1 FSK RECEI VER FOR A HEARI NG Al D AND A METHOD FOR PROCESSI NG AN FSK

SI GNAL This application relates to hearing aids. Mre specifically, it
relates to hearing aids 5conprising wireless receivers. Still nore

speci fi ca«,b%(%%% dpvention relates to hearing aids corg&i,&i(ﬂgmom%
frequency: shi t:7f<eyi ng (FSK) receivers. A common signal source 1n a
hearing aid is one or nore m crophones picking up acoustic sound signals
occurring in the vicinity of the hearing aid. Another conmon 10 signal
source in hearing aids is a telecoil ireceiver. Such a receiver is usually
enbodied as a tiny coil configured to pick up el ectronagnetic base band
(i.e. unnodul ated) audio frequency signals froma telecoil transmtter

sur roundi ngsk REJFFAER FORA HEARIPGIAADNAND ReMEgaeD/EOR PROBERSIOf : t he: art
hearing aids are usually designed to accept nore than one signal source
for advanced F¥neiNsHal ities for the purpose of anmplifying, conditioning
and reproducing themby virtue of the ‘hearing aid circuitry. Somne

behi nd: t he; ear (BTE) hearing ajds_have nmeans for caonnecting external 20
equi prent - LB ERRICAIERT Felilys 47 Bearpp @igst Mpre aetfcally, ERFipeTli Rraing 28 uet oot h(r)
recei ves s, conilsB vakefoss RUGler® Si@rmat sRQHICRIERE RBRRneSacOIMERicAt i on Wi th
the hearing aid In various ways; .e.g. a cable connection is usually :
provi ded fgfs ‘E"ﬁ‘é’“ﬁ’lﬁgBﬁ@ﬁﬂﬁsﬁbﬁﬂ’ﬁéﬁﬁémﬁﬁéﬂﬁeari ng aid, a FMreceiver nay
be connected for use in public address situations where a speaker is
wearing a mcrophone with a wireless FM 25 transmtter, and a Bl uetooth(r)
recei ver niyOBENGEsBEE SISt If SabFAHBE AYdF S i0f Rres MFRRPRES AbINSe R el ephone -
or the |iKgoustRNBudieiBiisealiifindhdvicRe Sf B HRarfR I, IATBHENEAAG W rel ess
receivers. Most of these wireless receiver types draw their power directly
from t Hb heenal syregiighageing wiyis a ederobresriyaly edeh aqeceher ipjususily smbedicdei ver s
known in the; ah{ cHRYodRBZdLO PidPif cdaRIRihaR e bha MeamnRguidied) battery
necessitating frequent_ 'battery changes and adding to the cost of operation
of the heatidityfraausncireignilsy diont g felscqih Frpviitit dEfeandingotisr beatippRides 2
conpri si NGeonpeieafRtéeRattery add to the weight, size and conplexity of
the receiver. A nore power:efficient wireless receiver would thus be of
great benefit to hearing aid users. 5 Power:efficiency may, for exanple,
be enhgnceglR¥rirUIChdAGnE AR 1AL BbualP Weice@ S W QO thah NBe sGMHEI VEer
circuitry. However, this should be performed w thout inpairing the noise
per f or mancevst fomrdvansed fupstonalifgschr m@@%aﬁm@*fm@w@g@@v@md qual ity.
Provi ded thabasignals o} frdi€otthanaftht higdirdligyin a digital format, an FSK
transmtter:receiver configuration, well:know to persons skilled in the
art, is 10generally preferred. FSK signals may be denodul ated in several

di fferent NRY%S veifiAEtheRAYIBIEANESRECRYs have means for connecting external
20  equipment to the hearing aid circuitry, such as FM:receivers, Bluetooth® receivers,

cables etc. Such external equipment enables communication with the hearing aid in

various ways; e.g. a cable connection is usually provided for the purpose of
programming the hearing aid, a FM:receiver may be connected for use in public

address situations where a speaker is wearing a microphone with a wireless FM

25  transmitter, and a Bluetooth® receiver may be used for streaming audio signals from

a mobile telephone or the like.

Some newer hearing aid types aiso comprise internal wireless receivers. Most of these
wireless receiver types draw their power directly from the hearing aid battery.
30  Prolonged use of wireless receivers known in the art may lead to rapid depletion of
the hearing aid battery necessitating frequent battery changes and adding to the cost of

operation of the hearing aid. Receiver types having integral power supplies



advant ages, topol ogi es and conpl exity. The denodul ators can be subdi vi ded
into several categories: FMto AM denodul ator types (e.g. Sl ope,

Foster: Seel ey and 15 Ratio), PLL denodul ators, Zero:crossing denodul ators
and Quadr r dul ators. One quadrature denodul at |1 known in
‘the art c@@%@?@%%ﬁg | ocal oscillator and two signal bﬁgﬁ%% Oﬁgﬁg?ed t he

i n: phase branch and the quadrature branch, respectively, splitting the
received signal into an in:phase (1) conmponent and a 20 quadrature (Q
conmponent. In the (binary) quadrature signal, one conponent is assigned

bi nary zero, and the other conponent is assigned binary one. As the two
signal conponents | and Q are nutual ly exclusive, a digital bitstream
consi sting Bf,RRRS: HptkakWalES ahid 1 IRPLRhE i VARNRYSIexithOr ikaaski ter is
active. Both Branches are connected to a CPU, which conpletes the

denodul at i dhmgregweweseiiicianayipdasy receyss wopkd thishe Oherewhsnels éxhearngiidi pl i er, a
filter and gegecision device. The multiplier in the in: phase branch is
connected directly to the local oscillator, whereas the nultiplier in the
guadrature branch is connected to a 90 phase: shifted version of the | ocal
osci | | atsor .poiBeenERy MR, Ofhr | katBR, fob CRHAREY b9 Nefibicind< ee e %ﬂ@k is then
decoded and utilized according to its intended purpose. 30 3 branch, each
branch consePrssigtenoinihg geceaisel Ccwitet oM. isagfeuidthtepsriogeed Withethe fir st
branch mi X‘?ﬁpéih@gtﬂh@ﬁ&gé PSfodhaRa lof We trbbelvBE wilich S6dul S8R reducoimikhe | ocal
oscillator, and the mxer in the second branch m xes the incom ng signal
with a 90 pgHYbe-Zayifedkthal sieaplpio b tamanidipd)ae ivf ¢ shigithéormgbaan B¥ei | | at or .
FSK recei vehgaih& Hdiveg chiridubRioR! Weli:kAbwn MOTfersA isRilIBC iR th Yard Ns @

mul titude of applications. However, if the available power is only snall
as is tie cesaliyprefedi ng ai ds, the effective transnission range is very
short, and reception errors, e.g. due to noise present in the signal, may
severely corrupt the quality of the received signal. Mre confident neans
of det ect i A§KtHignals| mpyabe derpeduigins Huepsd liBlerent ey Fashy haviae d8Tes8E | nruni ty
of an FSK L@CRiN&! wWibioBRYnd sinfilkity. GARdemBGIIAAS &ah be PAVRILIdEPRRYNPLI ON 'S
thus desired. A'wreless FSK receiver suitable for use in a hearing aid
accor di ng seyer feptegariegisidcto 4M dproduinies iy Pn(citaSiaphe FesgSiesleY 28dnpri sing a
first amrpl ighi@l piat &oduBtord, Fhlo@rossih@88moddlaRridrdldb¥rafife RRRIGERL eCti On
stages, and a | ookup table, the first anplifier Stage being connected to
the input of a limter stage, the output of the limter stage being split

up into a fgak aﬁadPAtM-E bbb REE khokéh InNR&ES cQhprRePh Wcal dskivia®f Phase
detection stages, the nunber 0Of phase detection stages being greater than

two, each prade dgrddrashessiengied dhrphern bragch adathe qwedriuen Bencha ni xer

- stage, a fdspRfived}, aQRutin@NHe FeCREPAURLO It bRARphdsE SPEEdhpbabM, anthe 1 nput  of
each phase detection stage formng a first input of the correspondi ng

m xer $Pagavadeden (B9 comeonsst: riasthe ibinfY) ABRIEHUTE SEETR]. A76r PTRERHY itonnect ed
to a secongssjoRRHbing, ARE a&P iH-CHRE REMPShe % GksigledPhary B, QUtRULwPT each

m xer stage being connected to an input of the corresponding filter stage,
the out put sigral éarmpenghis d jgad € pre anutadily GEIUP AglisiBhpistram cowisine Phput of the
respecti veogQRRRLabaY is eAdsted WAthAH BY rafini®RGH a8fve ! Béh GRIBRIGALOT St ages
bei ng connected to the 1nput of a | ook-up table, the output of the | ookup
tabl e for nFeigeass 1ar & CERR2 - Whighueontnigien e demodilatiop quprser: Seperalducash by t he

plural bty ghnddN3serideteelififiR: StAREnd £ORRAETILZ 98e bniphat intdRenf r equency
of each of the local oscillators is tuned to the carrier frequency of an

FSK si gnal Phepribrenshits eqraeqsidedisctinigtessloent ogciatargrhsreap deimuitiplist 9 tef the 3a

phase det egfuQfirs bARESis Rbrhcbid URh by 2098184 eRion B HNocaMSBudy. 1 S the
nunber of local oscillators. By increasing the nunber of denodul ator

branches f Fominfeipratien irhthselrequeiny:shifikeyed gignalgs dhayr dasedresandt iizedt al

bi t - r esol Ujd.QRingko fs infGeaPifReL. of discrete synbols sent per data bit, of
the FSK recei ver according to one enbodi nent of the invention is

conmpar &8ively increased. Utilizing contenporary microelectronic

t echnol 09y g,dhREIKNGRATRD: POV in&H0S WRLbANn (&S ¥bkT B8, i @EmLASAddi ti on of
nor e denodul ator branches has been found to be acceptable in spite of the
added conpBeks -t Thipflemasalages compeipes aplopprascillptpiefeedive 2 fratt andonescordt £ i ci ent
approach to FSK receiver design is thus achieved. Wreless FSK receivers
conprising fromfive to ten denodul ator branches are considered to provide
t he nost opti mum bal ance between noi se-immunity, circuit conplexity, and
total receiver power consunption. The invention, in a second aspect,
provi des a nmethod for processing a wireless FSK signal for providing a
signal for a hearing aid, including the steps of receiving said FSK
signal, amplifying said FSK signal, limting the anplified FSK signal



Further features and advant ages appear fromthe dependent cl ains. The
i nvention will now be described in further detail wth respect to the
drawi ngs, 5 where Fig. 1 is a block schematic showing a prior art wreless
FSK transmtter, Fig. 2 is a graph shoting a spectrum of the signal
transmtted by the transmtter in fig. 101, Fig. 3 is a prior art wreless
FSK receiver, Fig. 4 is a vectog diagramof the signals detected by
the prior art wireless FSK 15receiver shown in fig. 3. Fig. 5 is a block
schemat bandi, cach érdnollicomptisiof aamier ahd asdekeSion smee.VEre mbeondithgfitso t he

