monaural earpiece.

10 21.  Hearing aid system according to Claim 4, wherein said converting means includes
binaural earpieces.

22.  Hearing aid system according to Claim 4, wherein at least one of said converting
means and said processing means further includes:

15 : plural antennae to accommodate transmission path losses within said wireless
communications link,

23.  Hearing aid system according to Claim 4, further comprising:
means for automatically placing said converting means into a self-contained
20  hearing aid default mode upon loss of said first wireless communications link with said

processing means.

24. Hearing aid system according to Claim 4, wherein said first wireless
communications link is a radio frequency link.

25 _ ,
25. Hearing aid system according to Claim 4, wherein said first wireless
communications link is an infrared link.

26. Hearing aid system according to Claim 4, wherein said first wireless
30 communications link is an ultrasonic link.
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electrical signal, said fourth electrical signal being an enhanced ver5|on
of said third electri cal mﬂ““uu‘m ‘“JS&I d wireless interrogator being *3
responsive to said four “ﬂm nal to provide said second wirele

transni ssi on of said fourthtelecttical “si gnal , said second el ectrical ' :
si gnal beingW@%/#&#P8 ca of said fourth electri cal si gnal . PCI/USI6R824par ar’
for wireless comunication conprising: . gg . nMeans for converting acoust
waves into electrical.signals, and for converting said electrical signals

i nto acoustic waves, said converting neans-further including reflective
transponder means for transrn'tti ng said- el ectri cal signals via a first

Wi rel ess conmgguni M §J§ rhgcordm% 4 OLnBefiC &S| ﬁgstsﬁirglss

el ectrical si gna s recelved via sal 'fpl rst w r’eI ess conmuni cations lin
i nto processcwmmugications linkds aonicrowavesligk.t i ng sai d processed si gnal s back
said converting neans via said first wirel ess communi cations |ink.
57 3. Appar atus according to Claim2. wherein said processing neans

further incl lﬂ&'s Hearsing aiddystemmaocording tooTlaim 4, Whdrein sait processing aneans further
conmuni catsl ng h . a source other than said converting neans. 4.

Appar at us acc’&? g to any of the preceding Clainms 2 or 3, wherein sai d
reflective transpneaeforPedonihg aimI¥ith Reabing tsCloPedgrarh did Prodérsing mielins for

nodul ati ng ener from.a
g pto%mg 4 eE'ectncal signals into said enhanced audio signals.

29. - Hearing aid system according to Claim 4, wherein said processing means further
10  provides binaural directional noise cancellation.

30. Hearing aid system according to Claim 4, wherein said electrical signals are coded
with an address of said converting means.

15 31, Hearing aid system according to Claim 4, wherein said converting means outputs
said acoustic waves via a bone conduction path.

32. Hearing aid system according to Claim 4, wherein said processing means further
includes:

20 an additional means for converting electrical signals into acoustic waves.

33. A hearing aid system earpiece comprising:
a microphone for converting acoustic waves into electrical signals;
a speaker for converting said electrical signals into acoustic waves subsequent to
25  remote enhancement of said electrical signals; and
a transponder for transmitting said electrical signals via a first communications
link by modulating energy from an interrogator.

34. Hearing aid system earpiece according to Claim 33, wherein said first
30 communications link is a wireless bidirectional communications link.
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I nterrogator, and V\/nerelnmﬂn“ﬂ' means further includes an
interrogator for trans ’mmﬂm ssed signals back to said
converting means. : Appar aruss ac rding to any of the preceding
Clains 2-4, further |ncI udi ng: nmeans for receiving an audi o commnd
for voice actWQa¥##9%r ogrammi ng sai d processing means via SEEHUY

W rel ess communi cations |ink. 6. Appgy at us according to any of the
preceding Cains 2-5, wherein said processing nmeans processes said

el ectrical signals, received via said first wireless comuni cations |ink

I nt o enhanced audi 0 si gnal s of a hcaring aid systemfor transm ssion back
to said convensi NgHERHMSaid Acdriing 6 CRAMI 30 Wittrdf Yaidf trdnSgonder
preceding d ains 3-6, vvhere n sal second com‘rum cations link is a

bi di r ect i onal comprises @ leastione PFa imicrowaventransmitter @ndhan infemed FaSEEESNs net wor k.
8. ° Apparatus according to any of the preceding Claims 2-7, wherein said
processing neans i-s programed by voice conmands transmtted to the

prqce55| ng ne8fs vAdmmgialﬂlsystem\mgnallmsrmmpnmngl ons link. 9.

Appar at us accordin n he pr.ecedi 29 c n_sai
Convert i nd moans. { MERRP! Ypisesbe Beobbee™sigdalldpcen@l F etfsrteat MRRAS KimE Rt o .
antenna and aearpitbe siacafifst ndrelesp tommonibations tink ol enfthnel audio siphats, eatld $orr and

o TP i S e i Vil Sl o o

said remote earpiece; and

a second communications link for communicating with a source other than said
10  remote earpiece.

