*166166* NMETHOD AND W RELESS DEVI CE EMPLOYI NG A
PREAMBLE TO I NI TI ATE COVMUNI CATI ONS FI ELD OF THE

I NVENTI ON 5 Thi s |f ' | ates in general to
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met hod and appar at us .fQkeProvi di ng and detecting a
preanble that is used to initiate a comuni cations
exchange between wirel ess equi pnent. BACKGROUND OF THE
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normal |y necessary for a receiver to determ ne

whet her a transni tINGFIAEE GCOMNMPNIKAHQNSt e a

communi cation. In such systens where the transmtter
is normal ly active or systenms where the air interface
i ncl udes scheduling information, this issue is readily
resol ved. However FIELYyOFRE ISNVRYTAGNasynchr onous
protocol for comuni cations, 15 determ ning whether a
Gonmuni ¢ dthisanvengordesitasa génarah o e@frimunicenden systemerand gnore
still a significant problem This problemis further
exacpedifitatig tovdn erethod lved gpparaius fidrarovidingapdeteeytidigda predisble
comuni cations is unknown and by frequency m smatches
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battery life sensitive applications. The power
consuned in nonitoring for an asynchronous 20

conmruni cati on from anot her device to determnm ne whet her

an attenpt to GATKCROUND UISTHEANVENTION
significantly reduce the battery life and thus
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systems where the transmitter is normally active or systems where the air
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interface includes scheduling infomation, this issue is readily resolved.
However in systems usir}l‘g; an async;hronous protocol for communications,

15  determining whether a communication is desired in an efficient manner is still a
significant problem. This problem is further exacerbated where the particular
frequency for the communications is unknown and by frequency mismatches
between the transmitter and receiver, particularly for battery life sensitive
applications. The power consumed in monitoring for an asynchronous

20  communication from another device to determine whether an attempt to
communicate has occurred may significantly reduce the battery life and thus
available service time of the mobile unit. Clearly a method and apparatus are

needed for identifying when communications are desired, preferably in a time
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*000001* and power efficient manner given frequency

of fsets between conmuni cati ons devices. BRI EF

DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng fi gures,
where |ike reference nunerals refer to 5 identical or
functionally' simlar elenments throughout the separate
views and which together with the detail ed

descri ption below are incorporated in and form part

of tand peywerciffi¢ienimasner gbvep fiequeacy effsekdetwaen gemmymigations
various enbodi nents and to explain various principles
and dgdigemt ages all in accordance with the present
invention. 10 FIG | depicts, in a sinplified and

r eprBREIR BESCRIRTEYN OFHEHE\DRAWINEISenent s of a

wi rel ess communi cations environnent; FIG 2 depicts,

i n an exdiphaoynphming figurds] wbdke Hkagfaencohuraeralsagfemot t er
arranged to transmt a preanble signal. 15 FIG 3
depiidérsicalion fianti@xdppialaycléoens theoughac khedepgatamicwt aad
wirel ess receiver arranged to detect a preanble

Si gnattich folétherdvithl théiddtdi Bt @sscaiptionsietow drk @fcofpogtall in and form
pattern and an associ ated receiver sanpling pattern;
FI G paft df kHelspédifada@in, erlvé NEGAKdriil@lstrite §aadus BRAbddEMBents and to
showing, in nore detail, the 20 FIG 4 transmtter

pr easxblag wkiohs @Hdiphs A€ aBhREAgds QN &l ¥LbrdSFWifh the present
collection timng. FIG 6 depicts a flow chart of a
met heekntign.det ect a nmessage identifier in

10
FIG. 1 depicts, in a simplified and representative view, the system
elements of a wireless communications environment;
FIG. 2 depicts, in an exemplary form, a block diagram of a transmitter
arranged to transmit a preamble signal.
15 FIG. 3 depicts, m fm exerﬁplary form, a block diagram of a wireless

receiver arranged to dete(;t a preamble signal;
FIG. 4 illustrates a transmitter signal pattern and an associated receiver
sampling pattern;
FIG. 5 illustrates a transmitter signal pattern showing, in more detail, the
20 FIG. 4 transmitter preamble slot and associated receiver sample collection
timing.
FIG. 6 depicts a flow chart of a method to detect a message identifier in

a wireless receiver;



a wreless receiver; 2 FIG 7 depicts a flow chart
showi ng a portion of the flow chart of FIG 6 in nore
detail; and FIG 8 depicts a further flow chart
showi ng anot her portion of the flow chart of FIG 6
in nore detail. 5 DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENT I n overview, the present disclosure
concerns wirel ess communi cations devices that support
two-way ddanldapécsad Bew chgtrsbowmetaipetioaof the\iigw dhag of FI1G. 6
i nventive concepts and principles enbodied i n nethods
and appas dataik ahdr 10 effectively identifying an
initiation of a conmunication nmessage, preferably
asynchr ofdus8 ¢apmtamiuctheri flomschas skageg atpehenpemtion gbthe flow
radi os, such as portable wreless comunication
deviahes of ENeh invmere &tdilr equency mi smat ch exi sts
between a receiver and a transmtter, are discussed.
Bhe wirel ess comuni cations devices of particul ar
interest are those using frequency shift 15 keying and
a f reRuANcyD DESCRIFTHOM OF PREFERRED gMBODIMENINt | ve
principles and concepts apply to various devices
usi ng valmh 6usvik e[ the peienfdidtlbaitd @hcerSwiréléds R&hmunications
di scussed bel ow, various inventive principles and
comhichiztd @ASupftel @ofwH ematvaaticy #us parucnglyomeasust 0
use new and existing facilities within the wireless
CONTYHIMNE A ERBeAEMIIGRINEIPle@ SmbAIiRT iAWt dEhld Hhabtus 20
identification of a preanble or specialized preanble
10B'S Saerie\eletity ik Bh [HitZkiDE o PLW mEHi@hiba mEQhe, b ferably
acconpl i shed while providing a frequency

asynchronous communications message, between two radios, such as portable

wireless communication devices, even when a frequency mismatch exists
between a receiver and a transmitter, are discussed. The wireless
communications devices of particular interest are those using frequency shift

15  keying and a frequency hopping protocol, although the inventive principles and
concepts apply to various devices using various forms of modulation.

As further discuss¢dl below, various inventive principles and
combinations thereof are é;dvantageously employed to use new and existing
facilities within the wireless communication device so as to provide efficient

20  identification of a preamble or specialized preamble message thereby
minimizing power drain. This is accomplished while providing a frequency
mismatch estimate for adjusting the communications device frequency to match

_ the transmitter originating the transmissions.



m smatch estimate for adjusting the conmunications
device frequency to match the transmtter originating
the transm ssions. 3 The instant disclosure is
provided to further explain in an enabling fashion

t he best nodes of making and using various enbodi nents
in accordance with the present invention. The

di sclosure is further offered to enhance an .
under st af#f Hygtaahdiscigspicat pravideshtorfufther geplpip yiegn ¢ngleling
princi pl es and advantages 5 thereof, rather than to

| i mifashion theheshaadesiof making aydwingovarioqhmbodinesnts inacqogdance
defined solely by the appended clains including any
ane nditiethe grenend enventronnhe digpéosprenglbimibgr afferedrip snhance an
application and all equivalents of those clains as

i ssumderstanding arfdappieeiatiomige ihs toedti tepainciplee and@lveifitages
relational terns, if any, such as first and second,
top thereofhatiteotin anldnit eanly ink@nartie insadios dlhelinvehtgon is

di stingui sh one 10 from another entity or action

wi t hiztihedrotebs Byathe bypenégitlaimes thebidingrapy ymegingnis neck dating
such rel ationship or order between such entities or
act i thependbdeglof diis dpplcadtion emnd dlvejuivdleats io6 thakd dljimaagdissmay
of the inventive principles are best inplenented wth
or in soflfwairthePlirigfsRIGB tHAf the 1Sd sfUelhiichABtean] if any, such as
integrated circuits (1Cs) such as application specific

| Cs. firktant SecoX® a6y & tohiath, MaehelifkeQfe @EdbdNAY Yo &lirglish one
not wi t hst andi ng possi bly significant effort and many

1esi @i afdiRr eRRy BRAJ¥ALREOR Yiec kb QFilya¥@NBhEor iR Riid gl e

tinme, current technol ogy, and economc

consicHar fkh RiMstionMiEs Bikrdedh By suchenmrpeeRtisnand
principles disclosed herein wll be readily capable

of gener alihdAGf HeGH R M@Jt%n&lﬂ?%ﬁd%&ﬂﬁfﬁheaiﬂdemipé B ISs
and 1Cs with mnimal experinentation.” Therefore, in

the job&l ﬁxﬁ;lerﬁénte%qwmcﬁ\ﬁil S&fn@?@pr@ﬁﬁ%?ﬁgti’&ﬂo%fanany

ri sk of obscuring the principles and concepts in
integrated circuits (ICs) such as application specific ICs. It is expected that one

15 of ordinary skill, notwithstanding possibly significant effort and many design
choices motivated by, for example, available time, current technology, and
economic considerations, when guided by the concepts and principles disclosed
herein will be readily capable of generating such software instructions and
programs and ICs with minimal experimentation. Therefore, in the interest of

20  brevity and minimizati(lm;_lo\f any risk of obscuring the principles and concepts in
accordance to the present invention, further discussion of such software and

ICs, if any, will be limited to the essentials with respect to the principles and

concepts of the preferred embodiments.



accordance to the present invention, further

di scussi on of such software and 1Cs, if any, wll be
limted to the essentials with respect to the
principles and concepts of the preferred enbodi nents.
4 Referring to FIG 1, a sinplified and representative
view of various systemelenents of a wreless

conmuni cations environment will be discussed and
descr i bedefoxring todil@sk asomtifisd aad fepresaéive ¥ievmd VROUsb| e
to receive a signal 102 froma fixed transmtter 104
as Vbtemgpdementsiod a alirelegBcommanmicationsirar irqunpeaf wikbegliscussed
comuni cati on device. The frequency of the received

si greald d¢g@pibedl @8wirgdesdicomuuhigationaleace it io able togt@yard ngw!
by the frequency of :a signal provided by a signa
souri®2 franoa fikal ttanamgier tG4ers svetifas b kignalil P& Fremsinother wireless
comuni cati ons devices 104, 106. This frequency wl|l
15 k edoynnipeiadiidif daveset THer fomptrve of rhe aeceivey sigfial 402, 108 is directly
correspondi ng signal source in the receiver of the

W I ekied € ondadimaat bp thedequaey dDDsignkh progided By e sigeal turce
bet ween these two frequencies translated to the

nom e alle tenanitets of RGuUENSY cafimuiibiiohd &giten cy, i tratThishe
signal on the channel is supposed to be at is called
or fr&jfuercyedllliRelfse HifRrent 26 EftClyeqitRNRY & BorRSpovRIATY sidnel
transmtter and receiver. This frequency msnmatch in

par tso@fce inthe ¥bivErIfitiRNy ivd1dsh cOhMeRicAiRAdedeal 00. The difference
characteristics in the wireless conmuni cati on devi ce

AN Be@Sdth lthds@ Wl B&REhcIR tﬁﬁmmioftﬁet hPilBal 2hdrRBPk Ruerfcd lor
exanple, this frequency m snmatch for carriers in the

900 t%'?reiaﬂgﬁthgtaﬁ‘e Hnafdn I A 1395116‘F'lee8 fo ROk s @liene

sour ces ve a 5 part per mllio erance and this

I's tyRLERl Qe ﬁrJh%exYMyrn%Lrﬁﬁc?h CRNEANhERdsRftter Qr%\’r'e@&v?er This
100, 106. This large frequency offset particularly

ar i e S mhnitifch }N;{aﬁ'oﬁﬁrﬁcoﬁ{%mmslﬁ &ah b@BsnAigyiges 100,
106 are engaged in talk around or direct

characteristics in the w1re_:'less communication device can result in missed

15  communications attempts. For example, this frequency mismatch for carriers in
the 900 MHz range can be as much as 9 KHz if both signal sources have a 5
part per million tolerance and this is typical for the wireless communication
devices 100, 106. This large frequency offset particularly arises when the
wireless communications devices 100, 106 are engaged in talk around or direct