I nvention, 20Fig. 6.is a timng.diagram of e five bran S detecting a
bi ety SEnhes tong el Hish SEAEET R 8om hEreL AR o Uer  chown
in fig. niixerfh the sécon8 bean¥k &iiQds tH FG6@MeGignahRits h 90Rpaselehiaed v&ioa obi nary
"0" fromthe wirel ess FSK receiver shown in fig. 5 25 Fig. 8 is a timng
di agr anthstsignabitem e lopd Retidaodet ecting a binary "1" prior to the clipping
stage in the wireless FSK receiver shown in fig. 5, 5 Fig. 10 is a timng

di agram of the five branches detecting a binary "0" posterior to the

cl i ppi n§SKtragévernaccoweing to ¢heysior RBKvark saistatorgh ovmmuhiitddegpf abplicatiosi g. 11 i s
a timng diagramof t five .branches detecting. g bi.nary "]" nposterior to
the Bl FIBBeRY: Cabegalibis ARG 1 GnMeO s i ecrer TRt b BV o 15
is an erRREHisERH radfe & Wry 8he8SarfdScRiofi vidks, @fp. Abe anaAbRE prélbiifiarmat i al
configuration, according to the_ invention, a_nc% 10 Fig. 13 is a hearing aid
with a Wiepd Bagserarly wxeipt e ayeliy ofthsgecehed signalnvention. A

Frequency: shift:keying (FSK) transmtter 1 according to the prior art is

shown in fig. |I. It conprises a serial bit streamgenerator 2, an inverter
3, a fi Matre ginfeleniomeans of detecting the signals for the purpose of improving the noise-

immunity of an FSK receiver without a significant increase in power consumption is thus

desired.

A wireless FSK receiver suitable for use in a hearing aid according to a first aspect of the
invention has the receiver comprising a first amplifier stage, a limiter stage, a plurality of
phase detection stages, and a lookup table, the first amplifier stage being connected to the
input of a limiter stage, the output of the limiter stage being split up into a first plurality
of respective inputs of a plurality of phase detection stages, the number of phase
detection stages being greater than two, each phase detection stage comprising a local
oscillator, a mixer stage, a filter stage, and a comparator stage, respectively, the input of
each phase detection stage forming a first input of the corresponding mixer stage, each of
the corresponding local oscillators being connecied to a second input of the
corresponding mixer stage, the output of each mixer stage being connected to an input of
the corresponding filter stage, the output of each of the filter stages being connected to an
input of the respective comparator stage, the output of each of the comparator stages
being connected to the input of a look-up table, the output of the lookup table forming an
Arctan2-value from a set of arguments produced by the plurality of phase detection
stages, characterized in that the frequency of each of the local oscillators is tuned to the

carrier frequency of an FSK signal and that the phase angles of the local oscillators of the



multiplier 5 a first local oscillator 4, a second mxer or nmultiplier 6,
a second local 15 oscillator 7, a summi ng node 8, an output stage 9, and
a transmtter antenna 10. A data signal n(t) is generated by the serial

bit streamgenerator 2 and split into two branches. The signal in the

| ower branch is mxed with the signal fromthe second |ocal oscillator 7
in the second mxer 6, and the signal in the upper branch is inverted by
the inverter 3 and nixed with the sighal fromthe first local oscillator 4

in the fiHasd det€liibh%RkePare MBudIQ & eﬁgﬁg&gefﬂp {0 i wee[%&ﬁer 3 iogﬂﬂt Qte any

upper branch, only one of the m xers

roduce an out sign

tinme. Tﬁﬁcghﬁﬁkls fromthe local oscillators 4, 7 may be described as:
roc + Aco)- t) and cos((co, - AC () respectively. The signals
fromthe two output branches of the nodulator | are 30summed in the

25cos( (
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out put
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ipotbibr-effioithi Gppoact Qo I'ESIC| MEciPrddERGOGE Mhs! sétﬁaédF%ﬁra%sg nfiﬁﬁ
ed Qy the FSK trangmtter in fig. 1, is shown in the bloc
"Eee RIS GogPrising Apomy fpgto teR degodifaipriragghes pis sensidied oqeovidy the 1
@5osf optafi@in Vballthc@ BEQIBA noisc-immunity, circuit complexity, and total receiver

power consumption.

The invention, in a second aspect, provides a method for processing a wireless FSK
signal for providing a signal for a hearing aid, including the steps of receiving said FSK
signal, amplifying said FSK signal, limiting the amplified FSK signal, splitting the
amplified, limiting FSK signal into a plurality of signal branches, the number of branches
being greater than the number of distinctly detectable phase angles to be received,
detecting the phase of the FSK signal in each branch of the plurality of signal branches,
calculating a logical signal vector based on the detected phase of the FSK signal in each
of the plurality of signal branches, summing the signal vectors of the plurality of signal
branches, deriving information from the FSK signal based on the result of the summation,
and presenting the derived information to the hearing aid, characterized in that the step of
detecting the phase of the FSK signal in each branch of the plurality of signal branches
includes the steps of creating a mixed signal by mixing the FSK. signal with the signal
from a Jocal oscillator, band-limiting the mixed signal using a low-pass filter, comparing
the mixed, band-limited signal to a fixed, predetermined level, and generating a logical

value based on the comparison..



15 12, an anplifier 13, and a linmfer 14. For detection of the received
signals the FSK receiver 11 also has a first phase detection stage
conprising a first local oscillator 15a, a first m xer 16a, a first

| ow. pass [l.Ler , afirst imter 18a, a second ph | i on stage
conprisiﬁgbé&@g%%%g | ocal oscillator 15b, a second ni?gﬁﬂﬁgggﬁ@bggcond

| ow. pass filter 17b, a second |imter 18b, and a CPU interface 19. 20 An
FSK signal is picked up by the receiving antenna 12 and anplified by the
anplifier 13 and conditioned by the l4imter 14. The output of the limter
14 is split into two branches and fed to an input of the first m xer 16a
and an input of the second m xer 16b, respectively. In the first m xer

| 6a, the input signal is multiplied with the 25 output signal fromthe
first IocaE sc&%lator %Sa. The resul ting ou uH.signaIs are fed to inputs
of the firEttepiAHEs andadyeniees apoar et e UaRTPYat ©'&Mgnal s fromthe first

| ow:. pass filter 17a are fed to inputs of the first limter |8a.
Li kewi se, jh the .secqond m xer 16b, .the input signal |s ltiplied with the
out put 305#&1§V“"F‘P6Pﬁ‘§]ﬁ8“’sbéc‘{?ﬁ°d' F%%F““B?c q‘ﬁ’ia‘f"éb?rei%eﬁg to'l‘ﬁgdfa 4#t i ng out put
signal ssarehéred to inputs of the second | ow pass filter 17b and the out put
signals fromthe second low. 7 pass filter 17b are fed to inputs of the
second limter 18b. The output signals fromthe first limter 18a and the
second | i nFiger isi®cREDemest showinge priopatt wirbleds PEK GRhbmiinérer f ace 19 for
further processing. 5 Fig. 4 is a vector diagramshow ng the vectors 1

(i n:phase) and Q (quadrature: phase) of the signal received by the prior
art recei VEg. 3RQWhph Bhdwifl a Secthii oMBE tigha$ trhnsmittbd Qy Hetradepitetiedzon the unit
circle _and have a nutual phase difference of 90. The phase devi ation

bet weeh? t hk absci ssa (0) and the vector | is denoted Am t and represents
t he angul ar synbol resolution of the prior art receiver 11. 10 In this

set up, mheﬁg the‘nunber,?f ?ggse detection stages in the receiver is two,
equal to tH& HIABEP BEVIERISE F ALY V8et ect abl e phase angl es present in the
transmtted signal, noise and EMC interference present in the received

signal may_reduce the receivi capabi lit f the prior art receiver 11

si gni fi cant'By" ‘%\%‘fﬁ’tﬁél‘ifaﬁra’f‘bo{]ﬁﬁ %%aﬁt‘!'e\?ﬂ%ﬁgbyl ¢ RO ATaY s é:g gar bl ed,
di storted ReitcShowaanpbetely. As the transmtted power decreases, the
susceptibility towards noise interference increases. The reception quality
may be inproved in several ways, for instance by increasing the

transm tt eFig MR blocH eeRasd §tnteR®otifm@ASiTiaSatetsss OIS teREI0E ac@idihgior ovi ng t he
receiver selectivity. 20l ncreasing the transmtter power may be inpossible
i f conpati®Bf IYEY°%i t h existing receivers is to be naintained. A nore
powerful transmtter may al so be bulky and difficult to incorporate in
e.g. a_pocket;sized repote cantrol. In this case, .the_ transm ssion

i S amBOrBE St Shurechaite of Tt e ol e inag by S LERM Bl o Keep
a renot e Caiphigbtagdin thePacHRt FOKGecoRershben il fid 5om there. | nprovenents in
recei ver 25 selectivity is very hard to acconplish w thout increasing the
conplexity - and thus the power consunption - of the receiver circuitry
consi der abiiy,.7 P& Q¥dteh digran of K siagledsteting 8 binag “an fromphiowesdesadkge | Mmunity
Wi thout significantly_increasing the power consunption is an object of the
present i AYEHEF SRVN3B% bl ock schematic of a wirel ess FSK recei ver 20
according to an enbodi ment of the invention is shown in fig. 5. The

wirel ess FSK receiver 20 is sipgle ended FSK receiver. An input stage of
the wirel €88 % Bchiipme é%ﬂf%ﬁgﬁesﬁ byancleLASiTHgR ﬁﬁ’t‘r@ﬁ’na{ per t%m?in anplifier
13, and a diipping Shgelid theStirbldsaF SK eeckiver shopnlin it age of the wirel ess receiver
11 of the prior art. For detection of the received signals, the FSK

recei ver 20 conprises five identical denodul ator branches, each

denodul at ofig, 3 i3 B BctG-UMpEAnS bNGe SighAEMtecOBE k binadyon” &b@ thelbisiesk 56K 15d, 15e,
a m xer 16a, . 16b, 16c, 16d, 16e, a low pass filter 17a, 17b, 17c, 17d,

17e, alfd defeiver therniglie S51gh, 18c, 18d, 18e, respectivel y.