37. A hearing aid according to Claim 36, wherein said second communications link is
a wireless link,

15  38. A hearing aid according to Claim 36, wherein said second communications link is
a wired link.

39.  Apparatus for wireless communication comprising:
means for converting acoustic waves into electrical signals, and for converting
20  said electrical signals into acoustic waves, said converting means further including a
ﬁ'ansponder for transmitting said electrical signals via a first communications link by
modulating energy from an interrogator; and
means for processing said electrical signals received via said first wireless
communications link into processed signals, said processing means further including said
25  interrogator for transmitting said processed signals back to said converting means via said
first wireless communications link.

40.  Apparatus according to Claim 39, wherein said processing means further
comprises:

30 a second communications link for communicating with a source other than said
converting means.
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means from an ear canal. Apparat us according to any of the

T S AT, ey

Apparat us according to anycoftthe preceding O ains 2-10, wherein at l.east:
one of sai d wossemMss ng means and sai d processi ng neans f umpdrarseéeszéaudes:
plural antennae to accommbdate transm ssign path | osses wthin said :
Wi rel ess conmmuni cations |ink. 12. Appar at us according to any of t he
preceding Cains 2-11, further conprising: means for automatically
placing said converting neans into a self-contained hearing aid default
node upon | o of sal flrstvm el.es ni cat.i on I nk W t.h s

processi ng nég‘n g’t@?‘"&éﬁ’o sf"g cgﬂ o iidh e

wherei n sai dwmmﬁbﬂgfmmgfmgybam provi des binaural directi onal noi se
cancel | ati on.

42.  Apparatus according to Claim 39, wherein said converting means is configured
5  as acochlear implant system.

43.  Apparatus according to Claim 39, wherein said converting means includes a |
microphone for converting said acoustic waves into said electrical signals, a speaker for

converting said electrical signals into acoustic waves, and wherein said transponder is a
10 wireless transceiver.

44.  Apparatus according to Claim 40, wherein said second communications link is a
wireless link.

15 45.  Apparatus according to Claim 39, wherein said processing means is programmed
~ by voice commands transmitted to the processing means via said first wireless
communications link.

46.  Apparatus according to Claim 39, wherein said processing means further includes:
20 means for keyed entry of coded data.

47.  Apparatus according to Claim 39, wherein said processing means further includes:

means for generating at least one of an acoustic locator tone and a visual locator
display.

48.  Apparatus according to Claim 39, wherein said converting means further includes:
means for generating an acoustic locator tone.

49.  Apparatus according to Claim 39, wherein said converting means further includes:
30 at Jeast one of a radio frequency antenna and an infrared fiber optic cable

configured as a simulated strand of hair which also serves as a means for extracung said
converting means from an ear canal. -
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14. A hearing aid syst em earp| ece corrprl si ng a m crophone for

converting acoustic vvaveﬁ"lﬂ“ Iﬁﬁﬂ“ L Si gnal S; a speaker for

converting said electric mg lm coustic waves subsequent to renote
enhancenent of said electtical 'si§nafs;* and a reflective transponder
for transm t WOMIBd el ectrical signals via a first comuMCTaISPeNE48 | nk by
nodul ating energy froman interrogator. . §d.- A hearing aid system signal
processor conpri sing: means for processing acoustic signals received

as electrical signals froma renpote earpiece reflective transponder via a
first wireless conmmunications |ink into enhanced audi o signals, and for

transmtting sgaidy ‘d@'tﬁnﬂﬂ%b%ﬂiaﬁlco‘ﬁ%rﬁngﬁx&&éhcmd ifvantal

conmuni cat i ons I|n to sald renote earpiece; a secon

communi cat i onearpieee’. f or si mul t aneous conmuni cat| ng with a source other than
said renote earpiece. 16. Apparatus for wrel ess conmuni cation

conpri si ng: means for converting acoustic waves into el ectrical

si gnal s, and $br cAppaeatts angorslimigdodTlsiot 39, swberein afriedst onedfsaidoonesriing meanss,

sai d COI’IV%F'[I n *gaans fu.rther i c) udi nﬁ neans for transmtting said

el ectri cal ﬁ'ﬂ‘ Somuni cations |ink: and

neans for IOFOCGSSlﬂm%ﬁnﬂe%tmmwsﬁuisﬁﬁepm%swawﬁlﬁh(imﬁl\frﬁéless
Wi rel ess communni cati ons Jdink into processed signals, and for transmtting

sai d pr ocessefPRPYHeAtONS)

52.  Apparatus according to Claim 39, further comprising:

10 means for automatically placing said convertiné means into a self-contained
hearing aid default mode upon loss of said first wireless communications link with said
processing means.