20  communications as suggested by the signal 108. The large frequency offset
encountered in direct communications scenarios is further exacerbated since
these éommunications are ordinarily entirely asynchronous. In asynchronous

communications the receiver has no indication when the transmitter will attempt



20 conmuni cati ons as suggested by the signal 108. The
| arge frequency offset encountered in direct

conmuni cations scenarios is further exacerbated since
t hese conmuni cations are ordinarily entirely
asynchronous. In asynchronous comunications the
recei ver has no indication when the transmtter wll
attenpt ... 5 a conmunication. Another issue with

asy riciorsRtEics e MyRg et iague orith asyrchepnouscjogppunication is that
synchroni zation is not routinely available and the
wi r glesksyrehranizgiiemisinghroudnely aveilabboandiibe Wisglessgommunication
nmet hodol ogy to overcomnme any timng offsets between the
r esplseick VU mbe oksa mFtheddlegyrte quesermeany tipnipg elfictstbebyasn the
nature of direct 5 comunication nakes it inpractica

t o uswegmechchnolls inforgurem iasditipoedictaige havers of dipdchl y due
to the power drain on portable unit batteries to

Pai reoaimunichriggoeies yt impoictidairionge sywitlonausiczatrivoatidon  an
asynchronous environment, the burden of identifying a
val imketbidyahinignitie cothe eaw¢rnigpif on prrablpumn dyttaied td mamham

m smat ches falls on the receiver. The concern for

bat tfedqyercy ied timtngisyedirdnivationl Onspaginahros@n shdemaichthei S
paid to mnimze the length of time a wireless

I eC eduydeh of identifylng aaalid signaBehcothet @t foNfeqaBney and timing
asynchronous comuni cation as well as mnimzing the
Pr OGRISMhEesFAIBRS the@tdiveed The camanyfdEbaaery IITE fuites that
signal for a nessage identifier that indicates an
18BS Y N B 41 RORkSd eCRIFH N YabPib infiRinAid BOTRhgh % timb @ SArcBERceild
Mtigation of frequency offset, timng offset and

POWaHusebd hdtive When HRSEBAYEn AYBINdHolEErIBLREH LR Rs REICas
achi eved when the wirel ess conmmuni cati on device and

I 1S RAFRRAEMe prbdesi ok BCRIVED aBh19zeANiAREAERL dighal for a
operate as descri be bel ow. The w rel ess

COMpRkLRGideannidaNd: aRlichR9 af 8YnbRodut ¥SthGahic&Ph RSt has

been made.

15 Mitigation of frequency offset, timing offset and power-efficient
message identifier deteCtit;n are achieved when the wireless communication
device and its component wireless receiver are arranged to operate as described
below. The wireless communication device 100 can be a typical cellular
telephone or handset such as those available from manufacturers, such as

20  Motorola. One such handset, commonly referred to as the model 195, can
advantageously utilize the principles and concepts when enhanced as described
in the following disclosure. The essential elements of the transmitter of FIG. 2

can be used in both fixed transmitters 104 and portable wireless communication



t el ephone or handset such as those available from
manuf acturers, such as 20 Motorola. One such handset,
commonly referred to as the nodel i95, can

advant ageously utilize the principles and concepts
when enhanced as described in the follow ng

di scl osure. The essential elenents of the transmtter
of FIG 2 <can be used in both fixed transmtters 104
and dssicesaliioeThe raspaiisr Z¥heeinEar losemngimgalensdafrapppcture
The transmtter 200 is common to communi cations

i nf rastemagimilpeto IntgeraedBigitahErhancaddNarvek gaupmantpyvafiable
Enhanced Network equi pnent avail able from Motorola
and feanm Mogasolajand nidiagd rrkeetwogrkss enceateddy sseviagi pseviders, such as
provi ders, such as Nextel Communi cati ons.

Al t axa] iCosimunicaenst Adngatitelye the2G@smigter 2Pl isidelidédina 5
second portable wrel ess handset, wherein both
Mandseind partable irtleglhaadbet, @heremrhotinianddee at can€iglrgd wi t h
one another in a direct comunication node as noted
abowemnRaicaterditagyt witl-b 8. an2therain aelivedrpb@amynihioskneaicagr am
of a transmtter 200 arranged to transmt a preanble
Si gnakediaboel. scussed and descri bed. The 10 transmtter
200 conprises a signal generator 202, a signal source
204, a (Retdisil fotREG. ;iafi xbniplat) 6lockdiagmin dfla tehsmittet 200
208, and an audi o/data input 210 inter coupled as
depidfagghd td BenshiiedsahBlesighdl isdidclissédBnd deedrid@S TR
control circuit 208 that is coupled to and is capable

10 SRInShteNBOVRIHRSSS adlshedah@dr $020A%ha sodbdh @/ dat a

i nput 210 or a preanble or preanble signal or nessage

| dentdnbihfler drul 206 bR 1 RY i8S hiliNAlauGigIaetadhk 2 Bdter
will be coupled to and transmtted or broadcast by

the & aBSM &eﬁ;?c(edzﬁ% trahBRitie} QQ‘ﬁn%@Q{cﬁﬂké ScRebl Gl 208
this fashion for clarity. In alternative enbodi nents

the tf]é’tr?é:@dug@é t@IndQ§54p§{')lQ o?&ﬁéehhg?@hethc’é”ﬁbdl@/%ata from the
audio/data input 210 or a preamble or preamble signal or message identifier

15  generated by the signal generator 202 will be coupled to and transmitted or
broadcast by the transmitter 200. The block diagram is depicted in this fashion
for clarity. In alternative embodiments the functions of certain entities, such as
the signal generator 202:, control <‘:ircuit 208 and a portion of the audio/data
input may be included alSng with others in a signal processor 212. The control

20  circuit 208 is coupled to and controls the signal source 204 to set the carrier
frequency of the transmitter 200. The signal processor 212 outputs I and Q
digital signal pairs to drive the digital to analog (D/A) converters 214, 216. The

analog outputs of the D/A converters 214, 216 are combined in the mixers 218,



t he signal generator 202, control circuit 208 and a
portion of the audio/data input nmay be included al ong
with others in a signal processor 212. The control 20
circuit 208 is coupled to and controls the signa
source 204 to set the carrier frequency of the
transmtter 200. The signal processor 212 outputs |
and ég di gital signalfpairs to drive the digital to
anal 2§ Wityan)vegiopsienglitonpa lpcalpsgllatgni22. Jhalasg! estitlpiar s
of the D/ A converters 214, 216 are conbined in the

m xeqoyplpd girectly xo@mier Al Gandithipugitd phasesshifira 24 thanshts the

| ocal oscillator 222. The local oscillator is coupled
di r gfhhdeyoflig: iajebliontligndlly D thdidhk elighix@r PIRSEheDhiphis@f the
224 that shifts the phase of the injection signal by
Tt/ [ 1 xer . The . - .
i xep bR 782l 3 BaMR ] sGthine BB EACHTI L ortieg guout s
the ' u [ ' . : r

S AREP P B Ve p PR Rl M, £ Gtk
t hatthétslszeg%‘bf}st}leh %g ﬁf'ehe? alts s:ggré:% benal, ﬁ?‘%ﬁt%leza%q]‘}m G

filter It ands and a na gnﬁfifier

or oHEREE PO “BAL G Aa ZsiFes TR RoSip O ERRU et e

tran n&;%Fr iOO and o e§ tion thereof are well 10
knowA" HREFCAY Aoruth e ‘the exception of the signa
generator, The signal source 204 be a

fracti ondi® W@Wﬁtééw %le.tr?n%%e%g?(éﬁgpz%fm gisgrof arg gyell
filter 230, anplifier 232,,di%ital to anal o _
Gonvierivapad avaylable. i thi pecertianof fheesenabeeneraigr gE‘Eﬁﬁ‘ﬁ“ﬁb
circuit 226 are all commercially available and known

i n t3Rureg 294 mynpe a Gpgyional-Nhphesiaery Thermixers 248, 396228, filter
include a digital signal processor. Such a device, 15
in o Vemphiichri?: disdpldn aRaige WEVHIRE 14, &% hage shidgr ¢d@nd
from manufacturers such as Mtorola, Inc. The contro
ci r cymminDYreard28 prgaicomaseialy givailpaly apd kaown in the art. The

signal processor 212 is or may include a digital signal processor. Such a device,
15  in an exemplary design may be one of several devices from manufacturers such
as Motorola, Inc. The control circuit 208 and signal generator may be a
standalone circuit, such as a commercially available field programmable gate
array or, as mentioned above, may be included in the signal processor 212 and
implemented in or facilitated by a software program. The signal generator 202,
20  can be implemented in hardware using, for example, a field prdgrammable gate
array coupled to a system level ,clogl‘( (not shown) to provide the preamble
signal according to the de}ails proviéed below. Alternatively the preamble can

be provided at least in part by the signal processor.



standal one circuit, such as a commercially avail able
field programmabl e gate array or, as nentioned above,
may be included in the signal processor 212 and
inplenmented in or facilitated by a software program
The signal generator 202, 20 can be inplenented in
hardware using, for exanple, a field programmbl e gate
array coupled to a system|level clock (not shown) to
provi de tihergsatwanthf &ansgiigaidl0 wec@nrgtidig ransmitaerrermtlg | s
provi ded below. Alternatively the preanble can be

pr owighettoatake aptargdt recpisiers whgrettheetranismyitigh 2¢5r oowsisesithe 8
In operation, the transmtter 200 is arranged to

t r arrigniet geaergroe 30 foe crestingrih¢ preamipla kignalpl teaprepable signal
recei vers where the-transmtter 200 conprises the

si gmampgesserdataceqi20& thairis parediciongr 4 freanprle perivld@nd rapeaitd
The preanbl e signal conprises a data sequence that is
Ber i duding a pluealivpo frireapdniods @aimadotanther tepeatted2® awr i ng
a plurality of tinme periods or time slots. The

t r ansfiptibarthefthabiohere 200 far preeided hdgrmi thacdstabhishecthe 204
that provides a signal that establishes the

t r angdtshiter opepRing fie@nt y SGURIRY aA® p@déiétintinkd fasqdency during
predeterm ned frequency during each of the plurality
of tdaBRoSth©piGralify FeinieQllss orifafods! AMS WahdnBiterffuitieR @icludes
includes the transmitter circuit or apparatus 206

t hathé Garaur eFcdN apRSRAHoMEat istolipied 244 Bé@Rale &AM ce
204 to transmt the signal nodul ated by the preanble

9 IN@dnal $HuFdeNB4 tPanBrh it sidn¥) MbduldiEioyRBE prREkSble ThRal
transmtter 200 is an element of a two- way radio

Syst&ihg tHe pARElG APRCL PEYds] ThdBahsBteR20AE bin Bfkment of a two-
st andal one, fixed base unit 104. I n another

enbo\d:i)’@@it) s%’l@n.t InYhe %B&ﬁﬁlegtqpmgﬁ& ep}?arﬂﬁ"ratstagﬁal@ne, fixed
portabl e transcei ver 106 arranged for direct

por tb’%@é &nif Rf4pﬁratrlglkﬂleﬁqn4b%dﬁlm@ itrﬁﬁstrﬂigé}SZOO can be part of a

portable transceiver 106 arranged for direct portable-to-portable
15  communications.