The outputs of each of the limters 18a, 18b, 18c, 18d, 18e, respectively,
are connected to inputs of a |ook:up table block 28 conprising weights x1,
x2, x3, x4, x5, weights yi, y2, y3, y4, ys, a first sunmer Ex and a second

sumer E rctan2: 10function 21. Each out put imters 18a,
Xwqdfndhef 20" e S5y S of ° e

18b, 18c, of the wireless FSK receiver I

took: up table 28, and is split into two separate sets of branches which

are weighted with x, and y" respectively. The outputs fromthe weights xl,

x2, 15 x3, x4, and x5 are sunmed in tshe first sumrer Ex. and the outputs

fromthe weights yi, Y2, 313, 3143 and y5 are summed in the second sunmer;
The outputs of the sumers E' and Ey are fed to the inputs of the

Arct an2: f upgt |08 a2kingddtbrh Of SR bradhet fechhEs BiaryFUNBdsteditr 1m0l the

| ook:up table 28 is connected to the input of a digferentiator 22. The

Ar ct an2: f ufiEPingHtaes indRo sl I SKeetet #eP de¥&°t in the fol l owing. 20 The'
two: argunent arcus tangent function used in this context is a variant of

the arcus tangent function Arctan2(x,y) and .is define ctan 2(x,

RET

_ ) d as: 25 Ar
y) = arct ahig( b)) Is agimingyiseram gf the e granchigs dafecting.a pinary “1” ppstegipr to t@ 0, y <02
, Wher e5, clippin2 stage in the wirekess FSK receiver shown in fig. 5,

Fig. 12 is an embodiment of a wireless FSK receiver of an analog, differential

configuration, according to the invention, and
1¢  Fig. 13 is a hearing aid with a wireless FSK receiver according to the invention.

A Frequency:shift-keying (FSK) transmitter 1 according to the prior art is shown in

fig. I. It comprisés a serial bit stream generator 2, an inverter 3, a first mixer or
multiplier 5, a first local oscillator 4, a second mixer or multiplier 6, a second local

15  oscillator 7, a summing node &, an output stage 9, and a transmitter antenna 10. A data
signal m(t) is generated by the serial bit stream generator 2 and split into two
branches. The signal in the lower branch is mixed with the signal from the second

local oscillator 7 in the second mixer €, and the signal in the upper branch is inverted

" by the inverter 3 and mixed with the signal from the first local oscillator 4 in the first

20  mixer 5. Due to the presence of the inverter 3 in the upper branch, only one of the

mixers 5, 6 produce an output signal at any time.

The signals from the local oscillators 4, 7 may be described as:

25 cos({w, + Aw)-1)
and

cos((a)c - Aw)- E)

respectively. The signals from the two output branches of the modulator 1 are

30  summed in the summing node §, resulting in the FSK signal s(t), described as



The output of the differentiator 22 is connected to the input of a

| ow. pass filter 23, the output of the lowpass filter 23 is connected to
the input of a conparator 27, and the output of the conparator 27 is
connecte h i nput of a cI ock data recovery bl ock k data
recoveryqﬁt’g %ﬁ %'s connected to a buffer 25 via a cl %i@@?ﬁ@ﬁ%ggand a
data line D. The output of the buffer 25 is connected to the input of a
serial peripheral interface 26. The antenna 12 picks up a transmtted
signal and the anplifier 13 anplifieg the received signal to a signal

| evel suitable for input to the limter 14. The received 10 signal is
assuned to be a ficquency: nodul at ed, frequency shi ft: keyed anal og bit
stream The received gjg bef(,CON evel digital bit
stream by virtue of tsm 1A ﬁw %Ttpu |s tLen presented to the
inputs of the first, second, third, fourth and fifth denodul ator branches
as described in th .. 15The,. first denodul.atar branch 15a, 16a,
17a, 18a cﬁh‘\‘i]éfstaéﬂpi‘ﬁa‘? L%ﬁ'ﬁ ﬁ’Bh rbﬁoF gre %f‘rt{anﬂ?lssf‘%“%fhﬁﬁ?f‘ Bifput by the
limter 14antéﬁh@l®|T}&tFS|K0@zﬁﬂsmﬁﬁ€thb§ adiepiits dioofand fieuentity, detemingrbyl 6a
converts t he recei i nt.o a baseban nal, ,The first mxer 1l6a
out put s> a HF fasghosgd ﬁ?/"é Pg‘éﬁ\ﬁé[’%}d&%% Ehfﬁ%“? aﬁs(% Ed signal for the first

| ow pass filter 17a, and the signals fromthe outputs of the first filter
| 7a areued as the in nal s for 20 fj rst [ a, acting
as a deci si’&n? §&Ts ?Fp"’th ﬁ‘ysffpeﬁpﬁhf?{} %§§ SgE ge“f“f'&edrgé’nt fé The

out put of iriiﬁlnidefﬁiﬁg limrﬁ@glgﬂa&?saare ﬁacacech QuEBL+AfUngick &t Sheusl comtsht ch is used
as argunent for the weights xi and.yi, sumed in igfhe sunmer s Ex and Ey, to

provi de t hwilh Wﬁemﬁrmt%ermté&o&ﬁiﬁt%wéﬁ Bieoandghileren spesHRl GpteRapl e 28.
25The sg@coggp@enodul at or branch 15b, 16b, 17b, 18b converts and conditions
a second part of the signal output by the limter 14. The output signal
fromthe second |ocal oscillator 15b is shifted in phase by 7t/5 when
conpar ed t Q ptibearPWirBibls FBKORive: N OMaohhguréd foSteelveedd dsed WirditwFskSa. The
second | ocal oscillator 15b _and the second m xer, éﬁ%&&gnverts t he received
signal i ntdemispsaswahby itk ranypigesisdignd Htoan in sthematic Bogj 1 ect

converted yershaingit shiteorithaRadibdsied stgnalil kohprisbea s&s;emg ahemviapass filter
17b, and the signals fromthe outputs of the %econd {llt ;rlg are used as

the input 5 ghamelifierd 3s g ¢ H’é“‘%‘e’cf‘oﬁﬂr fistafip pf DB Eeceiyed PERplsle £38eci si on

device in {heves eC IBInadRGphd BetedifR stadd EompAivids 1 8Bt ioTi@saMRUS,0f the
second limter 18b is a logical, digital leve], whjch is ugpq(il_%as ar gunment

for the wet &t nixer hﬁﬁday@f“ lotrrast Tilter { ffe 2sTiniinier a0 A o8 FI8RF de t he

i nputs f Ord&éaﬁoﬁtgge%%prfi#%g}i deBbhdddcaldscllia®r |IS!9K sddbnd rﬁﬁkkﬁl@&a sedonfihe third
denodul at or branch |5c | 8¢ convert E? conditions a third part

/c,
of the si glﬁmpa&filmm@m%d ‘“i“ﬁ‘?rtlé" apga CRfjdn ~signal fromthe third
local gscillator 15c is shifted in phase by 27r/5 when conpared to the
out put  si gnal fromthe first ‘local oscillator I5a. The tfté}éird | ocal
osci | | at orAn S8Kapianal He Pigked gPnix e TRERYY iR AEREs 4 A PPN 8 si gnal

into a basghame: 53 altPéondili Bﬂedtﬁy 1he Limie 4. e oRislipsiitte amaér BCE spanvert ed
version of the transmtted signal for the third | ow, pass %%Iter 17c, and

t he si gnaligtortwg Branpies gt 56 t‘%a'b‘Pp‘f‘ REthe first guixer || papnd an é“PH'f o BRE®PYs the i nput

si gnal s f opixkhRsut RispedrivdiyTiig @k k8 Gnix@Clok,Be MButdiMeICH SuRDIEWitE el N the
third branch 15¢c, 16¢, 17c, and 18c. The out put of the th| rdfﬁy mter Sc

is a |y carput geedl fram the et locgyesciiptord Serckhg r%?é‘még GUREERIS AreTRL15 v ght s

X3 and y3,inSH{BE e st LIGQ: phdd RF $7E%ndaiRel offyur dighaRrfRi dR firchGowippast s for the
Arctan2: function 21 of the | ook: ug{ﬁt abl e 28. The fourth denodul ator branch

15d, 16d, fiten ] 72meiied s ipayts oF AR bMBst88ns a fourth

Likewise, in the second mixer 16b, the input signal is multiplied with the output
30  signal from the second local oscillator 15b. The resulting output signals are fed to

inputs of the second low:pass filter 17b and the output signals from the second low:
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part of the signal output by the limter 14. The output signal fromthe
fourth local 20 oscillator 15d is shifted in phase by 37r/5 when conpared
to the output signal fromthe first | ocal oscillator 15a. The fourth | ocal
oscillatqr,.1 nd the fourth m xer 16d converts the re nal into
a basebaﬁﬁogggﬁg?&}The fourth mxer | 6d outputs a d.#&%ﬁ“ﬁ@ﬁ@@?

version of the transmtted signal for the fourth | ow pass filter 17d, and
the signals fromthe outputs of the fourth filter 17d are used as the

i nput signals 25 for the fourth limger 18d, acting as a deci sion device
in the fourth branch 15d, 16d, 17d, and 18d. The output of the fourth
limter 18d is a logical, digital level, which is used as argunent for the

wei ght s x4, 2084476 SITER Zﬁht;(t}ehcsg&mﬁermér%nfihezym%at@fgﬁfneﬁbﬂ% he i nputs
for the chtanZ function | ook: up table 11 is shifted in

phase by 4fitsy Bmijsdpe andripraseeendtipniteh B8bqig f56 £0 Be il of thedrRY Ieerfees 19t | ocal

osci | I at or gl RiyheriGeeldidt N 1 ocal oscillator 15e and the fifth mxer 16e
converts the received signal into a baseband signal. The fifth m xer 16d
outputs a direct converted version of the transmtted signal for the fifth
| ow pass T ikt £fs ahétor 88 aﬁlfgﬂoéfn rﬁﬁ:' »%cthsqrnn ]ﬁaagégﬁn@Qt(Qﬁgd%tﬂé Fm@; fifth
filter 17d are used as the inp u gnals for t 18e, acting
as a deci spidhr denpl wecivad byrbe wrroreﬁ fft??'a?fého"i%él figi delhevedtors fppf Q8. The

output of ghaedsi drl e lual dirBle Ang%abéa%dt&g'pﬁ%'e diﬁérgicte%lf oheVak.phpfai ch i s used
as argunent for the weights x5 and ys, summed in the sunners Ex and Ey, to
provi de t héeviagpm baweasy the nl@cwac&ﬂa)rﬁzdﬁiam@ﬁor)h'szdfn@fsd et pRfbtePigEEntsabl e 28. 10
The Aretangc fau &&sélm JraRGIes k&S ymed, |ogical |evels x, and vy,
fromthe five u ator branches and uses the levels as argunents to the
Arctanﬁ9funct|on 21 The Arctan2(x1l, yo function 21 thus derives the
rotational In\fﬁg’tsé?ﬁ %El)e’thé’m.ln'w& b@)h?é%te@tfontﬂ%eé AR reéé?"l’er Es%odéqf.lzler entiator
22. The out put S|gna fromthe ferentiator 22 | ow: pass filtered
in the | owophssunilier pedisthgtly éﬁ@@%?@m phaes Prggerd |in fﬁhedmnﬁlhléecf dgrabass filter
23 1s passgd.taqEee %Ré%?é n??es:%?m ﬁ@&é&&v@&&%na@ﬁm? ré!ﬁ‘éé fkoReHfyl ce for the
denodul ator. The out t he conparat or Is"used as 1 nput to the