53.  Apparatus according to Claim 39, wherein said first wireless communications link
15  is a radio frequency link.

54.  Apparatus according to Claim 39, wherein said first wireless communications link
is an infrared link.

20 55. Apparatus according to Claim 39, wherein said first wireless communications link
is a microwave link.

56. Apparatus accordmg to Claim 39, wherein said processing means further includes:
means for performing an in situ hearing test to program said processing means for
25  processing said electrical signals into enhanced audio signals.

57.  Apparatus according to Claim 39, wherein said processing means further provides
binaural directional noise cancellation. '

30 58. Apparatus according to Claim 39, wherein said electrical signals are coded with
an address of said converting means.
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-59-  to said converting nmeans

said processing nmeans s ting power to said converttrgTrea e
via said first wrel \‘%Wm)ﬁ l'ink. 17. A net hod of i rrprov| ,g :
audi o commruni cati on arirmg {npai red indivi dual s conprising the step

of : |IW¢§m]a§sng an area in a vicinity of an ear of rCisIéses

|rrpa| red person with a presel ected carrdeer signal froma renote-source,
nodul ating said presel ected carrier si gil?aT wi th environmental sound prese
in said vicinity to produce a nmodul ated carrier, transpondi ng said..
modul at ed carrier back to said renpte source of said preselected carrier .

signal, and roceSS|n sai d podul at e rrie 0 produce an enhance
audi o si gnal Per %ﬁ%ﬂ" W‘Q‘%ﬁ%ﬁgﬂﬂg& %T f”é‘&i“?“ﬁe’?agﬁpeﬁs(ﬂ ufputsy,

18. Appar atggiy &6&%@0&0& ﬁ@a%ﬁe@éndh&ﬂbnl%ﬂ&ed' ng claims 2-13, wherein sa
converting nmeans is configured as a cochlear inplant.

60.  Hearing aid system according to Claim 39, wherein said processing means further '
5  includes:

an addmonal means for converting electrical sigﬁals into acoustic waves.

61. Apparatus for wireless communication comprising:
means for converting acoustic waves into electrical signals, and for converting
10  said electrical signals into acoustic waves, said converting means further including means -
for tfansmitting said electrical signals via a first wireless communications link; and
means for processing said electrical signals received via said first wireless =
communications link into processed signals, and for transmitting said processed signals
back to said converting means via said first wireless communications link, said processing

15  means supplying operating power to said converting means via said first wireless
communications link,
62. Apparatus according to Claim 61, wherein said processing means further
comprises:

20 a second communications link for communicating with a source other than said
converting means.
63.  Apparatus according to Claim 61, wherein said converting means is an earpiece
of a hearing aid system.

25

64.  Apparatus according to Claim 61, wherein said converting means is a cochlear
implant system.
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65. Apparatus for wireless communication comprising:
means for converting acoustic waves into electrical signals, and for converting

said electrical signals into acoustic waves, said converting means further including means
for transmitting said electrical signals via a first wireless communications link; and

" means for processing said electrical signals received via said first wireless
communications link into processed signals, and for transmitting said processed signals
back to said converting means via said first wireless communications link, said processing
means further including a second communications link for communicating with a source
other than said converting means.

66.  Apparatus for wircless communication comprising:

means for converting acoustic waves into electrical signals, and for converting
said electrical signals into acoustic waves, said converting means further including means
for transmitting said electrical signals via a first wireless communications link; and

means for processing said electrical signals received via said first wireless
communications link into processed signals, and for transmitting said processed signals
back to said converting means via said first wircless communications link; and

means for receiving an audio command for programming said processing means

via said first wireless communications link.
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WO 96/41498 PCT/US96/08248
-72 - -

67. The method of improving audio communication with hearing impaired individuals
comprising the steps of: :
flooding the area surrounding a hearing impaired person with apreselectgd carrier

signal,

5 " modulating said carrier with environmental sound received at the ear,
transponding the modulated carrier back to the remote source of said signal and
processing said modulated carrier to produce an enhanced audio signal -for

transmission to a transducer at the hearing impaired’s ear.

10  68. The method of improving audio communication with hearing impaired individuals
' according to Claim 67 which further includes separate channels for each ear.

69. The method of improving audio communication with hearing impaired individuals
according to Claim 67 wherein said carrier is selected from the frequency range between
15 300 megahertz and 300 gigahertz.

70.  The method of improving audio communication with hearing impaired individuals
according to Claim 67 wherein said carrier is infrared.
20 71. ‘The method of improving audio communication with hearing impaired individuals
according to Claim 67 which further includes the step of receiving an audio transmission

from a remote source for processing with said enhanced aidio signal for transmission to
a transducer at the hearing impaired’s ear,
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