The transmitter 200 and the herein described preamble signal are
particularly applicable to systems using continuous-phase frequency shift key
(CPFSK) modulation of a carrier signal. Furthermore this type of carrier can as
here be used in frequency hopped systems where the frequency of the

20 transmission or frequency of the carrier is changed to a different frequency in a
succession of time slots, for example 64 time slots of 90 milliseconds each.
Each time slot is used to transmit a coded signal. In an exemplary embodiment,

the first three slots are used to transmit the preamble signal with predetermined



The transmtter 200 and the herein described preanble
signal are particularly applicable to systens using
conti nuous- phase frequency shift key (CPFSK)

nodul ation of a carrier signal. Furthernore this type
of carrier can as here be used in frequency hopped
systens where the frequency of the 20 transm ssion or
frequency of the carrier is changed to a different

f r ecilierelpristies £r usglcesssivag 369 indefhsting e gresgnse okthanpl e
64 time slots of 90 mlliseconds each. _Each tine sl ot
i s Usaamisgon.r lrsfither gxeprleny embgdiatent, the fiay theseesirs fry
enbodi nent, the first three slots are used to

t r arfsmsmittingethp preamble sigaalgreaal wevston the sepsttreapisdiingd
characteristics for use by a receiver 300 in detecting
t he fvwewmse of the transmission. In a further

exenpl ary enbodi nent, the first three slots for

t ansni t tRefgribgerighlyea sl &, e grahplay eeqien@yod thgrpreanle data
same three predefined frequencies. 5 Referring

bri efdngmtsgiofrH@ shdys thedirgxieapslats pf dequanmessoh. Thefirst
preanbl e data transm ssion 402 shows the first three
s| otwnahal dandllisécand stosB¥M adat frEheenty f/s tifter adiie Hgdusd Gor
mllisecond slot 404 is at frequency fl, after a brief
pauseamblel 2.5 @xkisgrbads f@r the frahskiise coctdsgd fequbidvges, a second
transmitter to change frequencies, a second nom na
90 nidnlihf @0 afillisécond Gifsmsdsion 440G rhale ABMuaticyf/P eAGIRNGYg a
j2. Following a 10 simlar brief pause, a third

1M gl larWieMpdubd, 8 @GR ntifA196 i BiSécofd #atBmisSioRRd®isahade at
frequencyJ3. The frequencies fl, J2, and f3 are known

by tR&ubhdns Mid RequaRits /AN ahy /e RioRyARY triRmtteY 200
300. if?ﬁﬁrder givers(fzﬂof {he preang?e det ecti on

SY St &by Sin MBS decRBMJON G hirl BRMEMCESSy dflthe frdam@ipd 3
are choSsen to be sufficiently well spaced throughout

the @yalibaB)s@n it SEHERE WS ihe feh@ndi8e 1952, and £3 are chosen to
be sufficiently well spaced throughout the available frequencies in the set of
15  frequencies or hop set. As is known if the frequencies are sufficiently different
from each other cancel{aiti?ln of ih.c; .signal at one frequency will not be
correlated to cancellation.at another due to multi-path interference. Another
goal of transmitting on three frequencies in an exemplary system is that a
receiver 300 monitoring the transmission will have at least one clear signal to
20  analyze for the preamble. FIG. 4 will be explained further below.
The choice of the preamble waveform or signal or modulation is

particularly relevant in an exemplary embodiment. The data sequence of the

preamble transmission is selected and then adjusted, if required, with a
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15 frequencies or hop set. As is known if the
frequencies are sufficiently different from each

ot her cancell ation of the signal at one frequency wl|
not be correlated to cancellation at another due to
multi-path interference. Another goal of transmtting
on three frequencies in an exenplary systemis that a
receiver 300 nonitoring the transm ssion will have at

| eag¥redsisemied pqusngeifset s thopraamhly sienal Hrvarss ap indegsbl e.
FIG 4 will be explained further below. The choice of
t he nymbandflfell perods ardw i using phase shiftesiylation pyefdrably an
particularly relevant in an exenplary enbodi nent. The
dat antsggueriime of 21t tadiangurveath peamblampenod sitemmadslation of the
sel ected and then adjusted, if required, with a 10

pr edeéapibig tadmissieq uapn oy a dith Sefuese comprigiigatsht er sughalof
traverses an integer nunber of full periods and when
BSi ngdipidas ozl Tlhie w0 dEtvwat dranbrfoatcin ab kyenglary dedigOeduces
mul ti ple of 27T radi ans over the preanble period. The
Mo duh@probabilaf of R&elyRfite@Ring alpadambissdl afla AN frandldat a
sequence conprising a tone or plurality of 5

i ndi sydnel athe td@id @8quedddandiSdisote stMBedbr IKBIeR flof e Sodk Betan
exenpl ary design reduces the probability of falsely

| Nt QhPdeRld Bt BRWEdsQUSTaADAR ithAstheR c¥doflisE R Be
signal. The data sequence may al so be sel ected or

chosgRed 8 'f‘?e&’ue%@;d@ffs%?tA C&J}Qéled?m{pgsﬁé(ghg’ﬁ BanS’/V(‘! CllC Bose-
cross-correlation wth other codewrds for bo tinme

f f t
O e R O A déﬁi?géﬁs“
COdQB@[? c&f!:g f(l %Q&ﬂ‘l détg’ 1risé"(9a|?a %mgrqgglon -ink%m%% S’Jt theEEge_'Of
codes or CO I nNg ata I n a fransmssion i s

conmmmyly, okagg fo“ n)%glﬂ§t?on%herestlﬁ9 Iaocfé%gssrgyt Pc{grtgprq lﬂigétak & h but 1s

wher e t e code does not represent such,

us efulﬂ rgaﬁl%‘fflyg%rﬁal §éc &%lof R? LAUS&ss %Bnél£t§on iOWoVel 291%8

corre% F I'S nov

especially advantageous.

15 A frequency shift keyed (FSK) signal can be written in terms of its
complex baseband envelope

s(t,u) =exp[jo(¢t, 1)) Eq. 1

where u is the transmitted symbol sequence. For M-ary FSK, each element u; of
the data sequence is contaiped in_,thg symbol set

20 W, e[l=M3=M,.,M-3M-1] Eq.2
It is not required that the data symbol set follow this format, i.e., a non-uniform
frequency deviation may be chosen. In any case, the phase of a continuous-

phase FSK (CPFSK) signal at the end of the symbol period is given by
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especi al | y advant ageous. 15 A frequency shift keyed
(FSK) signal can be witten in terns of its conplex
baseband envel ope s(t, u) = exp[jo(t, u)] Eq. 1 where
uis the transmtted synbol sequence. For Mary FSK,
each elenent u; of the data sequence is contained

in. the synbol set 20 u, E[1-M3-M..., M3, M1] Eq. 2
It is not required that the data synbol set follow
this fornmat an uni form freguency deviation
may be cﬁﬁéé Fﬁzehy cgge t he phaseg%ﬁ a continuous-
phase FSK (CPFSK) S|gnal at the end of the synbol

per I ﬁleré: ﬁ LR tlle m dula% T de)y)anETqug)elg di lr?tervg'l In
¥ K i

ere IS re erred to’as the no ation

| nde)ﬁis eggr%ss%r% tRe gssum ch S hall tH% ﬁrre%/rgl% ﬁtr!i&mlgs%soegins at time ¢

expressi e assu

t t 1t

or“oelut PhyEedh g?wralg»ﬂ@gagmgmse W L
r di ans.

f d enbodi
slgnal | é“ﬁ@ﬁe&a’g{areeg’biéﬁn%{"r gﬁé)?ﬁaﬂb 4 'kﬁer%ra%e[{de)yngt h- N

p¥23t8%né$ﬁﬁ$é%ﬁ§>e~t@2%w§“‘f L%a%%%g HEERaNE s’ Bht

over the duration i s

5( NTt aaﬁe elerirmijid)reewﬁ)ée t2“7? sl )f'Hbc an{lgenltn% Xsaelover the du]iatlon

of one N-symbol interval is
N=1
¢(NT,uy)=mh) u,, mod2r Eq. 4

10 For example, one embodiment may use an odd-length, M-ary sequence with =

1 that will have a phase change of ¢(NT,u,) = 7 radians while any M-ary
sequence with h = 2 will have a phase change of ¢(NT,u, ) = 27 radians.

Referring briefly to FIG. 5, a transmitter signal pattern showing in more
detail the FIG. 4 transmitter preamble slot and associated receiver sample
15  collection timing will be covered in the context of the current discussion. An
exemplary preamble time slot 500 is detailed to show a scenario in which a
known preamble waveform that is periodic is transmitted repeatedly throughout
the slot. This known preamble waveform, denoted as so(t) 502 has a duration of
NT seconds, where T is the symbol duration, in seconds, and N is the preamble
20  detection interval, in sy.-rr'_xbols. The receiver 300 wakes up and collects samples

of the signal for at least an integer multiple of NT seconds, i.e., it collects at

12



=0 10 For exanpl e, one enbodi nent may use an

odd-l ength, Mary sequence with h = | that will have
a phase change of Q(NT, uo) = 7r radians while any
Mary sequence with h =2 will have a phase change of
Q(NT, uo) = 27r radians. Referring briefly to FIG 5,
a transmtter signal pattern showing in nore detail
the FIG 4 transmitter preanble slot and associ ated

r ec dpasbenesamples pesiod of the prepghlesighnlnherqivesd0¢ wilkbeed
in the context of the current discussion. An
exerfhicassgd priaergidetail i the diseussiosoDFGs3det ai l ed t o show a
scenario in which a known preanble waveformthat is
per i odi c Tihg rapeated mansmesdion epbadandihyN proamblisietatsequenes 1o
slot. This known preanble waveform denoted as so(t)
502 thmgglaa GBF 3 modulefor reNfiltss maomwdsnal wnbpdment w atwayeform
synbol duration, in seconds, and Nis the preanble 20
det exith maniofd NTerAsali)l biedissysstxdhsrtly Threm neeeiveesigigld fropekiag
up and collects sanples of the signal for at |east an
I Nt ggar-ofruictv, pliedesirabTthstabosigie) havegeriod NTcolilheotsd at

12 | east one conplete period of the preanble signal.
The Rl6cgiRepeatd@Dithnginisbiobef a Bhgh-INsdaedlsel)lena® rheougitaai AFSKN
the discussion of FIG 3. The repeated transm ssion of
t he rhetugidr-diegnrt @egebdadlyd@héeras agiganiosithgeriotl INTRggdhda This
CPFSK nodul ator results, in a nom nal enbodinent, in a
wav efRrdenofsmatetl in B4, 0tertlin odiblevkthlsedvenddi hrougs£dPFSK
shortly, froma receiver signal processing

1001 NhodfatotivaW h + 1§ uhergtRs b ARk ehdnbBabf i RRAiSk 9R&lthd\RvRe of
period NT, as illustrated in Fl 5. Repeat ed

t r anpiAsicqierRt. ThelCPRIKRiNaldah Be BROHAQH GE LHRFOMER sBonds
CPFSK nodul at or doesn't necessarily generate a signal

PR A R i e
change of 2 77 radians is attained over the course of the length-N data sequence.
For example, applying Eq4, in the case of a length-9, M-ary sequence, with h =

15 1, and a symbol rate of 3200 baud, there is a phase change of 7 radians over the
course of this data sequence. To force another 7 radians of phase shift, and

attain a total change of 2 7 radians, and, thereby, a waveform with a period

equal to 9/3200 seconds, an intenttonal frequency offset is applied equal to:

1/2cycle

= =177.777 Hz Eq. 5
9/3200 seconds

v

20 This demonstrates one exemplary method of generating a preamble
waveform with period NT seconds by repeatedly transmitting an arbitrary
length-/N data sequence through a CPFSK transmitter 200 with a small

intentional frequency offset. As a result, a receiver 300 will be presented with a
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10 nodul ator with h =1 undergoes a phase change of 7r
radi ans over the course of the data sequence. The
CPFSK signal can be forced to have period NT seconds
by applying a small frequency offset to the preanble
signal, so that a phase change of 2 7r radians is
attai ned over the course of the |ength-N data
sequence. For exanple, applying Eq. 4, in the case of
a | eniggplar ghift Wh@fyhgéw@ﬁ@é prwqbﬁ“— signal ) 02, asiflusirated in
synbol rate of 3200-baud, there is a phase change of

;r rl|@i &ns over the course of this data sequence. To
force another 7r radi ans of phase shift, and attain a
t ot al chdngee ghbo@ifent p aidiphnehoicaefithetdhie sedwgncear Wweassfusnen
with a period equal to 9/3200 seconds, an intentional
f r eufemcspmefsipbel repeamp Pl tined, eeuiang in@:singfestone drearfible yighad.
= 177.777 Hz Eq. 5 9 / 3200 seconds 20 This

denohsi sabesdsingblexieigel dnoe ang s uoiong erne matyi falge the
preanble waveformw th period NT seconds by

r epesteedryant g0 sedttytwakg itdfonas poweradyserviaesrgmbdeNIrdadeher
sequence through a CPFSK transnmitter 200 with a snal

i Nt edrhibodnmdnt, farcheide Raye Ohdts-8isequihcefitiestutni , a recei ver
300 will be presented with a 13 circular shift 504 of
the transyititpdprpambipesipgmgl so(t) 502,Eq@@s
illustrated in FIG 5. In one enbodinent a sinple

choi &EicpfogF1E§baa&@1 18 GHRMTRQueHlich. STh3 cBAEMGNESsyndol ¥ D
same synbol repeated N tinmes, resulting in a

R NUnenli B8 Badel SRR lﬁrcﬁda%‘lﬂbolvecﬁ ankdth$ frb§ueR@L erfor that is
desirabl e choice, since any spurious tone, etc., may

fal sgpthss. FeC& el i ‘T’d?ge oY 851 8R4 e¥roWalEexiptettd, Qﬂa &h
power conservatlon modé. I n another enbodi ment, a

Chol G&mbfiry REeil &6 Ean&oyfse&%gq#tegfm!ﬁs W limited
passband, then the symbol value D should be chosen to be small enough, so that
the signal does not land in the transition band of the analog filters.