cl ock dataﬁménbweﬁyh%PU@WHQ¢Wﬂ2®'Mh@@@ﬁﬁwﬂyd%@émﬂbtﬁw@PymbﬁG@?m24 extracts
embedded ¢; e%atgg Bge &S oAb RE EilBrSe bl Mst dahAeRlyINR! hP RAGHEEA pbQer t by the

| ow. pass filter ﬁ presents the recovered clock pulses to the buffer
25 thr oughdetcmseel be kSUFqﬁﬁ@blhlfy Wvards moiss eipjesfprepcet BicpyRaliBe (IEBIRBh t he data
line I/ T n%!n%& P WyeBP wifsC r SREnkY bt rei§hd AL tRANAh el

interface 10 fesynchroni ze the buffered data signals.” The buffer 25

col | ect s apoprendetreasing tedrangBisyiondaancefor jrapreypg the sreeiyersielegtiviind  present s
the data bits to the serial peripheral interface 26. The serial peripheral
interface 26 is configured to fetch the buffered data before the buffer 25
is ful?0 Ingregsingethy dnessnkiigvrpvon Mayebepimpersitdy i, compatiftiiigvighaxistiigch of the
five I ocal reews is 38 8L %Aéanedlibmoﬂc%eﬂf‘éﬁméé% %Q‘}%Sbsaouﬂy%ﬁl LO(t)
given as: LO,0= cos (tact + 5 then the denodul a ul(t) for
each br anc‘hfficuk O tIAROTIOGHKE rid ceg- v%rPOQ@t sizadorenotrg comrol-his fhypy easei B nay be

descri bed @ imidsiod didtmnds n(agf-EQO GOR nfau&G ¥t c&nveme@, s A Opent I % kecb a 22z51)

remote control in a pocket and operate it from there. Improvements in receiver
25  selectivity is very hard to accomplish without increasing the complexity — and thus the
power consumption — of the receiver circuitry considerably. Providing an FSK
receiver having an improved noise immunity without significantly increasing the

power consumption is an object of the present invention.

30 A block schematic of a wireless FSK receiver 20 according to an embodiment of the
invention is shown in fig. 5. The wireless FSK receiver 20 is a singie ended FSK

receiver. An input stage of the wireless receiver 20 comprises a receiving antenna 12,



10 where Kis a constant of proportionality. This expression does not take
t he si debands generated by clipping in the limter 14 into account. The
graph in fig. 6 shows the five curves ul, u2, u3, u4, and 115 for
reception instances where n(t) = 0. The half period of_ each curve u,

corr espont€ #HB*HE ti me period 15 WA co, and the or derPGYDRHEM M es
corresponds to the counterclockw se sequence of the five vectors ul, u2,
u3, u4, and u5 representing the five detected signals in the vector graph
shown in fig. 7. The phase deviationgs 7r,/5 and represents the angul ar
synbol resolution of the receiver 20 according to the invention. By
conparing the vector diagramin fig. 7 to the vector diagramshown in fig.
4 it shoul g, Qﬁ RRL ¢4l aweilmmelmmﬂzml thd BpQstbi OFtnk e;rfaregg%cemah t hat

obt ai ned by t 2 FSK’recei ver he prior art. The graph in fig. 8
shows the Pfte pemare§mlt163=:ctmof ths recelzed sierpls, hefFSK reesivap 20 6AMPTiSE ances
where n(t) g5 eren{[%? d%%Juiat&%rh%ﬂesOfea&aﬁé?n&ﬂfaiﬁ? urhmr;%ﬁlgéwg%aap the tine
peri od 7t AW, an the curves corres o the clockw se
sequence opsdillsorflpadsbsl Seekidof i @Bnixerdl6aykEh, (2, letd6yle lowpredtiit i ng t he
five detec by i ., O S y9. Again, it
shoul d Ee %@"?éﬁd’?ﬁﬁt@ ﬁﬁe}: %gﬁﬁ%&gz’ggtﬁpgﬁ I:BEV‘!]BIe r{gsrp&%tﬁgin t hat obtai ned by
the FSK receiver 11 of the prior art. 13 Thus, a progressive sequence of
the five d%@%h%gtsvﬁcéagﬁ%f' e tiDBidd {82 DTRNABES RONEESRORYSAO A det ect ed,

| ogical '0", a regressive sequence of the five det ect ed vectors in the
five branch@@m@ﬂtpemmfg» lpek:up tbleddackds CP@gilfélw weights XTFpp.gi.08r ¥sesponds t o
a counterc t o) [ 7 when a
20 "1's Saet SN ShdP et ob o u AT, oL Ao Ehler 8L ART ok Ak Graoh i n
f| g. 9l0hefungtion2l. i s detected. Referring once again to fig. 5, posterior
to the clipping performed by the limter stages |8a, 18b, 18c, 18d, 18e,
of the FSK receiver 20, the five output signals i, i, iii, 10rt 5, |ook
roughly | i Eechtdugput bivihe gimitemgi®ani 8bn 184, d3d, I8¢ of the wieleps ESK recaivelr 24 ke t he
timng dia mi.n_ fi ,
detected fl%l’ gtanlfl%'ft Ogmeé&%{ l% ta%% andQSs il@f&ygml‘%ﬁsaﬂegﬁ ggFrr%&r ecei ver
that the swgmhlare\mgkmad \@1@1 :)n ang yr,rmﬁpcwgvziy oTﬁc\MuiépetS f@nuthph@t!g}@ Xl i S

receiv I n the cas det d by W,
i3, 1?% i Xs are'ﬁ%msmefl eﬁgf jfﬁ%é“‘%“é"‘%‘?ﬁverdqﬁ eorgl’th ena“i1 "?\Qﬁt or 0(t) is
15nmovi ng cgalu@; e;ﬁ @h@@km&&nmamm thbagcond SLGnmctrS:yr'Hﬁe:lu\‘»fﬁd; of’ﬂffesuﬂenhucti on of

this |nforrrat|onfor Zh? S tS)X of _exanp descrld)%tgﬁln greater
detail in thand & eeiechip thereeuls @%%he re ﬁszmﬂ%%ﬂ taﬁ e, PPyt ctan2(y1l,
X, ) are usgeidn0:falekies M1ngr WRetdRFup table 28 is comnected to the input of a

differentiator 22. The Arctan2:function is explained in further detail in the following.

20
The two:argument arcus tangent function used in this context is a variant of the arcus
tangent function Arctan2{x,y) and is defined as:
[ arctan{p), x>0
7+ arctan(gp), x<0
ArctanZ(x,y) =< f, x=0, y>0 where @ = 2
x
T
——, x=0 <0
L2 Y
25

It is thus defined in the whole unit circle as opposed to the conventional arcus tangent

function arctan(x,y), which is only defined in the right hand side of thie unit circie.



20t he rotation of the vector is clockwse, interpreted as a '1 ', or
countercl ockwi se, interpreted as a '0'. For m(t) = 1, the signals i may be
described by the matrix A 14 111172173174=75 11 111 -11111
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The output of the differentiator 22 is connected to the input of a low:pass fiiter 23, the
output of the low:pass filter 23 is connected to the input of a comparator 27, and the
output of the comparator 27 is connected to the input of a clock data recovery block
24. The clock data recovery block 24 is connected to a buffer 25 via a clock line C
and a data line D. The output of the buffer 25 is connected to the input of a seral

peripheral interface 26.

The antenna 12 picks up a transmitted signal and the amplifier 13 amplifies the
received signal to a signal level suitable for input to the limiier 14. The received
signal is assumed to be a frequency:modulated, frequency:shift:keyed analog bit
stream. The received signal is converted into a two:level digital bit stream by virtue of
the limiter 14. This signal is then presented to the inputs of the first, second, third,

fourth and fifth demodulator branches as described in the following.

The first demodulator branch 15a, 16a, 17a, 182 converts and conditions a first part of
the signal output by the limiter 14. The first local oscillator 15a and the first mixer 16a
converts the received signal into a baseband signal. The first mixer 16a outputs a
direct converted version of the transmitted signal for the first low:pass filter 17a, and
the signals from the outputs of the first filter 17a are used as the input signals for the
first limiter 18a, acting as a decision device in the first branch 152, 16a, 17a, and 18a.
The output of the first limiter 18a is a logical, digital level, which is used as argument
for the weights x; and y;, summed in the summers Z, and Z,, to ptovide the inputs for

the Arctan2:function 21 of the look:up table 28.

The second demodulator branch 15b, 16b, 17b, 18b converts and conditions a second
part of the signal output by the limiter 14. The output signal from the second local
oscillator 15b is shifted in phase by 71:;/5 when compared to the output signal from the
first local osciliator 15a. The second local oscillator 15b and the second mixer 16b
converts the received signal into a baseband signal. The second mixer 16b outputs a
direct converted version of the transmitted signal for the second low:pass filter 17b,

and the signals from the outputs of the second filter 17b are used as the input signals

PCT/DK2007/000493
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for the second limiter 18b, acting as a decision device in the second branch 15b, 16b,
- 17b, and 18b. The output of the second limiter 18b is a logical, digital level, which is
used as argliment for the weights x; and y», summed in the summers Z, and %y, to

provide the inputs for the Arctan2:function 21 of the lock:up table 28.

The third demoduiator branch 15¢, 16¢, 17¢, 18¢ converts and conditions a third part
of the signal output by the limiter 14. The output signal from the third local oscillator
15¢ is shifted in phase by 2n/5 when compared to the output signal from the first local
oscillator 15a. The third local oscillator 15¢ and the third mixer 16¢ converts the
10 received signal into a baseband signal. The third mixer 16¢c outputs a direct converted
version of the transmitted signal for the third low:pass filter 17¢, and the signals from
the outputs of the third filter 17¢ are used as the input signals for the third limiter 18c,
acting as a.decision device in the third branch 15¢, 16¢, 17¢c, and 18¢. The output of
the third limiter 18¢ is a logical, digital level, which is used as argument for the
15  weights x3 and y3;, summeéd in the summers I, and Z,, to provide the inputs for the

Arctan2:function 21 of the look:up table 28.

The fourth demodulator branch 15d, 16d, 17d, 18d converts and conditions a fourth
part of the signal output by the limiter 14. The output signal from the fourth local
20  oscillator 15d is shifted in phase by 37/5 when compared to the output signal from the
first local osciliator 15a. The fourth local oscillator 15d and the fourth mixer 16d
converts the received signal into a baseband signal. The fourth mixer 16d outputs a
direct converied version of the transmitted signal for the fourth low:pass filter 17d,
and the signals from the outputs of the fourth fiiter 17d are used as the input signals
25  for the fourth limiter 18d, acting as a decision device in the fourth branch 15d, 16d,
17d, and 18d. The output of the fourth limiter 18d is a logical, digital level, which is
used as argument for the weights x4 and y;, summed in the summers I, and Z,, to

provide the inputs for the Arctan?:function 21 of the look:up table 28.

30  The fifth demoduiator branch 15¢, 16e, 17e, 18e converts and conditions a fifth part of
the signal output by the limiter 14. The output signal from the fifth local oscillator 13e
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is shifted in phase by 47/5 when compared to the output signal from the first local

oscillator 15a. The fifth local oscillator 15¢ and the fifth mixer 16e converts the

received signal into a baseband signal. The fifth mixer 16d outputs a direct converted

version of the transmitted signal for the fifth low:pass filter 17d, and the signals from

5 the outputs of the fifth filter 17d are used as the input signals for the fifth limiter 18e,

acting as a decision device in the fifth branch 135e, 16e, 17¢, and 13e. The output of

the fifth limiter 18e is a logical, digital level, which is used as argument for the

weights x5 and ys, summed in the summers Z, and Xy, to provide the inputs for the

 Arctan2:function 21 of the I'Ook:up tabic 28.

10 |

The Arctan2:function 21 thus receives the summed, logical levels x; and y; from the

five demodulator branches and uses the levels as arguments to the Arctan2:function

21. The Arctan?(x;, y;) function 21 thus derives the rotational vector 0(t), which is

used as the input for the differentiator 22. The output signal from the differentiator 22

15 is low:pass filtered in the low:pass filter 23, and the output signal from the low:pass

filter 23 is passed to the comparator 27, which acis as a decision device for the

demodulator. The output from the comparator 27 is used as input to the clock data

recovery block 24.

20  The clock data recovery block 24 extracts embedded clock pulses from the serial data
signal presented to it by the low:pass filter 23, and presents the recovered clock puises
to the buffer 25 through the clock line C, and the serial data signals through the data
fine D. The embedded clock pulses are used by the serial paraliel interface to
resynchronize the buffered data signais. The buffer 25 collects a predetermined

25 number of received data bits, and presents the data bits to the serial peripheral
interface 26. The serial peripheral interface 26 is configured to fetch the buffered data
before the buffer 25 is full.

The wireless receiver 20 is capable of detecting the phase difference between

30 individual digital symbols in the received data stream with greater accuracy than FSK
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receivers known in the prior art. Assuming that each of the five local oscillators 15a,

15b, 15¢, 154, 15¢, outputs a signal LOj(t) given as:
LO,.{t) =cos (cnc- £ f—;-)

then the demodulated signal u;(t} for each branch 7 in the FSK receiver 20 according

to the invention may be described as:

u, ()= K—[iﬁ(t)-cos (Am-t—%}-ﬁ-m(f)-cos (-—Aco-t—f%n

10 where K is a constant of proportionality. This expression does not take the sidebands

generated by clipping in the limiter 14 into account.

The graph in fig. 6 shows the five curves uj, u, us, w, and us for reception instances
where m(t) = 0. The half:period of each curve u; corresponds to the time period
15 =w/Aw, and the order of the curves corresponds to the counterclockwise sequence of
the five vectors uy, Uy, U, Us, and us representing the five detected signals in the vector
graph shown in fig. 7. The phase deviation is x/5 and represents the angular symbol
resolution of the receiver 20 according to the invention. By comparing the vector
diagram in fig. 7 to the vector diagram shown in fig. 4 it should be noted that the
20 symbol resolution is finer than that obtained by the FSK receiver 11 of the prior art.

The graph in fig. 8§ shows the five curves us, ua, U3, Wy, and w; for reception instances
where m(t} = 1. The half:period of each curve u; corresponds to the time period
n/A®, and the order of the curves correspond to the clockwise sequence of the five

25 vectors us, U, U3, Uy, and u, representing the five detected signals in the vector graph
shown in fig. 9. Again, it should be noted that the symbol resolution is finer than that
obtained by the FSK receiver 11 of the prior art.
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Thus, a progressive sequence of the five detected vectors in the five branches
wmsponds to' a detected, logical ‘0, and a regressive sequence of the five detected
vectors in the five branches corresponds to a detected, logica! “1°. This corresponds to
a counterclockwise rotation as shown in the vector graph in fig. 7 when a ‘0" is
detected and a clockwise rotation as shown in the vector graph in fig. 9 when a ‘1’ is

detected.

Referring once again to fig. 5, posterior to the clipping performed by the limiter stages

18a, 18b, 18¢c, 18d, 18, of the FSK receiver 20, the five output signals 4, u,, #,, i,

cos 54

PCT/DE2007400493

i, , look roughly like the timing diagram in fig. 16, for m(t) = 1, and like the timing

diagram in fig. 11 for m(t) = 0. In the case in fig. 10, %, is detected first, followed by
u,, #,, #,, and #;. This tells the receiver that the signal vector O(t) is moving
clockwise, and that a ‘1” is received. In the case in fig. 11, %, is detected first,
followed by #,, #,, #,, and # . This tells the receiver that the signal vector 8(t) is

moving counterclockwise, and that a ‘0" is received. The deduction of this
information for m(t) = 1, is, by way of example, described in greater detail in the

following.

The signals #,, y;, x; and the function Arctan2(y;, X;) are used to determine whether

the rotation of the vector is clockwise, interpreted as a *I’°, or counterclockwise,

interpreted as a “0°. For m(t) = 1, the signals # may be described by the matrix A:



- cosl1l8 -162
cos 54

sin 18

WG 2009/062500

u, U
1 1
1 1

-1 1

-1 -1

~1 -1

-1 -1

-1 -1
1 -1
i 1
I 1

14
7,
11
11
11
11
-1 1
~1 -1
-1 -1
-1 -1
-1 -1
1 -1

for m{t) =1

cos. 1 8-162_ sin 547 - cos 54 126 1 Q 90 sin 54

PCE/DK2007/000493

The constants y; and x; are solutions to the following systems of linear equations:

where

1¢

sin18°]

| —sinl8°

—sin54°
-1
—sin54°
—s5inl18°
sini8°
sin 54°

1

3 sin 54° |

cosi8°]
cosl8°
cos34°
0
—cos54°
—cosl8°
—cos}8°
—cos54°
¢

cOos 54°_

. with the angles -

18°
:18°
—54°
~90°
126°
162°
162°
126°
9@0°
54°

o(t) = Arctan2(A - y,A - x}, where Arctan 2y, x)ef-nn]

The angie values in the linear equations are here indicated in degrees for clarity. A

similar matrix (not shown) describes the signals , for m(t) = 0. It may also be .

formally shown that one unigue solution exists for y and x, respectively.



54 where q(e)= Arctan 2(Ay, A -4, where Arctan 2(y, E z, 10 The angle
values in the linear equations are here indicated in degrees for clarity.
A simlar matrix (not shown) describes the signals Ft, for m(t) = 0. It

may al so @ﬁfﬁ@%%h%y shown that one uni que sol ution e@(ﬁlnf‘dm%oob’ 9@md X,

respective oth y and x nmay be scal ed using the sane constant as
they both are argunents to Arctan2(y" Xx,), One particular solution to the
| i near equations may be: Syr X[1 = (nNcos -cos -1 ?5",5 (E) (2E

s - 0sinm?.5,)5 15

Both v and x may be scaled using the same constant as they both are arguments to

Arctan2(y;, X;). One particular solution to the linear equations may be:

o o) of) of2) o)
C e ) of) ) ]

which gives, as a result, the following angular sequences:

A ellge, 18, —54°, —90°, —126°, —162°, 162, 126°, 9(°, 54°} formft)=1
10

and
pltye {54°, 90°, 126°, 162°, —162°, —126°, —90°, —54°, —18°, 18°} formfr)=0.

15 ‘The signal presented to the FSK receiver has either a positive or a negative slope, a
positive slope corresponding to a clockwise rotation in the unit circie diagram and
thus representing a binary ‘1°, and a negative slope comesponding to a
counterciockwise rotation in the unit circle diagram and thus representing a binary ‘0,
In this way it is possible for the FSK receiver 20 to determine whether signal is rising
20  or falling, i.e. the vector is moving clockwise or counterclockwise in the unit circle
diagram, e.g. by taking the difference between two values of gp(t) during one bit

duration, determine if ¢:(t) goes positive or negative within that bit duration period

and thus decide if the transmitted symbol is a binary “0’ or a binary ‘1°.

25  The modulation index is defined as:

B= i)—él{-, where Af is the deviation frequency [Hz] ,and DR is the data : rate [bits/ s]
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If the resulting vector rotates with the angular velocity Aw: 7
Aw=2xrAf,
5 then the instantaneous angle value of{t) is:
plt)= Aot = 2nAft.

~ As an example, suppose that the modulation index =1, then the data rate DR s 2Af,

10  and the bit duration thus:

Ll

T
2

L
DR 24f

where Tp is the period of the deviation frequency of the modulated signal. This

IS5 implies that the resulting vector rotates = radians in the unit circle pr. bit.
" In a FSK receiver with more than two branches the concept of bit resolution 1s defined
as:
20 bit resolution = 2N & =Nf,

DR

where N is the number of branches in the system. Mathematically, the bit resolution
represents the number of points in the unit circle per data bit. As the number of
branches is increased, the bit resolution is increased proportionally as the number of
25  detectable symbols representing each bit is increased, and, as a consequence, the
detection of each bit is improved. In a pentaphasic system, like the receiver 20 shown
in the embodiment i fig. 5, this gives five distinct angular values for ga(t) pr. bit, as

opposed to just two distinct angular values in the receiver known in the prior art, i.e. 2



(2E) - 5 which gives, as a result, the follow ng angul ar sequences:
q e {18, - | 8, -54, -90, -126', -162, 162, 126, 90, 54} for n(t) =1 10
and v(t)E {54, 900, 126, 162, -162, -126, _9Q0, _540, -18, 18} fo(t) = 0.

15The si | or ted to the FSK receiver has either | 11 ra

, negativquﬁ&%gﬁgéﬁgositive sl ope corresponding to a cﬂ%gﬁ@ggéﬁﬁﬁ?ﬁtion I n
the unit circle diagramand thus representing a binary 'I', and a negative
sl ope corresponding to a counterclockwi se rotation in the unit circle
di agram and thus representing a binagy '0'. In this way it is possible for

the FSK receiver 20 to determ ne whether signal is rising 20or falling,
I.e. the vector is noving cl ockwi se or counterclockwise in the unit circle

di agram egg res?%%i%r?ﬁ 5% %ﬁ?{;’g’) fif £1ERE QeRINGERrAcYand BLYE SR ne during one

bit duration, goesS positive or negative wthin that bit
durati on pénmodtyand thus decide if the transmtted synbol is a binary 'O’
or a binary '1'. 25The nodul ation index is defined as: 16

Another preferred embodiment: 30 of a wireless FSK receiver according to the
5  invention is shown. in fig. 12. The wireless receiver 30 is a differential FSK receiver.
Differential FSK receivers per se are known in the art, and they have several practical
advantages over single ended FSK receiver implementations. From an architectural
viewpoint, the differential implementation shows no significant differences over the
single ended implementation, but in practice, the differential implementation has a_

10 better noise immunity.

The differential FSK receiver embodiment of the invention shown in fig. 12 is

described in greater detail in the foliowing. .