15 In another embodiment, the preamble or preamble sequence may chosen
from a code set comprised of multiple sequences. It has been determined that
cyclic codes, such as non-binary BCH codes, provide good distance among the
code set in the presence of time and frequency offset from one another. These
sequences are always odd-length, so, if h =1 is used (or any other mod index

20  which produces a non-periodic signal), the offset adjustment described above
may be used to produce the silgnall_o.f the desired characteristic. The signal
processing elements de‘_s_;c_{in_bed béiow apply to a tone signal of single or multiple

tones, or the BCH code set.
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uo = [+D +D +D +D -D -D -D -D] Eq. 6 which toggl es

bet ween two tone frequencies. The choice of the synbol
value D 10 should be based on the hardware invol ved,
and the frequency error that is expected. For
exanple, if large local oscillator errors are
expected, and an exenplary receiver 300 enpl oys
analog filters 348, 346 with a limted passband, then
t he symb&efopangie FiO shourtenpdarg hiosk Aiaggmind agyigplgss recever
enough, so that the signal does not land in the

t r arddDaiTergel sndetest a pisamblasigogl Willlbe disgussadsand desgnbeda elrhe
enbodi ment, the preanbl e or preanbl e sequence may
choswereles ragmver X0 dea sepooenf ths exdretshs eamrmimdagion devices
sequences. It has been determ ned that cyclic codes,
suchl0as106and s coaupyisdd@ifl ooodresore pomporsats godemehts thanioe
anong the code set in the presence of tinme and

for e qusmicy canfefikBibit nbri-Gdenlotheraetanitiee such b fsq@iengeigsaribigs
are always odd-length, so, if h =1 is used (or any

ot herhesmitbniideh® xha24d tanhdtiGlarips HEH CleSstaaistianngiee andlvaiation of
signal), the offset adjustnent described above may be
us edhd onffoRet< esell Yeths c@Ralictdh of he wirdss @eeiver 300,
characteristic. The signal processing el enents

des cni h&@fnddel] @stoaPkly ad katdrytvenggede@nald ehp&hia, endther
multiple tones, or the BCH code set. 14 Referring to

FI G.unBlanfddl iR%RBTImMahoR) S6kedi 801 @i 8deivar Wi 1 el ess
receiver 300 arranged to detect a preanble signa

19 || be dihseUssRieraiNfhpaessialssiity DAfhe WréI&s 8&Siver. Among
receiver 300 is a conponent of t%e Wi rel ess

COMLG ﬁﬁ& e ﬁe&itﬁ:\“:)c@ﬁiati(;rp@req&%y Rchtibs i i) 'iﬂegi‘é‘glthyff the
one or nore components or el'ements that in 5 practice

can iexhid iv,srigtligﬂs' 6@@@40%9&@5‘3&%{&%%@ 312% lscl%nn(ﬁ§g a signal

frequency I nstabilityy.  These non-

CNarBEIERAPIhEG Tadkirk Sieh'at RFpkARurS bl doipbfidth cIRRE e,
Frequency variation will cause a received signal to be shifted above or below an

15  intended frequency. It is then necessary to mitigate the effects of the frequency
variation when processing a received signal. Another impact of the wireless
receiver 300 that must be overcome, particularly in the asynchronous
environment is clock timing synchronization.

The wireless receiver 300 is arranged for using or detecting the

20 preamble signal as discussed above or a similar specialized preamble message

and comprises a receiver 302 coupled to a sampler 304 for providing a plurality

of received sample sequences to a controller 306, normally including a digital

signal processor (DSP).'"/K_':'preamble detector circuit 308 and power

15



the conponents used in the construction of the

wi rel ess receiver 300, environnmental factors such as
battery voltage | evel and tenperature, and other

unpl anned interactions anong el enents of a rea
receiver. 10 There are several inpacts of variability
on the wireless receiver. Anong them may be frequency
variation. Frequency variation is often the result of
t he copseRefianeirquy3il 8 jay ke sigrdaiang cEeiis On BrIemenitamsifgicHgns
and surroundi ng a signal source and other factors
suchpfake qopipitar g% r Eneapmehmibdsngeeason 8 0& premajesses Weschbedyelow.
Frequency variation will cause a received signal to be
shi fihedoaboscasayatige cisgwitad] 0 DBeratss orrdéuge theagreheopsumptions
then necessary to mtigate the effects of the

f r ecuidireoyirelgsacommininatighaavipy Hddysemgviag eprredicingdghe power
signal. Another inpact of the wireless receiver 300
tShatto moistssbeiabviengooeredysangtthaudladl pteitmedriespondingly reduce
asynchronous environment is clock timng

sy naheiopiwea corsnmpildreduning brisis of meaiwtg or Bd0cedsicéwityaiiiged
for using or detecting the 20 preanbl e signal as

di squssechnadroat®ne@ircit 3li0mipkates speducalpbeithspgeoailndal the
nmessage and conprises a receiver 302 coupled to a
sanpligdless teifver300 niootilginogitaing|foiraaprednyble sifnal ecthi wedless
sanpl e sequences to a controller 306, nornmally

I ncldagini@icatiéh @vical100 &iig Bidthdd 1€ BSSER mddBSMk.controller 306 is
A preanbl e detector circuit 308 and power 15

1QONSBLYIBY Lo ME GBI 4 cenpridinFBldde: mdabslablaie ntdniceyi t s

or inplenmented as functions of the controller 306.

The preantpk @ecdRtELRbceRRBa APRH 31 €SordtisHRIPrédafit H|laON.
The power conservation circuit 310 operates to reduce

the POWRL 3 RONTEIREIVED sighdl i MEpWIth 8lrEHS FEQEHMNiIER B @ hat
devi ce 100 by renoving or reducing the power 5 to

non-&3senltd AlecCodt SHbdnd eRérgy SEHE tRGvENGEdal &ldQRK sigRdigs t O
correspondi ngly reduce

then amplified by an RF amplifier ;522. The signal is further processed at a

15  mixer 324. A signal sou_yéé 326 comprises a synthesizer 328 and voltage
controller oscillator 330. The synthesizer 328 is referenced to oscillator (not
shown) that is typically specified to be stable within 5 ppm (parts per million).
The synthesizer 328 controls the frequency of the voltage controller oscillator
330 to produce an injection signal 332 for combining with and down converting

20  the received signal at the mixer 324. The resulting intermediate frequency
signal is shaped by an IF filter 334. In an exemplary digital receiver, the signal

is split and mixed to two base band signals.
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their power consunption during periods of inactivity
or reduced activity. The power conservation circuit 3
10 operates to reduce power usage when the wreless
receiver 300 is only nonitoring for a preanble signa
or the wireless communication device 100 is in

anot her | ow power node. The controller 306 is 10
coupled to a nmenory 314 conprising volatile and

non- vol atlihedrepeswoy §f thengecriereEnad 3302y meickiovrsgrlg match the
signal 316 conprising a preanble signal at antenna
318. redirecdrsegpel v ¢t @sepfalzeiognisheqdeate figquanayaekieeyer or be
frequency filter 320 that operates to reject out of
banddedherigly dfsettanamoguigiqua do @i greanedaatel frequiescys suphab 13.3
then amplified by an RF anplifier 322. The signal is

f ur t hegahpo tiesseldrsatod an hé distussionSRAew Ahere gheasignslionce is
326 conprises a synthesizer 328 and vol t age

cont adplstedno aldow the adjatiod 88quehtietoynédi égiadeiqud2 niisnatch
referenced to oscillator (not shown) that is

t ypi wah thy r&ped fiped tHaoit xein sHiaddneexwi t hin 5 ppm (parts
per mllion). The synthesizer 328 controls the

f r equencyMet spdreicdy § a@end oIk BRI prodiied & 8cod in@dfbrt O
produce an injection signal 332 for conbining with and

dO\/\nfr&ﬁeﬂ@rvtmagls gRividae i £9rde¢RA shifilgd ddrsidh fdr@xifl %eth the
324. The resulting internedi ate frequency signal is

shap@erhydiad frbduchdy digfal é—’l%ﬂxerbﬂo aRd SRRl Yerslb fdr Mixing
receiver, the signal is split and m xed to two base

hﬁn wh @@ arktémea&teTftbau&fc?@;gﬁalcaym%r 84 THY R&NHiRbasd GAa

332 may match or nearly match the received signal in

the gasg S’er@llf RIEGreld S £ MR IR Snals a‘?élHl@é?@d’bf BREbMRITIRFs
be dellberate y of fset an anmount equal to an

| nt erqedly §E§re§;§e€ﬁ\9’eggl' C¥hesS AR tﬂr@re&né’@@é‘@ﬁé&ﬁcall& thel S

understood in the scussi ons bel ow where the signal

SOour Gt §1lg§?l§lﬁbllrﬁl{;eel%sé Bard QW of OHHéoet%ttljle%mE)[e? Se4eARCY

to correc requency m smnma

depicted. The sampler comprises analog-to-digital converters 350 and 352.

15 The analog-to-digital converters produce I and Q outputs that are digital
signals and that are coupled or sent to the preamble detector 308 and the
controller 306 or just th:¢: controller 306 depending on the implementation
configuration. ”

The controller 306 is also coupled to or includes the memory 314 that is

20  used for storing program instructions and configuration data 354, algorithms,
such as correlation routines 358, as well as waveform samples 356 or
information corresponding thereto that is used in the further processing of the

received signal as well as a plurality of other routines that will be obvious to
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with the received signal that it is in this context.
More specifically.a second oscillator 336 produces a
second injection frequency which is provided in a 90
degree shifted version for mxing with the

i nternedi ate frequency signal at m xer 340 and an
unshifted version for mxing 10 with the internedi ate
frequency signal at m xer 342. The resulting base band
si grrae of ondimapyeskillbut Sragare agt relgvans far oxmppreyses. Jrarentgiler
filtered by base band filters 346 and 348

r esp@étis soaplpd toTthe signad seyses B6@hd isaperabledd gdinst g@drequency
specifically the output signals fromthe base band
fil toditls sagnel ourei3d@by @ corttebsigealpé®er 304 as  depi ct ed.
The sanpl er conprises anal og-to-digital converters 350
and 352. Thé stfipeurareddnmgtstod thadi vgrdleab recamerei0f eresgeperaldfulomwin
and Q outputs that are digital signals and that are
Goupinédvaolabls @and mhp b¢ medified andplem teckati daricton B08cadahct vith
controller 306 or just the controller 306 dependi ng on
t he thenpveneapatdigies and@nfidegs dat losdd. herklire Tho signadlsbetce BB6
is also coupled to or includes the nenory 314 that is
20 us®bef o esdn@pl¢, Adrapti@g -NEyhth&sizetl The @fiseradmd, 340, 342,
configuration data 354, algorithns, such as

cor rfgteast 3203340844, BES ahpBfierad32 WRtillatas 380386 Ofhav Sl 838,
356 or information corresponding thereto that is used

i N tahe ahdisd-Redigitn 06:8884H950 51 e all ceGRENRMy SUHRBle 208
well as a plurality of other routines that will be

1Q0V i 1@H%n brPthd 4rt O @hefxe@p Ry ALY whdtE the cBttolleNds i@bLinf1des a
rel evant for our purposes. The controller 306 is

couph@d vhfouks REvisds GRAnoSAURE Bvaddbie &DM rhauPREEADLRN LY
adj ust the frequency of the signal source 326 by a