15  An input stage of the wireless receiver 30 comprises a receiving antenna 12 and an
amplifier 13. An input limiter is not necessary in this implementation. The amplifier
13 is connected via a two:wire interface bus to two inputs of each of five mixers 16a,
16b, 16¢, 16d, 16e, respectively. Five local square:wave oscillators 15a, 15b, 15c,
15d, 15e, each comprise two outputs, where one output is connected to the input of a

20  respective one among five inverters -29a, 29b, 29, 29d, 29, and one output is
connected directly to an input of a respective one among the five mixers 16a, 16b,
16¢, 16d, 16e. The outputs of the five inverters 29a, 29b, 29¢, 29d, 29¢ are connected
to yet another igput of the five mixers 16a, 16b, 16¢, 16d, 16e, respectively. The
signals from the local square:wave oscillators 15a, 15b, 15¢, 15d, 15¢ differ in phase

25  increments of n/3.

The purpose of the in;verters 29a, 29b, 29¢, 29d, 29¢ 1s to supply the mixers 16a, 16b,
16¢c, 16d, 16e, respectively, with a 180° phase:inverted version of the direct signal
from the local oscillators 152, 15b, 15¢, 15d, 13e, respectively. The five mixers 16a,
30 16b, 16¢, 16d, 16¢, each thus receives four separate signals for mixing, a real input

signal and a phase:inverted input signal frem the input stage 12, 13, a real local



If the resulting vector rotates with the angul ar velocity A co :
rcAf , 5then the instantaneous angle value c(t) is: p(t) = cot =
As an exanpl e, suppose that the nodulation index f3 =1, then the data rate
10and_the bit duration thus: 11To DR 241 2 where To is the

DR i s 2Af
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g@’ H%Heglrl edth tsi'grlzh pg'rr f& further processing.

The signal pairs from the five mixers 162, 16b, 16¢c, 16d, 16¢ are connected to the
inputs of five band:pass filters 31a, 31b, 31c, 31d, 3ie, respectively. The outputs of
the five band:pass filters 31a, 31b, 31c, 31d, 3le, also forming signal pairs, are
connected to the inputs of five limiters 18a, 18b, 18c, 18d, 18e, reSpectivély. The
outputs of the five limiters 18a, 18b, 18c, 18d, 18¢ are connected to the nputs of a
look:up table 28 comprising weights Xi, X2, X3, Xz, Xs, weights yi, y2, ¥3, ¥4, ¥s, a first

summer Ly and a-second summer X,, and an Arctan2:function 21. The look:up table

28 and the downstream subsequent blocks in fig. 12 are configured in a manner

15

20

25

30

similar to that of the wireless receiver 20 shown in fig. 5.

Upstream from the five limiters 18a, 18b, 18c, 18d, 18¢, the signals are considered to
be analog. Downstream from the five limiters 18a, 18b, 18c, 18d, 13e, the signals are
considered to be digital. This strategic placement of the five limiters 182, 18b, 18¢,
18d, 18e, posterior to the mixers 16a, 16b, 16¢, 16d, 16e, also aids in keeping power
consumption low, as digital switching in the base band requires less power than

digital switching at high frequencies such as the FSK transmission frequencies.

The first demodulator branch 15a, 29a, 16a, 31a, 182 converts and conditions a first
part of the signal output by the preamplifier 13. The first local oscillator 15a converts
the received signal to a baseband signal. The first mixer 16a outputs a direct converted
version of the transmitted signal for the first band:pass filter 31a, and the signals from
the outputs of the first band:pass filter 31a are used as the input signals for the first
limiter 18a, acting as a decision device for the first branch 152, 29a, 16a, 31a, 18a.

The output of the first limiter 18a is a logical, digital level, which is used as argument

2



17 bit resolution of 5 -# resulting in a higher detection accuracy and
thus a better noise immunity. Another preferred enbodi nent 30 of a

wirel ess FSK receiver according to the 5 invention is shown in fig. 12.
The wirelggsoorsabyer 30 is a differential FSK recei veipy A adeRti al FSK
receivers per se are known in the art, and they have several practical
advant ages over single ended FSK receiver inplenentations. From an
architectural viewpoint, the differential inplenentation shows no
significant differences over the singbe ended inplenmentation, but in
practice, the differential inplenmentation has a 10 better noise immunity.
The differential FSK receiver enbodi nent of the invention shown in fig. 12
is describeg the.nbrgﬁcﬁé’st}@ranﬂl% &lnmed it BR shphk@W, Red =] 3 providp e npage of the
wirel ess receiver 30 conpfises a receiyvi ng antenna 12 and an anplifier 13.
An i nput | ifgrithechrciag?: ﬁ@@“%é’éé%ﬁ’&ﬂ?ﬁ‘iwtﬁwg i npl ementation. The anplifier 13
is connected via a two:wire interface bus to two i nputs of each of five

m xers |'6a, 16b, |16c, 16d, 16e, respectivel Five |l ocal square:wave
osci | | at or §hq segond damoduigier buapgh 15529 se]eﬁéh:”l:‘br]fﬁ*? FaweRsHdopnRitiess 2 wher e one

out put ks e&eﬁheg QH,Q sHi‘ﬁ du{}ﬂ%y afe ﬁean%@iﬁ&eﬁ})q‘ﬁé Is4Bn® NRalCGWBINGkof | Ve
inverters 29a 29 and one output is connected directly to

an i nput ofiSEaC%é@ﬁéhqﬁs‘eﬁevcéﬁ@nérf@ﬁ&a%eh@df%ﬁel hsaspanddges! osplgtor (& 16d,
16e. The oWl pg ;9 ﬁgﬁs@%;fft/ywems& ﬁwt@&a,ou\%aps,g&9%n2ag 1ﬁr§3§caﬁr e

connected to yet ther 1 nput of five mxers l1l6a, 16b, 16c, 16d, 16e,
respect i vebscillafinel 58 @halsg:om @mﬂtfhéﬁbl elr,falllfs sqdizce coproredo¥erbiph A hs 15a, 15b,

15¢, Is5d, %‘grﬁ; %Sf‘gﬁ%&tﬂg%g&ld%%h@g&s@@ﬁ@éﬁbga[nd'tﬁe/s%naﬁ%nﬂmQ&aﬁs of the

inverters S to sup he m xers 16a, 16b, 16c,
| 6d, 16€, pEtpesbnd/ling;passifilter 3111800sedrashe. mme!gﬂféﬁfovﬁesﬁﬁmdéﬁmiehe di rect

S|gnal fro R I i 1 e ctlvely
The five mn%;(gé:a%mf%g% dgggéllt‘)hl:% f0§¥%§§wf%§pmgg§% 3 ugﬁ? e%gl {/%sﬁ‘?%ur
separ at e spgptalé tifecsecaonid Ximigr 18p tsefalbglpfﬁpilglt% |If‘gnlaWhlefm§ usedotseasgumenyer t ed

Lnput st ONg d QILAC, LAR g,%aﬁmgs&&e sthifmedl LS8 =) 96 Blovigd el | 2L o

signal from eac squar e’ wave 0S¢ 15c, 15d,
15e, respeﬁtrltheedlrytanhfmdctamahaﬁémlmkem@de P®Hcal oscillator signal from each
of the,inverters 29a, 29b, 29c, 29d, 29e, respectively. The output signals
from tﬁ five m xers 1l6a, 16b, 16¢c, 16d, | 6e, conprise five signal pairs
with a pha$ke dirfl Ben@hberdfanbh 3%, Bt ibe 3 leddh caivgmradnd ganditidnor thid t her

processi ngpart of the signal output by the preamplifier 13. The third iocal oscillator 15¢ converts
the received signal to a baseband signal. The third local oscillator 15¢ is shifted in
phase by 27/5 when compared to the output signal from the first local oscillator 15a.
20  The third mixer 16c outputs a direct converted version of the transmitted signal for the
third band:pass filter 31c, and the signals from the outputs of the third band:pass filter
31c are used as the input signals for the third limiter 18c, acting as a decision device
for the third branch 15¢, 29¢, 16¢, 31¢, 18c. The output of the third limiter 8¢ is a
logical, digital level which is used as argument for the branches x3 and ys, summed in
25  the summers Z, and Zy, to provide the inputs for the Arctan2:function 21 of the look:
up tabie 28. '

The fourth demodulator btanch 15d, 29d, 16d, 31d, 184 converts and conditions a
fourth part of the signal output by the preampiifier 13. The fourth local oscillator 15d
30  converts the received signal to a baseband signal. The fourth local osciliator 15d. is

shifted in phase by 3n/5 when compared to the output signal from the first local



The signal pairs fromthe five m xers 16a, 16b, 16c, 16d, 16e are B
connected to the inputs of five band:pass filters 31a, 3 |b, 31c, 31 d,
3le, respectively. The outputs of the five band: pass filters 31a 31b,
31lc, 31d, formng signal pairs, are 10 connq&ﬁ$%dh B3 1 nput's
of five Ilnéﬁgpgkiga 18b, 18c, 18d, 18e, respectively. The outpu?s of
thefl five limters 18a, 18b, 1 8c, 18d | 8e are connected to the inputs
of a | ook:up table 28 conpri sing meights Xi, x2, x3, x4, x5, weights vy,
y2, y3, y4, ys, a first sunmer. Ex andpa second summer;, and an
Arctan2:function 21. The | ook:up table 28 and the downstream subsequent
bl ocks in fig. 12 ‘are configured in a manner 15simlar to that of the

Wi rel ess rggfiawr 1530 TROGUWRH Mifel 0l6dSoutpdRs tal @R torRBRddN erfibiy &f Ithdi t ers 18a,
18b, 18c, 18d, .18e, the si 9na| s are cgnsidered to be anal og. Downstream

from the firgusmited;sigapldor e fousth pandipgss filies §1d.pag thesignals frgmAPSOuPHS consi der ed
to be di gi b@the fddMhShahd: b&gqmblc?)lm@@ﬁ%%t&fmﬁnlil%lgfnhl‘d@or'thérfduﬁﬁ%nﬂ{%ﬁ 18b,

18c, 20 18d. 1 8e, posterl or to %’ﬁ Mer 16a 16b éi 16d, 16e, also
aids in kebh ALIsHRG deeisivE dhies B teoRurtBragtiy] PO WL HinlPdi B he base
band regui Blﬁﬁut'o@&l%f&ﬂthﬂfml{chml@h%gﬁcﬁl dshl 163 wgmﬁttsmcgdaaf SRIMEBCI es such
as the FSK transm ssion frequencies. The first_denodul at or branch 15a,

20a, 16a, BE&racplps Xe @l By SUNBEHINBHHRNGH Ex andk Fr W Progdg e dnnyts fohe si gnal
out put by {hggr&gm&tlokuﬁlbft}lgiool%dﬂlg% | ocal oscillator 15a converts the
received signal to a baseband signal. The first mxer 16a outputs a direct
converted version of the transmtted signal for the first band: pass filter