Co ntWIQtlorcﬁ’d Wll‘heglﬁgrno%rﬁ4 %H{Bﬁngé a(l)latﬂle GRERYSy C@Jtllé Jﬂgmory

W rel ess recel ver 300 are genera Yy known
is also commercially available and known and may be included in total or part
with the processor. The preamble detector 308, if implemented in software, will

15  be implemented in or facilitated by the DSP or processor. When the preamble
detector 308 is implemented in hardware a number of commercially available
field programmable gate arrays or the like are suitable for performing the tasks,
given the principles and concepts disclosed herein. Implementing a DSP task in
logic hardware is known in the art and can be accomplished by one of ordinary

20  skill in the art without undue experimentation given the discussion and
explanations herein. Thg power conservation circuit 310 may be implemented

by a commercially available field programmable gate array or in the DSP
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5 and avail able and may be nodified to operate and
function in accordance with the inventive principles
and concepts disclosed herein. The signal source 326
may be, for exanple, a fractional-N synthesizer. The
m xers 324, 340, 342, filters 320, 334, 346, 348,
anplifier 322, oscillators 330, 336, phase shifter

338, and anal og-to-digital converters 350, 352 are

al | dependinrecingh¢ yurakea pf avilebleeratro bablkeyupnts on tha&SEend then
the exenplary case where the controller 306 is or

i nclpeakes reductpBRequiramerseief thevirisy under donsoln and
avai |l abl e from manuf acturers such as Mtorola, |Inc.
The nenodyogtatjonchapritclsssrgearcir 300 iserramagd towetecoh ateamble
menory is also comercially avail able and known and
may signal, sedhied @a preantbixt ddscrdred povie angviot dxittalsenglpyoloegeeer
The preanbl e detector 308, if inplenmented in software,
Vi | | mdde doehei likp lvéhee Hegptkaintbleos détaed. Thatvadleizyredeiner BIEP or
processor. \Wen the preanble detector 308 is

I mpl compRtad redeiveas@nfar scaaning) abachohowsmie sequahtiayly during
avai l able field programmabl e gate arrays or the |ike
ar e swikeaplimefOfluaityfodpradagmiih®l fra@ksies feH tNepredrilile signal.
princi pl es and concepts di sclosed herein. |nplenenting
a DSR:fEmisK bhiétly th ®UG C4, farrehvadetialise k@ (RA) shiiple aihdingdid
can be acconplished by one of ordinary 20 skill in

t he @iflitbe\disciiaed. THGMRIVX P dolBdl Abde @AmBley &safPR sequences
di scussi on and expl anati ons herein. The power

RONSKkMRLAEOR I 12 CHIAt andldd 6 ABe Red SHRdcRMBHCE Preal¥lca
comercial |y available field progranmabl e gate array

or 'f'PquBEk?c id9SR thigcéi@nﬁﬁwd?ﬁ @ Tige d@Hﬁbﬁéqu@ﬁmé\@bér@anhe

control | abl e out puts on P and the  power

redughi 8RthE RALIVESTE %e%x@rsxiy@%n&dér&féh& Bﬁcﬁﬁ%ﬁo&%ﬁ Ll be
In operation, the wireless'receiver 300 is arranged to

det e&bexﬂn&ﬁﬁ@'ﬁ%leﬁmn%ﬂl QN@A app%ﬁ%@te%%véﬁﬁeﬂglqmtﬁns and the

descri bed above and to exi't standby | ow power

like. The receiver 302 may take these samples, for example for 2.5 milliseconds
15  each, beginning at an unknown time relative to the beginning of the transmit
cycle, as shown by the offset 420. While the drawing is not to scale for
readability it can be seen that if the receiver collected samples at exactly the
same period as the transmitted slot, in this case 90 milliseconds, and the offset
420 was such that the sample sequences were taken during the transmission gap
20 between frequencies, one or more of the sample sequences taken in time
intervals 412, 414, 416 might be taken at a time when there was no transmission
and the preamble signal would bq_l_missed. In one embodiment, the receiver 302

sampling period is set to-a slightly shifted rate, in this case every 80
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5 node or the |ike when the preanble is detected. The
W rel ess receiver 300 conprises a receiver 302 for
scanni ng, asynchronously and sequentially during a
wakeup tinme, a plurality of predeterm ned frequencies
for the preanble signal. Referring briefly to FIG 4,
the representative receiver (Rx) sanple timng 410

wi || be discussed. The receiver 302 collects three
sanphidisegnds gerfiesubseguisahwayple peoods arg plified fraratheal 412,
414, and 416 at the three predeterm ned preanble

f r ecjaesroisgien piripds, fhas iscddd end #24ase eldser fo, the peginmang offike
actual frequenci es depend on the band of the receiver
and cohrespdidiag Barsyitten franscrassami psried, dielpngds enbureishargadhpf the
can be experinentally determ ned given appropriate
gov grreamehi Gitquemgesl vatlibe awailabld td the reckivkre302 Tinat leasterievod the
302 may take these sanples, for exanple for 2.5

5i | |trasgowsidspebdeach; begi nning at an unknown time
relative to the beginning of the transmt cycle, as
shown by Reheniog fosdG. 3,28 wikiedseedetver M0aadorvgmipssendlie t 0
scale for readability it can be seen that if the

r eceampler 801, kagleddo grnpleasr 312, &xaclldeying Hgluraigne reiviedd
as the transmtted slot, in this case 90 mlliseconds,
and shipleGbdiusades, widDonsascebidd Rarhflatequitee sallgalet asaghiefbes
were taken during the transm ssion gap 20 between

f r eqraRgy @5 pre@@temifiedRigBerefest HEons AMPbEMILLIKOBERAS feAli@N
intime intervals 412, 414, 416 m ght be taken at a

flol My 1A, & FRdr@cAbB D SR AINANTnSS IR and s ddp@soneaah e

signal would be m ssed. In one enbodi nent, the

I eCeh¥Edr ndfiBer oT PBMds R tHR PFdaRBlel sSenddr viaQeBrmd 508 N did/that
shifted rate, in this case every 80 19 m|liseconds,

SO theresHPSEaNSr PRI AT WRdSpradeht ist M digth fLam,t he
transm ssion periods, that is 422 and 424 are cl oser

10 tdhehoREgnPRIHEpAed RS seqhcE BERRPHsNGedifiels T Safiple
transm ssion period, helping to ensure that each of

the pairs taken over the 2.5 ms window at a sampling rate of, preferably, 51,200

15  samples per second or ,_1;238_,I/Q*sample pairs in each 2.5 ms time period or
observation interval. Thu.s a received signal sample sequence is comprised of a
multiplicity of samples of a received waveform or a received sample sequence
that is collected over one of the 2.5 ms time periods.

The wireless receiver 300 also comprises the controller 306 coupled to

20  the receiver 302 and sampler 304 for performing a correlation based on stored
routines 358 between data corresponding to the preamble signal stored in
memory 356 and data corresponding to a received sample sequence to provide a

correlation result and for comparing the correlation result to a threshold value,
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preanbl e frequencies will be available to the receiver
302 in at |least oneof the 5 transm ssion peri ods.
Returning to FIG 3, the wireless receiver 300 al so
conprises the sanpler 304, coupled to the receiver
302, for collecting a plurality of received sanple
sequences, With one received sanpl e sequence col |l ected
at each of the plurality of predeterm ned

f r equfersisiressin memogn &l 4caideldinmian wher the pamplesighelrtiapbBesn10
412, 414, 416 are each 2.5 mlliseconds (ns) |ong and
t hi dletsoted e 4 powdsconsereation chigwigdO caupigskio taf coplsplianddé of
the preanble signal or waveform 502. Note that the

r ec@ipytds & ryAede tior powree eamishireptgingpd dic wihadess paceisem00iuntilt he
digital receiver enbodinent is conprised of a
sequehbel lnf the agrpiolsr, siepidicalfy mednible detQta athql tee prpamble
taken over the 2.5 ns wi ndow at a sanpling rate of,

pr efseanaltiay beenkleR0@d.15s dacpbedsbpey, tlwsaopldr 304 is operable to
or.1.28.1/Q?sanple pairs in each 2.5 ns tine period or
obseblat baofl thd @uiatity.of Tdtesedisahgdedeyethc & dynag eshmpihe
sequence is conprised of a nmultiplicity of sanples of
a r apeisver MavAabor BrafpralefeRtiaed Bl FaTHal B ARRUBPIES case
that is collected over one of the 2.5 ns tine periods.
The 24 mali®ssnds EORIpr&imbi gl 8 QeGeiPsed &S intdger multiple of N
controller 306 coupled to 20 the receiver 302 and

SanmMiy@bol3 Gths hRMetB@kih&y hdgerdd GO§HoRInabb @ n BRSEZ u&ibn
stored routines 358 between data corresponding to the

10r €388 iSEQRahdsLyos.ed in nenmory 356 and data
corresponding to a recei ved sanpl e sequence to provide

a corr ekglifthg @DplihuAntet ®n AAARRIdGY JedullEs that the
correlation result to a threshold valtue, 20 al so

sto rp%ian{bme be/ syﬁéi‘ﬂ’oﬁi?edqﬁ b6 mn{éeanmﬂuetnt‘)ewgﬁ R efess

signal has been “detected. A power conservation
Ci r Gllet,eB3dQ coupled to the controller 306

The controller 306 is operable to estimate a frequency offset between one of the

15 received sample sequences and a nominal frequency of the signal source 326 by
locating a peak of a correlation of a magnitude squared value of a Fast Fourier
Transform of the received sample sequence and a magnitude squared value of a
Fast Fourier Transform of an expected preamble signal where the expected
preamble is stored in the fﬁemory 356. This peak in the correlation results in or

20 provides a frequency offset or estimate that can be used to adjust the received
sample sequence according to the frequency offset to create an adjusted

received sample. Then a
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operates to reduce the power consunption of the

W reless receiver 300 until notified by the
controller, specifically preanble detector, that the
preanbl e 5 signal has been detected. As discussed
above, the sanpler 304 is operable to collect one of
the plurality of received sanpl e sequences during each
of the tinmes 412, 414, 416 or for a predetern ned

ti med Perlapmeidpmain caelagindie)v e data corespording tg dregriepsnble
The preanble signal is periodic over an integer

mul tsigiakangfthaadjusiadisesieryed pample peadence srialsalgteditorpropide ithsd
as shown above in the discussion 10 related to Eq. 4
and ®greladon Eal- oyi ng an opti num det ecti on et hodol ogy
requires that the preanble signal be synchronized in
bot h t i nmé\naxbavstiecpndrstyighi fotwarheomputatibr o6theseeobicympy
300. The controller 306 is operable to estimte a

for e cpudlrbe Weofiddseipraoetalveieen mrike drhe b¥adlabld bsingomirobet 306
sanpl e sequences and a nom nal frequency of the signa
sourwlele3B8 nipgtind @batrequiyemenpe akcosf and power@hatmpoion off sa the
magni t ude squared val ue of a Fast Fourier Transform
of tseof @cei wedregaanpy estisaquand e siagld saardhegmlid doerelation for
squared value of a Fast Fourier Transform of an

ex peatrhesftffer 8 arpbedaind rrbmwmlesded folke exppiireembqiimanbl e
is stored in the menory 356. This peak in the

- corr el at ima8 pfegmbletdstet tiongodithnp 6Oprbebeswarkh b 6 ikeCyumber
of fset or estimate that can be used to adjust the

TeeC VN compleR ben QWS eHRGEcenea QigHAilNghdrd Mifi@e pF@mbBRPeMod
offset to create an adjusted received sanple. Then a

21 anGhBdld, ahd M RARrdRer o GARhpRE AdrisPRbdet MRRN M tsRould
corresponding to the preanble signal and the adjusted

F €CEeMRBscA MR £pSRAEACH thit staAlAY FAL Bourkp TROBHA EFT)E
techniques can be employed. In one exemplary embodiment, the controller 306
first computes a zero-padded FFT of the received signal or received sample

15  sequence, and takes the magnitude-squared:

2 |2

W

] 1 N N-1 .
P(y==—— ) re [=01..2NN-1 Eq.7
r() 2 NSN § k 5 q

This computation has a frequency resolution that is twice that of the standard
non-zero-padded FFT, where the frequency resolution of the standard FFT or
DFT is equal to the inverse of the observation interval or time period over
20  which the sequence of sar'ﬁples are collected. Where this time period is 2.5
msec the standard resolution is 400 Hz and using the zero padded FFT this is

improved to 200 Hz. It has been experimentally shown that doubling the
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correlation result. An exhaustive and straight forward

conputation of these values may 5 still be deened
i mpractical given in the tine avail abl e using
controller 306 while still neeting other requirenents

of cost and power consunption. If so the use of an ad
hoc frequency estinmator and a single search of the
correlation for tine offset is proposed and _

r ec OmaEeNE desplytion a2 \GYs dapEsavyr Berpeier] serprles cpiectpr dmmg (the
. detection algorithmor process works on a fixed nunber
10 NRSpbifig pesep iprovidsa argtaggtio perfdrmancg daprpeemasit ginthe ad hoc
where Nis the preanble period in synbols, and NS is

t he fregmbrey estimamnpl es per synbol . Usual Iy, NNS shoul d
be chosen to be a power-of-2, so that standard Fast
Fouri er Thanmfuitude fqfaTed vatue ofithi gyested preainblesrgnhlo ys thding
In one exenpl ary enbodi ment, the controller 306 first
GO Nty ergeraiondrfteqpadd effsde bdded fat thb @ansedwdryadesirifjedhdboee, is
recei ved sanple 15 sequence, and takes the
magniré-ustap el aftedengtizof-thi2 teptd matchasthe 2drd2pddiipd EngihloAe
/ =0,1.... 2NSN -1 Eq. 7 2NN k-0 This conputation
has the fac@desyigml, n&BQl ution that is twice that of the
standard non-zero-padded FFT, where the frequency
resolution of the standard FFT or DFT is equal to the

inverse of the "éerVéf?onleter | or ti eri od
over 20 W%VEﬁAtkws@éque ce Gﬂlgaﬁgﬁ%§lare of | ect ed
Where this ti period ils 2.5 nsec the standard

resolution is 400 Hz and using the zero padded FFT

t hi STHeSmatéH¥R Fid¥ e RLiZOM t}r&frectlter_ld')}'aﬁmﬁﬁﬂ@ computed:
experinmentally shown that doubling the
2N N-1

10 C,()= Y. P(mP((m+)mod2NN ) -L, <I<L Eq. 9
m=0 ST

max max

where L.y is chosen according to a pre-determined frequency offset range
based on system parameters contributing to a expected maximum frequency

offset. The frequency offset is then estimated as:

a)ez

7;/ Ofracargmax,[Cf(l)] radians Eq. 10

15  where the "fracargmax” denotes the fractional argument of / which maximizes
C(1) or the peak of the correlation in Eq. 9. One simplification of the
corrélation in Equation 9 is available. The data corresponding to the preamble
signal can be clipped to limit the number of non-zero elements thereby reducing

the number of computations to estimate the frequency offset as follows:

20 Py if P>,
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22 frequency resolution to 2NNS poi nts over the actua
sanpl es collected during the sanpling period provides
a dramatic, performance inprovenent in the ad hoc
frequency estimation. The magnitude squared val ue of
the expected preanble signal, including 5 any
intentional frequency offset added at the transmtter,
as descri bed above, is pre-conputed. The |ength of
this tenpgl&be mat ches the zero-padded | endgghllof the
received signal, 2NNS. z,kl 2 NN -1 J[ P(1)=A .
1sO e 1=0,1.... 02N iPI<Eg. 8 k=0 The matched filter
correlation in the frequency domain is conputed:

2N, N- | HLG(Q:IPr(MPP{UmlmeMS) - Lmax
_<1vherm¥l; iEq pregetemriped hecsold ralye. Mehilerlys dramatieadly dreigrseo
a pre-determ ned frequency offset range based on

Sy stieamynstiea oBdoatphitationst thetzlit hagoticeabde dgpaaticadin hdc oty
frequency offset. The frequency offset is then

6st ioreedtbqasicy byfect estintdtq @sp2tigpsor tHeCade df el 2-foaelpemsable.
Eq. 10 NNS 15 where the "fracargnmax" denotes the
fracti onakingrigureéncobofthet\ektingdie S, M BRTecevE( 3dmmeE t he
peak of the correlation in Eq. 9. One sinplification

of tsB@Jence is corrected for frequency offset:
x, =rne ™ k=0l ,NN-1 Eq. 12
The preamble signal is constructed at the transmitter 200 such that the
10  received preamble signal exhibits a circular shift of the preamble signal with
arbitrary starting phase as was noted above. Next, the controller 306, using
correlation routines 358, performs a circular time-domain correlation between
the data corresponding to the preamble signal, in this case a conjugate of {s 4},
and the adjusted received sample sequence {x;} to provide the correlation result.
15 Both sequences are complex, so a bmte-force computation would be
computationally intensiyg;_‘The use of a Discrete Fourier Transform (DFT) may

be used to reduce the complexity of the computation. Take a pre-computed

DFT of the desired signal

27kl

NN- NN

S, = D so.e [=0]1,.,NN-1 Eq. 13
k=0

20 A Fast Fourier Transform is used to compute the Discrete Fourier Transform of

the frequency corrected signal {x;}:
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correlation in Equation 9 is available. The data
corresponding to the preanble signal can be clipped
to limt the nunber of non-zero el enents thereby
reduci ng the nunber of conputations to estimate the
frequency offset as follows: 20 P(1) if P(1)>r15 23 P
5 (/) =Eg. 11 0 ifPs(l) < /5 where 775 is a
predeterm ned threshold value. Wiile this dramatically
decreases the,nunf@r of conputations, there is no
noti ceablg ﬂ@gy@datlow:fm1thﬁjac¢uracy 5 of the 14
frequency ‘of figet estimate, especially for the case of
the 2-tone preanble. Using the frequency offset

est i Thas eoofputtgg anlibvarfediraete Fygtr 3aampioen s&dia @riclectiod a
corrected for frequency offset: xk. =rke-'"'k

k=0, Discrete Fldér Trdngforrh 2f the@djpstedirdbéieedsiagipil and @ conjugate
constructed at the transmtter 200 such that the 10
I ec eig@eke Po@dotiTirans foing péthe @xtaicbiréspomding to ahd reanstié §ignadf
the preanble signal with arbitrary starting phase as
s diadseltk aRoMetimdNashainicbeelantaf el t@b: 306, usi ng
correlation routines 358, perfornms a circular

ti me-domai n correlatlopﬁbetmeen t he data
corresponding' t €y prianl_g, L11N thi g5 case a
conj ugat e* ofmqﬁozgg‘xg anthhé’agvzited rece?@ed
sanpl e sequence {xk} to provide the correl ation

res Lﬁ} ?gﬁg% hlej)(?&mﬁ aﬁ{ ?eﬁw}(p!)\%%the%%p%r tlme frame it

brut e- conput at 1 on conputational 'y

int g §$l¥sethe E&%fg% CLﬁcfir c%rraa&?r{ (?\Ie?tn,r_:g %} i is -gffﬁﬂe?tl?

( DF e use reduce the conplexit

gonpclﬂfcﬁ akeg sm-gr%q)lﬁf pfh% (5 Q HRAY h%(éorrcggtlon%a}; sj?a?t (Sjnea?hlyrp%glt in

10  the signal allows correlation of N symbols with the minimum receiver “‘on”
time, reducing the battery requirements for preamble detection.
The correlation result is compared to metrics for the preamble signal
using threshold tests. The controller 306 is operable to compare the correlation

result to a first threshold value corresponding to a wide-band noise metric

] Eq. 16

This metric is normalized by the power in the received samples. Using

15  defined as:

S

NN

C, = max k[

Parseval’s relation:

N N-1

2N, N-1 1 N
P()=—r
Z O=3x Z

A Eq. 17
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2 kI NN1SI _ SOke/ =0,1,..., N6 N-1 Eq. 13
k=0 20 A Fast Fourier Transformis used to conpute the
Di screte Fourier Transformof the frequency corrected
signal {xk}: 24 2n* 1 NN,V X, _xkel =0,1,...,

N, N-1 Eq. 14 k=0 Thus, conputing an inverse Discrete
Fourier Transform of the product of a Discrete
Fourier Transform of the adjusted received sanpl e and
a cohf wymebizatipp &etoafsedefipest asdhe relexas povehiptherprevgdt a
corresponding to the preanble signal 5 gives the

ci r camales tacepantiegiar e dsavaarneifisholbhe reaeivedmomples:Ar k/
NNNT I N.Nck. =11 S Xek=0,1,..., N N-1 Eq.

15 N, N ,=0&By insuring that the preanble signal is
periodic’%fng¥“% proper tinme frame, it gﬂaﬁ?es t he

use of a cir@ular correlation over time, which is
efficiently calculated using the DFT. The fact that.
the 1&8Y FEICREBBH %%%WCS&%Q WRY e ARe signakty-pafg rato is
signal allows corre|lation of N synbols with the
Wi ni B se thacal|oys pse ¢ high threshold, avoiding problems in distinguishing

undesired signals received at high signal-to-noise ratios.
In an embodiment where the preamble signal is modulated with a BCH
code set the only requirement for threshold testing is:
C, =2n/P, Eq. 19
10  where 1, isa pre-determjped threshold based on system implementation criteria
and experimental results. The low cross correlation between undesired codes is
relied upon to reduce false detections.
In another embodiment, the controller 306 is operable to compare the
correlation result to a éecond threshold value corresponding to a narrowband
15  noise metric when, for example, the preamble signal comprises a plurality of
tones. This extra test reduces false detections on narrowband signals. A

narrowband metric in such an embodiment may be:
2
] Eq. 20

where L is the relevant subset of the received signals frequency spectrum.

X,
NN

¥

C, =max,_ ,U

20  Passing the narrowband metric requires that

C 2 n,G, Eq. 21
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time, reducing the battery requirenments for preanble
detection. The correlation result is conpared to
nmetrics for the preanble signal using threshold
tests. The controller 306 is operable to conpare the
correlation result to a first threshold val ue
corresponding to a w de-band noise netric 15 defi ned
as: C = max k ck ~2 Egq. 16 N, .N This nmetric is

nor relidrz gd istysetdnd ppfadmrrmrrcdttlmsméﬁém\x%mﬂpégmmltaélgn spesifigg
Parseval 's relation: 2.NNN-I N .N1I1 P~l) =11 Irk 12
EqQ. ahd bad¥d bn kya@en2 borifigaration sl enziadrinental Bctoes: i s defi ned
as the relevant power in the received sanples,

account i FIGfRE thahaniftéaiinaneytedishs el aRbcidtbdret@ceismapling
sanples: 11 P =P, (1) Eq. 18 1=/, If all the energy

IS Usfén hﬁh@eeﬁﬁtsﬁus@&i ig86mé a&dhil abahe nlntrg\ﬂew a transmitter 200 is
signal -to-noise ratio is 5 lowso this al | ows use of

& highngdaresieadifg a E%éﬁﬂngle@ nara@ ?h@ BBa iréhsflisSioh REkSRI400.
undesi red signals recelve i gh signal -to-noi se

ratigg. trahﬁn@aor%@a%wﬁ%wmﬂﬁ@ ey 1Rl @RI R rSihg BRhallab
nodul ated with code set the only requirenent

for &t eababdis %R}%Héa@lgat b Yifferent frequency. In the exemplary case

discussed, the identical preamble signal is broadcast during the first three 90
millisecond time slots 404, 406, 408 of a transmission at known frequencies f7,
10 /2 and /3. Other applications are easily envisioned where the duration of time
slots vary and the number dedicated to the preamble may change based on
frequency band, criticality of the message being sent and environmental
considerations.
A wireless receiver 300 is arranged to operate in conjunction with the
15  transmitter 200. The W'ifr‘-éiless receiver monitors a channel as represented by the
diagram 410. The wireless receiver wakes briefly to monitor each of the three
frequencies f1 412, 2 414 and f3 416 used for preamble transmission. The
receiver wake up period, in this exemplary case, 80 milliseconds is chosen so
the timing of the monitoring processes in the receiver are offset from the timing
20  of the transmitter sequence to improve the likelihood the receiver will capture at
least one good sample of the preamble signal at one of the three sampling

periods.
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ClL > r7i P, EqQ. 19 10 where 77, is a pre-determ ned

t hreshol d based on systeminplenentation criteria and
experimental results. The | ow cross correlation

bet ween undesired codes is relied upon to reduce

fal se detections. In another enbodi nent, the
controller 306 is operable to conpare the <correlation
result to a second threshold val ue corresponding to a
nar r onbarfgfernme dilQ e, gurapsnpitighiignal pagernshawipe @ depief the
preanbl e signal conprises a plurality of tones. This
ext ridGt ¢ sansmaierpeesmbl sdat anbesseaidteshscayer sample aplteaton
signals. A narrowband netric in such an enbodi nent
may theing il be @vigwed. nAx d@criben] aRpyega przamiya eloe 50 is gsediie
rel evant subset of the received signals frequency
specepaatedly t20rdPass 8 pregmblesignalrnGivRrd dnsation NTsexpoily, edere
that C, > 772C, Egq. 21 26 where 772 is a second

& e-THetter minttedof fec@sleynabal ket Niisthe mphlesTef $ytbodspreamble
speci fic and based on .system configuration and

envi petindreAtcatrespanding sceitdr @ill 44mpe the presmibietsegnakfogamrainteger
pattern and an associ ated receiver sanpling pattern
has haeer dff Feinsseptriods. Slaae eebaiihemby eceiler saiapleefvr oaly
transmtter 200 is 5 arranged for sending a preanble
Si gt s&sn@a80l t@mirdmize ARSowe S dain oF BRUEIRLEs 4l2iverTI0e.
transm ssion sequence is divided into equal tine slots
wher e t hkeldrgiddo AG. 6 £86W charfBf Shéhod © dolcoradaasigeat a
different frequency. In the exenplary case discussed,

f0he ueRiMel SredM BRI Rirdidsg RRbiveSvil e AdE@Sdd Mdidetgibédre

first three 90
An initial condition 600 is set up in a wireless receiver 300. A counter for
frequency f and another counter for time slot t are initialized to zero. The
wireless receiver 300 then begins scanning, asynchronously and sequentially
during a wakeup time, a plurality of predetermined frequencies for the message

15  identifier. The wireless receiver collects a first of a plurality of received sample
sequences 602, one received sample sequence collected at each of the plurality
of predetermined frequénéies. The wireless receiver 300 collects each of the
plurality of received sample sequences for one cycle of the message identifier,
wherein the message identifier comprises a periodic signal that traverses an

20  integer multiple of periods over a time period for collecting each of the plurality

of received sample sequences.
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mllisecond tine slots 404, 406, 408 of a transm ssion
at known frequencies fl, 10 J2 and f3. O her
applications are easily envisioned where the duration
of time slots vary and the nunber dedicated to the
preanbl e may change based on frequency band,
criticality of the nessage being sent and
environmental considerations. A wireless receiver 300
i s arr and¥@0¢ o fispeanay effsehis egrpatertanddhe sgFaitedisp@ple 15
transmtter 200. The wirel ess receiver nonitors a
charadgisted gcqoedingiodhe Benubycytaiset. Feadesamptipn@f Fithe as well as
wi rel ess recei ver wakes briefly to nonitor each of the
t hr etbe diseusgjomsreboes. f|1 412,32 414 and f3 416 used for
preanbl e transm ssion. The receiver wake up period,
in this exéfplamyechbasels p8iormel beseendriscdirsspindseto the
the timng of the nonitoring processes in the receiver
& e oésaetiddnrifien and dath icofiresgorRingab atfine réceavad panitl@sequence to
sequence to inprove the likelihood the receiver wll
captproedad cortedaoh raanke The edrrdatinpl resultfis ¢dngpapideanitireshold
signal at one of the three sanpling periods. 27

Ref evalieng déternfrhdswhém, oravhiethantheictsage megital hypdictreddected.
showi ng a detail of the FIG 4 transmtter preanble
s| ot prafechbhs BRGIratr@dive® SipleseqteiaP Isad ueled aabidmy totthem NQ
will be reviewed. As described above, a preanbl e sl ot

500 ﬂr@gb&&@%fﬂs@t to Eiee ah fdlhstedreQAAAGhPI8 s@fuehhe a Sirgital
so(t) 502 of duration NI seconds, where 5 T is the

T MO e-@6 ma 8 ORISR 0eRRkn AR Aat cb@eshbi PO RIRS m&kage

synbol s/ preanbl e period. A corresponding receiver

Wi | igsaiiel shdtdat BHeaRiigs & HORljuddrre@iVel RERHE sequiieiper
of preanbl e periods. In one enbodi nent, the receiver

S anp;ge%nfl&{to %w_eyhe ME’eﬁlﬁQrﬁ)Hzgﬁt. dhe 'éQen'fB.lm mis%,ethE B@akpower

drain of the wreless receiver 300.
magnitude squared of the circular time-domain correlation is compared to a
threshold value to determine when the message identifier has been detected. In

15  one embodiment, a wideband noise metric, as detailed above, is used when the
message identifier is either a plurality of tones or a code set. In the case where
the message identifier is a plurality of tones a narrowband noise metric is added
to the wideband noise metric. See description of FIG. 8 and the discussions
above.

20 When the messagé identified is not detected the No branch of decision
point 608 is taken to 610. If the predetermined preamble sequence sampling

plan has not been exhausted, e.g. three sets of samples at the three

predetermined frequencies over three sampling periods, the No branch is taken
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Referring to FIG 6 a flow chart of a nethod to detect
a nessage 10 identifier or preanble in a wirel ess
receiver will be discussed and described. An initia
condition 600 is set up in a wireless receiver 300. A
counter for frequency f and another counter for tine
slot t are initialized to zero. The wreless receiver
300 then begi ns scanni ng, asynchronously and

sequeft3 adt 6812 cawtgrp éor drogiagey pnd imeslotargpndet if threst
predeterm ned frequencies for the nessage 15

i dersainpleghavephen takaned wajkperied ef meeconds is ervokedaifthe st of
a plurality of received sanple sequences 602, one

r ec exvmplayaagd desgigd ebrye, o ol 80axillsdeoatls. ekhetsawplingpgocess
plurality of predeterm ned frequencies. The wreless
r ec gesneres 3002 cWhkrtt scapainp isgferformeed gk npmbértof wekeup times it
recei ved sanpl e sequences for one cycle of the nessage
i5denbayf re@ilt,in diMagite pain when tie phad ey dligedetdrméred doguEntisese
a periodic signal that traverses an 20 integer

nmul ta seleeted indoappropéiste dvs@ancaapgartme peri od for col |l ecti ng
each of the plurality of received sanple sequences.
28 At 604vienfiiegesne)datifisat désctass thenmbds ®ehnalnat 60B és
received sanple is adjusted according to the

f r equgsead 10614 €The vaRBestl /% 6iF B0 G walendd for fufthaSpréekdingls
t he di scussi ons above.. At 606, a correlation is

per fmfnmséedb@adg@%r EhAb BN SRA SREP QNE i sdudcel Wil ba aBRSEATE
identifier and data corresponding to a first received

192 M EorGiRE HERE EreduRncyPd MR @R oRp&ERAE EdratrhiGRakcebatlvten thére
correlation result i's conpared to a threshold val ue

t 0 dghBLTER LS tRE wihlelshEkivEN0RE SRARqLERD b fheer

has been detect'ed. Preferably, the first received

samL&i 8 QMehNE gecfuénc@d%h @gly%gﬁfigrilam,ghét &, m@n the wireless
frequency offset to create an adjusted received sanpl e

SeqUERtfer Wis 3t f&h%%@h will further refine the frequency offset estimates,

make appropriate adjustments and proceed to sample the remaining slots in the
15  frequency hopping sequence for the rest of the transmitted message.

After the message is received, the receiver is returned to the reduced
power state and put in wait state 618, in the exemplary case, 80 milliseconds.
Processing is then begun again at 600.

If at 610, the sampling plan has been exhausted, that is three samples

20  taken at each of the three periods in the exemplary case, the Yes branch is
taken, the receiver is returned to the reduced power state and put in wait state
618, in the exemplary case, 80 mil]iseconds. Processing is then begun again at

600.

30



10 time-domain correl ation between the data
corresponding to the nessage identifier and data
corresponding to the adjusted recei ved sanpl e sequence
is performed to give the correlation result. In the
exenpl ary case, the peak magnitude squared of the
circular tinme-domain correlation is conpared to a
threshol d value to determ ne when the nessage

i dent i fi dyefdmang wdd@- Hatllost dart shavingmerelegndddhadny chat
wi deband noise netric, as detailed above, is used when
t he of g shigdiscepsert andidescribed. diallpwingdrom 62 thetfiequincy efees
or a code set. In the case where the nessage

i dertietWéeera nomine! fiequendyi afyheofirdlem esseiemdPrandiigritbanesicy ef
metric is added to the w deband noise netric. See
descthé preieed mpkl s@uesceain dstineeddiySfodswiagrsk vabbomea. 20
When the nessage identified is not detected the No

& anfedyuericy demiami correlapai ofttheodh dosresmkiding taoth6 fi@ssagd t he
predet erm ned preanbl e sequence sanpling plan has not
beendexifiatigidable data chrretpomeing seths rativedsaplpbssegienthieTo
three predeterm ned frequencies over three sanpling

per i dhin a berer Nequehanetisei Stitnaleenzer@Padded B4s? Foukier Badsform
counters for frequency and tinme slot are updated, if

t hr eff thSRYaN ASighaly  MeREmplak@asew iaiwicdxds fregheady rB3olution,
seconds is invoked, in the exenplary case described

aboVvig callateGORIE. IEEDO NMUE expbbRd $ANTbIMNGnPlRGRSSmilarly
resunmes at 602. \Wen the scanning is perforned at a

10U ORI s RfmMBkerthRt RJuRBSTrahs fETBY maRB&H filidrRokldNieInSh thé
gain when the plurality of predeterm ned frequencies

are frRusfyehfh ARdqRRPY ARkdiRt&rdliidh @empararrb2 (e,
the nessage identifier 1s detected, the Yes branch at

608 dySind [l Uy biise? AnenldAR ubhed €08 Bi%ef! L 8DY Bfne30RuIbRd
wakened f or furt%er processi ng
frequency offset is used to adjust the received waveform 706 (Ref. Eq. 12) and
in later calculations to (_l__c::'tfc':_xl-mine.the time offset of the received signal following
15  at 606.

Referring to FIG. 8, a flow chart showing more detail for the flow chart
of FIG. 6 is discussed and described. Following from 604, the frequency-
adjusted received waveform sample is operated on to determine a time offset of
the received signal. The frequency-adjusted received sample sequence is

20  transformed using a Discrete Fourier Transform to create a transformed
sequence 800.

At 802 the transformed sequence is multiplied with the conjugate

Discrete Fourier Transform of the data corresponding to the message identifier,
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froma reduced power consunption state. A signal
source w Il be adjusted 10 according to the frequency
of fset to conpensate for a m smatch between the

nom nal frequency of the wireless receiver 300 and the
frequency of the received sanple sequence. Wen fully
operational, that is, when the wireless receiver 300
is at full power, it will further refine the frequency
of f SEqatipg # PIPAUE SCquUepRgk &N HPET® PrscERtcer O&aje@tan%mofgm
proceed to sanple the remaining slots in the 15

f r ecuedueisehenppt Gompefed tecsebly sreatipga gigadar gmerdomain
transmtted nmessage. After the nessage is received,

t he comeleiionef thesadjustedirersiyed samiesaguenge adth thyonessagstidgng fier
and put in wait state 618, in the exenplary case, 80
mi | [(Rek&andl . The@iseets Edurigr Nmnsfhom isrogppnted gsinga bast Bo@ier
If at 610, the sanpling plan has been exhausted, that
i5s tThamsérsaamg thesnve2@® Risdcesn Fawriee Acdnsiofm isromphted @sing an
periods in the exenplary case, the Yes branch is

t ak enyerdelRastrfeoserviBansi@gmr et urned to t he reduced power
state and put in wait state 618, in the exenplary
case, 80 Simck kHesedeaad thrd3had essapptjed to cinbedimbeywhe@glad n
at 600. 30 Referring to FIG 7, a flow chart show ng
nor enddedgaiidenfifiér i$ Eithef 4 poratibedftione®br FBCH Bdé¢ s:t,dhswidsismd
and described. Followi ng from 602, the frequency

of f qedt is PLEsDA. &f thORkeRade ilERGYLH @y hedlity Betowds! £hedmsr
recei ver 300 and the frequency of the received sanple
19EqURRERbANY 163 isl prFb@EbdBY8 bhdstoldsiag Pdikudsak 668, i1ntha 5
frequency domain correl ation of the data correspondi ng

t o thasdpe $&adRer i 880H doli€tet, aNCndrRd& bRE Bst Gy 1R 2PSIBEl dig
to the received sanple sequence. To obtain a better

f r eqHeNGYmPA SRl 1RHidtdRE BetwBerZ&KO sdIad AEdd cd $i1sdF R 1SS
Transform
to an acceptable level. The Yes branch at 806 is taken and processing continues
at 608.