3la, and tfg §M%ﬁufa§&m&m1ﬁuﬁwqge afi e, LR chive! ardARAGRARS, ik ter 3la
are used as the input signals for the first |[imter 18a, acting as a

deci si &h deay§ ofdhe pignal prpyt by ghe Fb?aaw@ﬁetlﬁa%?@%h logsg gscifipter 159 gepverBOThe out put
of the I ! rt‘:ﬁE rédeme{l ﬁirgnzgibaé al l%sé’baﬁcfﬁhx%' Thedfh 10@Jalddsﬁl{ﬁ{[mhl%’% %Hsft&éldé)s( ed SSE
argunen for € branches x yi, sunmed in e sunmers and By,
to provi deph.aﬁfebx fpbimden eampared t\ithe et fignad tioprthe firspiocalipscilldekidap tabl e 28.
The second ey A8 RonAls A6 o Wopl AR OFHL S 2N
condltlongTlsje q§§§%ﬁ{cggggg thgns?[p w% dt? ut gXeé%p ifier 13. .
The secondfifttoeand:ressdiliel étﬂaﬁndllﬁbswhwﬁ@mshetmutself@w@fdl @n@}m@s filter a baseband
signal ;= Th i Bk iﬁpi 8 ds QN/5 when
conpargﬁ f% ?ﬁg&%gfggﬁqﬁl@§gﬁi%gbﬁ%k f+r%§§ 5% gsé?p%§§g$M15a The
second ni xier ﬂm&miobmlpnht i§e,a29t§| t e B1g div.eficenippe phiho difibfiimilwe 18g mrisni t t ed
signal fort.h [ e on1the
ourpits _1GESR. SREANAGAAIE: %% ok ohficptiol By pfithel Rl (9 MBhBRd b0 T,
si gnal s f ahe fimenseComudl I, twi;ir@trideltﬁb jnpactiertye Asctar2 dewiist dhofdbyicole for t he
second branc ?Q 29b. 16b, 31b, 18b. The output of the second limter
18b is a Iéblca digital level which is used as argunment for the branches
22 ?ndgyg sgnnedzhn %he sunneLs Ex an? Egé t?Sp;ﬁvi?e tge inpgtf Ior t he
rctan ion 0 up.t e e ir ul at or
branch 153ﬂﬁ cer %damﬁﬁ&?m?gg;?g #gr uP!ﬁHm%5ﬁﬁwP¥dﬁ%I%F§%|r part of the
si gnal outcﬂff&remai Fhie rq:mmafﬁ@:qfiheenvehﬁon 'ﬁher;cteiued sighaicat amgimckiga}t}&r : 5¢C
converts t.he rec nal t r oca
OSC|IIator“T%c thghlf?% Iewnmﬁaégggﬁgggﬁghmﬁ%gﬁ%%mggfeﬁgfggpﬁe out put
si gnal f r Ofhet diffefehtidt signalsadre cxsnvdrﬂeé,t o¢. bbdrd. a@mThte ftehuandy fioxethel6C out put s
band: phss THTTEro ST R TRt SR stn it fs iRp0es T8 PR Phi ra
band: pass kamqmmﬁ&Qghyémugﬁdsﬁsmﬁhekmﬂpq@nswgnahsnﬁomIShéSbHﬁcd limter
18c, acti a_decj.si,on vi.ce f r the third bran 16c, 3lc,
Toc, The adfpits BPAEHDnd 94 FiereEragiohl Gl RIS e ifee 0%, cvel wni eh
i.s used as29hr 2erend, Mg rretpegiviblya Mbd dewnx: Borevadledy Sgnab uinome thei mix@5tllde sunmmer s Ex
f‘ggl RO P 618, HRE bR Ry Ok vfiiimiiS AN oSO Ridrd 301, Sif1e 1 ook: up
30 3lc, 31d, 3ie, respectively, and the band:limited signals from the band:pass filters

31a, 31b, 3lc¢, 31d, 31e, respectively, are limited by the five limiters 18a, 18h, 18¢,



The fourth denodul ator branch 15d, 29d, 16d, 31d, 18d converts and
conditions a fourth part of the signal output by the preanplifier 13. The
fourth Iocal oscillator 15d 30converts the received signal to a baseband
si gnal . | ocal oscillator 15d is shifted in 4/ 5 when
conpar ed to [nﬁ,ébﬁ%g({ put signal fromthe first |ocal (}R!c@(f:lﬁ %t or§15a The
fourth m xer 16d outputs a direct converted version of the transmtted
signal for the fourth band: pass filter 31d, and the signals fromthe
outputs of the fourth band: pass filter 31d are used as the input signals
for the fourth limter 18d, acting as a decision device for the fourth
branch 15d, 29d, 16d, 31d, 18d. The 5 output of the fourth [imter 18d is
a | ogical, 184 gisealresb&\ﬁeéiyvvaﬁ@Imdsscdnsaﬁdamoarogumemvelﬁeregeﬁted hs anches x4 and
y4, sunmed in the sumrers_ ; and Ey, provi de the inputs for the

At an2: f URETTEIPRPONS R £t SRETY 4 08 A a0 Y PReIRABUL at or br anch
15e, 29e, 16e, 31e, 18e converts and conditions a fifth 10 part of the

signal output by the preanplifier 13. The fifth |ocal oscillator 15e
converts t fike pumitipa poBisghaindtls PASHE JRapIiPuY ik Arcrnd:frnctipm 2| gEal

oscill agsor e lﬁﬁc#lwﬁpbﬁtﬂ{i guesegumﬁloaag é-,w;lférem& fPEHE%@‘i’:aésQih%pe out put

signal fromt rst |ocal I'lator 15a. The th mxer. 16e outputs a
di rect convdérthedecisionshlosk Bf. thehedogks @ﬂﬁﬂsrﬂP?‘te@dblgffkg%lthef Bifer B& Ktk band: pass

filter 3163&@.[‘%:1‘%9&315&@%3526]: hﬁ@atshﬁﬂé?légméﬁﬁmgﬁ aﬁd@nédeﬁ’nﬁlﬂy hapdppass filter
15 3le are use I nput "signal s fifth limter 18e, acting as
a deC|S|onGMQWM®eﬂﬁbWth§gfﬁfth branch 15e, 29e, 16e, 3le, 18e. The out put
of the fifth [imter 18e is a logical, digital Ievel which is used as
argument for the branches xs and vys, sunned in the summers ; and ;, to
provi dd0t hén additianstof be behditn\aeiiensd: byusiizing pantaphasich eorifighytetiony ghe abl e 28.

20 Weneve m%cﬂrﬁétﬁ%?df%re%sg@‘@ksre@erl&r ?b gw HEDY? tlthef fGREN IR antenna 12
of the differentr al receiver invention, the received signals
are anplif ﬂ@ofa%yhétthl@ iﬂnfmg od s rﬂWé?d ﬂglabﬁdpﬂﬁ@és@nmébc pesetped.fiieve branches

as di ffereg(%gteg%mmé% v'éfswaa;m%e I&;ﬁpﬂéw behenita! 16 962118, a%68, renverted,

i.e. folde own In ron1t e 25 transm ssion frequency to the
base band faspagtieshsyThig ﬁurt er ugesy the1@urent] gipsunmBion afethe wigdess ridkpect i vel y,

by the 51 9paliser 10 TbRR [ OGROARIBRNRYE 98CULIR! 96 BndB%onkRys 15¢, 150,

| 5e, respectively, Inverted square: wave signals fromthe inverters
29a, 29b, Q@EMMQQﬂmCE@@Vﬂﬁ@@@@@@mﬁﬁmﬁemYﬁﬁomomn converted signals fromthe
m xers 16a, 16b, 16c, -16d, 16e, respectively, are band:limted in the
band: pass filters 3la, 31b 3031c, 31d, 3le, respectively, and the

band: | i ni t Eig- 43 gmlb@ckrsehﬁmaﬁe b ankeapas 8idf 40 weprding 1ta tha yentvac Tha1d, 31,

respecti Vel’xéémn bl 4ble aﬁtglﬁlafl'zveﬁl Anﬁ}mf EIEBS a :L\gl%lessl}%:i{ rec8ver 331 18d !

8e, respectiverly, ghP hus converted into l'ogical levels presented to the
sunmat 26n pmm@@@ Slapgpigegil 52.a et solastoy SHiadicarhng ajdnregseser 30, apthen vy, |

respect i veg%uﬁlm%@uﬁmaacgps@%@thémﬁé Ao BsP56 3Tkl fo AKRUTS Lo the

Arctan2: function ) ]
signal§ from the microphone 51 and the telecoil 52, and further comprises means (not

shown) to process signals received by the wireless FSK receiver 30 for reproduction
by- the acoustic output transducer 54. The wireless FSK receiver 30 is preferably an
25  integral part of the circuitry of the hearing aid 40, and may even be fully embedded
into the integrated circuit comprising the hearing aid processor 50, and may

beneficially draw its necessary power from the hearing aid battery (not shown).

The hearing aid according to the invention thus incorporates a low:power, efficient
30 FSK receiver comprising a multiphasic reception scheme. In this way, a hearing aid

user may benefit from a multitude of new applications of the hearing aid according to



5 the | ook: up table 28. The subsequent bl ocks, the differentiator 22, the
| ow. pass filter 23, the decision block 27, the clock data recovery bl ock
24, the buffer 25, and the serial peripheral interface 26, have a simlar
confi gur at unctionality as in the enbodi nent j i 5. 10In
addi ti ona”tk'ggpﬁ’?@%é’ﬁnefi ts achi eved by utilizing a pent ?ﬁ%ﬁé’%"{"bgﬁ
configuration, the enbodi nent of the wireless FSK receiver 30 shown in
fig. 12 further benefits fromthe fact that the limting of the received
signal is performed in the base bandp2i.e. posterior to the conversion
stages conprised of the mxers 16a, 16b, 16c, 16d, 16e, respectively. This
further reduces the current consunption of the wireless FSK 15recei ver 30,
resul ting ik prakionoed Windidse imdté bentroBiH@NoribdritBmine GhO RgRHg GRNLE NUOUS
operation of the recelver .30 according to the inventign. Fig. 13 is a

bl ock schergiefess tseeptonpiigitaly encadesrdt sigpels Hghs beafipgtidnyent i on. The
hearing aid 40 conprises an antenna 12, an anplifier 13, a wireless FSK
receiver 30, 20 a mcrophone 51, a telecoil 52, an input selector 53, a
hearing aid processor 50, and an acoustic output transducer 54. The
hearing aid processor 50 is configured to process signals fromthe

m crophone 51 and the telecoil 52, and further conprises neans (not shown)
to process signals received by the wirel ess FSK receiver 30 for
reproduction by the acoustic output transducer 54. The wrel ess FSK
receiver 30 is preferably an 25 integral part of the circuitry of the
hearing aid 40, and may even be fully enbedded into the integrated circuit
conprising the hearing aid processor 50, and nay beneficially drawits
necessary power fromthe hearing aid battery (not shown). The hearing aid
according to the invention thus incorporates a | ow power, efficient 30 FSK
receiver conprising a multiphasic reception schene. In this way, a hearing
aid user may benefit froma nmultitude of new applications of the hearing
aid according to 22 the invention, e.g. wireless renote controlling or
programm ng the hearing aid, or wireless reception of digitally encoded
audio signals in the hearing aid. Piiiiicl: -
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1. Awireless FSK receiver for use in a hearing aid, saicl receiver
ccomprising a first anplifier stage, a |i mter stage a plurality of phase
déﬁmatil omyiomges, and a | ool o.t pCEMSHAMD: the first anplifier stmeobel}m@s
conne:t:ltw pawst he:asnput mﬁzwﬂw&mﬁ.‘emma@e t he out put of ®mheésd i mPt®r stage
;bEI ng split up into a first plurality of respelCTMaKi2007/©00f 493 pl Lt-a0P+F002
rof phase detection stages, the number of phase detection stages being
greater t han two, each phase detection stage conprising a |ocal -
oscillator, a mxer stage, a filter stage, and a conparator stage,
respectively, the input of each ',bane 10 detection stage formng a first
i nput of the corresponding mi xer stage, each of the corresponding | ocal
oscillators being connected to a secorsd i nput of the corresponding m xer
stage, the output of each nixer stage being connected to an input of the
connSpondi ngLAIME er stage, the output of each of the filter stages being
connected to an input of the respective.conparator stage, the output of
each of the 15 conparator stages being connected to the input of a.

| ook-up tabl-e, 4 Waeloma ikt reofiver i use dku peariag ié, $Mmmgeranmpmmamﬁm/al ue

f t of %gmgg H IEQ,Pp sgé%ﬁss

s'[ ggrgneg Sgha?acte |ze§ﬁFﬁQr %t ?Q%é;’litpL b%@#cé;%g?g %?&’leeffc\ﬁ | ocal
osci | lators i s'Wlenthe firg ampifierspaep deing corseiet iy e aw dadinitesmesdbfl t hat
the phase angl g efuftﬂaqﬂzeﬁeagmﬁi,, mgmt@ﬁﬁoefﬁ ﬁmﬂ%ﬁ%@@wﬁ@nﬁtages

are i1y 5 Rl et s e o g S

' characteri zed gummanmeemmm dafecﬁﬂna@edmﬁpishgmﬂo&t agpilbutar,sa dhixee. 3.
The wireless F ﬁgg hat the
out puts of 25t ﬁase %{&e ﬁ% on téogg& é{%’é%w%ig mp&f?‘;&o ﬂﬁsﬁt ook- up
t abl e bock vxhéﬁtemnﬁma/faamegedimmmmf@emwmﬂmﬂmemae@mfﬁ@e to

vei ghts. 4. Th@uﬂ%ﬁoﬁbﬁésloﬁl%écﬁﬁ&!ry%mgcmﬂgﬂ%%&ah&nﬂa chprgcteri zed
in that the phase deteCtion stages are adapted to receive anal 0og I nputs,

to process the®{HifRMQIng X fiage, the WtP“-’t of each mixer stage being connecied o an
AVENDED SHEET fg@eiratbogbspoitn-BRirahesaR dulput 3089h 462 EI13GstagBagangd of 10

1/ 09/ 2009 P rint - 09/ 10/ ,2009: i Cl. NERAM 000493:. 1 F. 2009 - .
| 16: 03W DEX/ HI Wﬁ‘l% 913 é‘%‘téﬁﬁai "'f“ﬁéﬁ‘%ﬂ(gz %‘ 884520 % 9. 2000
v 24 fordmthr ougimmrmmmmmgagmemwthempuﬂaf afeokiup geble, tedutpot afityd ti ze the
" filter outputs ﬁ[mgr Gl ver
accor di ng to Cugllar aracteri Z |n t at eacﬁg%g%%a é gg‘?é?a?or ‘has two "~
out puts, wher eplw&hwr@ph@adﬂmhmﬂaeenﬂe&c@azqdﬁﬂ il Fratthe fageneyer spd 5t he
respective ni x@hsioad sditod iSRRGNA B bRir eumON oG 8K Gibk®6hd #hat 0 t he

respective m x a
P t?;e pﬁase gnghas of the local oscillators of fhe phase detection stages are mutmally
20 staggered by 180°/n, where n is the number of local oscillators.

2. The wireless FSK receiver according to c:lann 1, ehatacterized in that the number of
phase deteetion stages is five.

3. The wireless FSK receiver aceording to claim 1, characteﬁzéd.in that the oﬁtputé of
25 " the phase detection stages are fed to inputs of the look-up table block wherein they
are combined to Arctan2-values according to weights.

4.  The witsless FSK receiver according to claim 1, characterized in that the phase -
detzetion stages are adapied 1o receive analog inputs, to process the inputs in enalog
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6. Awireless FSK receiver according to claiml, characterized in that at
«l.east.-one _of .the plurality of phase detection stages Is a differential
pﬁ&@@@i@ﬁé@ﬂm stage. 7. A net h{ﬁLl\ﬂ!BFAMﬂacesm ng a wirel ess FSKDKROOEI00493
for plovFiPRY 6s9%nal HIBFHIREarP g1 680, i ncl udi ng  t he NetiSHs of.4 .

recei ving said FSK signal, anplifying said FSKPGT#DI 2@07 heOQd83i £ ildd-0RSR00S
signal, splitting the arrpllfled limted FSK signal into a plurality of

si gnal branches, the number of branches being greater than the nunber of
distinctly detectable phase angles to be received, detecting the phase of
the FSK signal ‘in each branch of the plurality of signal branches,
calculating a logical signal. 15 vector based on the detected phase of

the FSK signal in each of the pluralit34cif signal branches, sunm ng the
signal vectors of the plurality of signal branches, deriving information
from-the FSK siformufbroyals e mixer stage anggid filten btageh andsro digitlze de, filker ehiypurement i ng
the derived i nfgy hﬁf&r%@% he hearing aid, characterized in that the step

of detecti ng t-he phase o e FSK signal in each branch of the phuality of
a mxed si naI by

tsignal 20 hes es the steps of creatin

I'mi xing the §f egﬁ#ﬂ#ﬁ@%%%ﬁ?@?&mltmw 0 o) thyt

band-1imti ng Mmﬁmdnm tgmits, redheng mhmmmm&omhmmm@mmmeﬁmb he

'm xed, nd- 1 i t e f ed determ ned | evel nd eneratlng
a | ogical val uéﬂ ba“;s’x%!1 EJEH rrpéél%il nggng %{pﬁr $ W%ﬁ%@d‘i" ®to claim
7, wherein thel’q@m@eeia#gﬂwf the local oscillators in 25the plurality of -
signal branches are nutually staggered in steps of by 180Vn, where Xxi is

t he nunber &f % wirdss PERIERBE: accorditg to claim 1, characterized in that at least one of AVENDED

11001 20001 rudEalIe LRSS ge ?@gszoo%é%sm%ﬁ%@dpa B8 DEX VPP

+4-5- -~ 4435 5609 25 bi &0- 666- 46;' NO 155 -P.5-- ' PCT/ DK 2007/ 000 493 7
11- 09- 2009 7- 9. Apethaddorpracestings wirlgssFSKosigehfosproyidnga Senehfor s hspingf

deriving infor mtmeﬂdzﬁg 2:1pe of Bkeiohg Rad Fsmigasl,e 1&9&: tRRFsRlsget er m ni ng:
t he signal acc %{)‘ﬁ gﬁﬁfgs%flc fugctl fromt e, ar urrent of the sum
of the | ogical HepEheP |%‘ﬁ‘?i]e Febinine
speci fic funct plomlityl ci\eippd 3santhds) die gbdr € bethdhtebadnt gradt@dh@l tﬂélﬁtlmber
of distinctly detectable phase angles to be received, detecting the phase of the FSE
signal in each branch of the plurality of signal branches, calealating a logical signal.
15 vector based on the detected phase of ihe FSK sipnal in each of the plueality of
 signal branches, summing the signal vectors of the plurality of signal branches,
deriving information from the FSK signal based on the result of the surnmation, aod .
. - presenting the derived information to il hearing sid, charactﬂrized in that the step
= - of detecting the phase of the FSK signal in each branch of the plurality of signal
20 ' branches includes the stops of creating s mixed signal by mixing the FSK. signal
with the signal from a local escillator, band-limiting the mixed sional using a low-
pass filter, comparing the fnixed; band-limited signal to a fixed, predetermined
level, and genorating a logical vélize'ba‘;sed on the conmpatison.

8. ' The method aecording to claim 7, wherein the phase angle of the local oscillators in
25 the plutality of signal branches are mutually staggered in steps of by 180°/n, where
1 is the number of signal branches.
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5 recovering the clock and the data fromthe | owpass filtered signal,

% w11 the recovered data |n a buifer_based on the restored cl ack,. and.. .
Tintesy PRI OME009 t or ed data from (HMSEANE! for use by the heari @(%QQTGOQ@%‘

lThe T R84 4t dfting td"IEEI}%fﬁmP@ HRHET Pt he step of det ebfilEy t WeSphase
qf the FSK signal in each branch of the plural PEJ/BK 20Q¢H400 aﬁchéé& ~09-2002

includes the steps of 10 splitting the signal into two branches, creating
two m xed signals by mxing the split signals with a direct and an
inverted signal froma |ocal square-wave oscillator, band-limting the two
m xed signals using a band-pass filter, conparing t he m xed, band-limted
signals to a fixed, predeterm ned IeveI and generating a Ioglcal val ue
based on the conparison. 15 Il. The méhod according to claim8, wherein:
t he phase q¥gles of the local square-wave_-oscillators i.n each branch of

[

.the plural dfe Brihnd roosiingcde elainy g, avherein he sisp of deninjes aBrpstiosthopsthef 180/ n,
Iwhere n is the FSE Il ﬁlfaxuaﬁsgtmalstaag @flﬁéi&ﬁumdgzthe-rslfg%amﬂa aesfa%eélﬂa to

AVENDED STEET FRERPURR BE Raente e f%%a@w%egw&é%%m of 10
the signal frors the spac:xﬁc fimction, low-pass filtering the differentiated signsl,
5 recovering the clock aud the data from the low-pass filtered sipnal, sioring the
- recovered data in a buffer based on the restored clock, and remévmg the stored data
from the buffer for nse by the hearing aid,

10. The method according to c:laim 8, wherein the step of defecting the phase of the

FSK signal in each brauch of the phality of signal branches inchudes the steps of

107 ' splitting the signal into iwo branches, creating two mixed signals by mixing the
split siguals with a direct and an inverted signal from a local square-wave oscillator,
band-limiting the two miked signals izsing a band-pass filier, comparing the mixed,
band-Hmited signals o a fixed, predetermined level, and generatmg a logzcal value

based on the compamnn

15 11, The method according to claim 8§, wherein the phase angles of the local square-
wave oscillators: in each branch of the plumlity of signal branches are mutually
staggered in steps of 180%u, whm 1t is the mumber of signal branches

12. 'The method amordmg to C:Iaxm 9, wherein the specific ﬁmctmn is an Arctanz-
-function,

20
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