15 The processes and apparatus discussed above, and the inventive
principles thereof, are intended to and will overcome many of the difficult
issues facing systems using frequency hopping CPFSK coding for asynchronous
communication. Using ‘th'e. novel application of the algorithms and techniques
for preamble signal design and detection the goals of faster valid preamble

20  detection and reduced power consumption are achieved. Moreover, a number
of adjustments made to the system ensure that the computationally intensive

mathematics can be performed in the time allowed using the equipment at hand.

Such adjustments and innovative combinations include but are not limited to:
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of the received signal, in an exenplary case with

twi ce the frequency resolution, is calculated 700
(Ref. Eq. 7). The expected waveform sanples are
simlarly 10 transforned by Fast Fourier Transform A
matched filter correlation in the frequency domain or
frequency domain correlation is conputed 702 (Ref. Eg.
9) and the frequency offset is then cal cul ated 704

( Refadjusigng thepreample mogplatipmtogdsure papdisHy g vesftiiesrippar me
used to adjust the received waveform 706 (Ref. Eq. 12)
and pefipd drak rapd Za | redibmstin o pkase shifleystemmbusd thahe cir¢ulas time-

of fset of the received signal followng 15 at 606.
Ref elomamgeotrelafdiGande applfeld dov achmirburs kemgihrod timerie thde¢civer
for the flowchart of FIG 6 is discussed and
desasingadnininal FaowivesahptneGOpadditpeto faclaepnecrroy-freqdernest ed
recei ved waveform sanple is operated on to determne a
B Meffstifcakeiiladdns ahth Emitegahe/@dnter givain-zehetements of data
frequency-adj usted recei ved sanpl e sequence is 20

t r ansfredpordingI®i thgeedikSpeahitle H@ndl itefedUdeansiumiber bO
create a transformed sequence 800. At 802 the

t r angfcolati®d refairde A ErelSendybifieptdlQ@tatioht h thiRQast exympgat e
Di screte Fourier Transform of the data correspondi ng

t 0 tARuABSHAGErHERAbY hd Mlich asIMadksRAt B RPsomeREMeitatative
sequence. An inverse Discrete Fourier Transform of the

Pr oo d HIRAKE MRE udeSof @ PradeteBflined, RAIREM raf®at dfhgp a
circular time-domain correlation of the adjusted

10€ C 14 B6hoRR TR preaRfBiLAGG PurdMsintysio furlR B RBERs tid@Rfdeh bR the
(Ref. Eq. 15). The Discrete Fourier Transformis

PO”T}Hée%Qr 5‘1’?& ip gho"é‘ed: ﬁ:%&r_dEx%% .{h% fen roTﬁrf%Hl? fn‘afe%e@m s&ﬂ@m
inverse Discrete Fourier Transformis conputed using
an - 4iY&h SAmiaskc RO Pehfble HeRBRIOT M
This disclosure is intended to explain how to fashion and use various
embodiments in accordance with the invention rather than to limit the true,

15  intended, and fair scope and spirit thereof. The foregoing description is not
intended to be exhaustive or to limit the invention to the precise form disclosed.
Modifications or variations are possible in light of the above teachings. The
embodiment(s) was chosen and described to provide the best illustration of the
principles of the invention and ?ts p;actical application, and to enable one of

20  ordinary skill in the art to _q;iliée the invention in various embodiments and with
various modifications as a;ré:_ suited to the particular use contemplated. All such

modifications and variations are within the scope of the invention as determined

by the appended claims, as may be amended during the pendency of this
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Since the wi deband threshold test applies to

enbodi nents where the nessage identifier is either a
plurality of tones or a BCH code set, the w deband
test is applied 804. If the nessage identifier is a
plurality of tones, a further 10 narrowband test is
perfornmed 808 and processing continues at 608. If the
nmessage identifier is a BCH code set, the narrowband
t estapphsative fawatieateandal equivalents theraof.ivdwn irierpreteddn

di stance between code sets will reduce fal se

det exstordanse with tarbreasideiotvetitheth¢yeare fairlyr egals andeqmiebly at
806 is taken and processing continues at 608. 15 The
procases and apparatus di scussed above, and the
inventive principles thereof, are intended to and
wi Il overcone nmany of the difficult issues facing
systens using frequency hoppi ng CPFSK codi ng for
asynchronous conmuni cation. Using the novel
application of the algorithns and techni ques for
preanbl e signal design and detection the goal s of
faster valid preanble 20 detection and reduced power
consunption are achi eved. Mreover, a nunber of
adjustnents nmade to the system ensure that the
conputationally intensive mathematics can be
performed in the time all owed using the equi prment at
hand. Such adjustnments and innovative conbi nations
include but are not limted to: 32 adjusting the
preanbl e nodul ation to ensure periodicity over the
proper tine period and nod 2 it radians in a phase
shift system such that a circular tinme- domain
correlation can be applied for a mninmum |l ength of
time in the receiver wusing a mninmal received sanple,
zer 0o- paddi ng to achiteve better frequency 5 offset
calculations and limting the nunber of non-zero

el ements of data
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corresponding to the expected preanble signal to
reduce the nunber of calculations required for
frequency offset calculation. In this |last exanple,

cal cul ations are reduced by as nuch as a factor of 13
in sone representative enbodinents. The use of a
predeterm ned, restricted nunber of hop 10 frequencies
for preanble signal transm ssion further reduces the
burden on the receiver andLAfMShosen according to the
envi ronnent, increases the system diversity with
respect to preanble detection. This disclosure is

i ntended to explain howto fashion and use vari ous
enboldi mert methpd mccwirdess ceeinet th detae amaseage identifiert her
than to limt the true, 15 intended, and fair scope
and epiprising:t her eof . The foregoi ng description is not

i ntended to be exhaustive or to limt the invention to
tthe pr ecissamningy a3yathsmbodeahd seizdiisllychting asvabeup time and
variations are possible in light of the above

t eadktipgaive b signat sbangihye plugity sgsedehoamad faghedaschor thed

to provide the best illustration of the principles of
t he rhévgpptidedtifiand its practical application, and to
enabl e one of 20 ordinary skill in the art.to utilize

t he i nverbilefng HpMadlityosfTeRRO AnRO tgueites suntpiising al-pids
nodi fications as are suited to the particul ar use

contaRLatftre séduensed 6hsanipRd] dreGadeived SandiélseqaércatsiRotkd
are within the scope of the invention as determnm ned

oy tdaeacamﬁﬁ%g}am%armdetaﬁlm&amee@en@ﬁ@,nded during the
pendency of this 33 application for patent, and al

equi val entgohhes £8elaBE BetwBdEdRS &r@shohfing AFHO HdRALE
with the breadth to which they are fairly, legally,

and igg*t'iiﬁtalaﬂd%ata%eﬁgstpb&qng % first received sample sequence to provide
a correlation result; and
comparing the correlation result to a threshold value to determine when

15  the message identifier has been detected.

2. The method of claim 1 wherein the scanning is performed at a numbér
of wakeup times resulting in diversity gain when the plurality of predetermined
frequencies are a selected distance apart.
20
3. The method of claim 1 further comprising:
waking the wireless receiver for further processing from a reduced

power consumption state when the message identifier has been detected.
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CLAIM5 1. Anethod in a wireless receiver to detect a
nmessage identifier conprising: 5 scanning,
asynchronously and sequentially during a wakeup tinme
and irrespective of signal strength, a plurality of
predeterm ned frequencies for the nessage identifier;
collecting a plurality of received sanpl e sequences
conprising in-phase and quadrature sequences of

sanpl es, one recei ved sanpl e sequence collected 10 at
each of the plurality of predeterm ned frequencies;

per fdor mi dge method p¢laimi bwhéreinwkseso!lgeiing festher eamisdiing t o
the nessage identifier and data corresponding to a
first recelegoug sahpf be sheplibnefaeteneg sovpld ecquences for one
correlation result; and conparing the correlation

r esulytle pbHtha mebsags iehtdfiev,adheecit the des@geridentifidn eompriss ¢ he
nessage identifier has been detected. 2. The nethod of
&l aiperiddivkignaithat trinersscaninteger matiple of parivesloadr a dinepabet
of wakeup tinmes resulting in diversity gain when the
pl urfad the yolkttingy teeleick bMhaptlralfty efydaiaidasmple sequeseb.ect ed
di stance apart. 20 3. The method of claim 1 further
conprising: waking the wireless receiver for further
processing froma reduced power consunption state
whers. t he TREER8GE of éliRt | fur@er oapribiagn detected. 35 4.
The nethod of claim1 wherein the collecting further

CONPr i Segstimating a frequency offset between a nominal frequency of the
10  wireless receiver and a frequency of the first received sample sequence by
finding a peak value in a frequency domain correlation of the data
corresponding to the message identifier and the data corresponding to the first

received sample sequence.

15 6. The method of claim 5 further comprising:
adjusting a signal source according to the frequency offset to
compensate for a mismatch between the nominal frequency of the wireless

receiver and the frequency of the first received sample sequence.

20 7. The method of claim 5 wherein the performing a correlation further
comprises:
adjusting the first received sample sequence according to the frequency

offset to create an adjusted received sample sequence; and
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collecting each of the plurality of received sanple
sequences for one cycle of the nessage identifier,
wherein the nmessage identifier conprises a 5 periodic
signal that traverses an integer mnmultiple of periods
over a tinme period for the collecting the each of the
plurality of received sanple sequences. 5. The net hod
of claiml further conprising: estimating a frequency
of f set beeMersnnga eitowian imefdomginenuyladn bopueen1lge dita el ess
receiver and a frequency of the first received sanple
sequerregohging fo thelimagage igeditievaiidudeta carraspbndiggiwrtbe/adjusted
domai n correlation of the data corresponding to the
nmes sagéved danple Séquencanagivh thedatraattoreedtpondi ng to the
first received sanple sequence. 15 6. The net hod of
claim5 further conprising: adjusting a signal source
according to the frequency offset to conpensate for a
i srat ch Themeera of tieinD wherain the ggfvemnty a@ircillging-d@has s
recei ver and the frequency of the first received
sanploareaasiufinae. corPrises: The nmet hod of claim5 wherein
the performng a correlation further conprises:

adj ust i ngrahdtemfihg Gt adjeaed vedvaiaapbr ssRGH@NBRgAdmITélE Ng
to the frequency offset to create an adjusted

I ecefovfieh Transidhh 15 RN RINsfBARkdIeqRaEd; @fdii Nng a circul ar
ti me-domai n correl ati on between the data

correspo fﬂ:ﬂilm he tHehx%nﬁE&%@Q@qdeMMf th& Eor@t@te@gc@ete

correspondlng to the adjusted received Sanple
REAURRAE: TrBnBbrHPofitReda&PdonRbRhiAp tJ @88 HlebsagPidSntifitP® create

nmet hod of claim7 wherein the performng a circul ar
time; &9&(@& quence, and computing an inverse Discrete Fourier Transform of

the product sequence, thereby creating a circular time-domain correlation of the

adjusted received sample sequence with the message identifier.

15 9. The method of claim 1 wherein the comparing the correlation result
further comprises comparing a peak magnitude squared of a circular time-
domain correlation to the threshold value to said determine when the message

identifier has been detected.

20 10.  The method of claim 9 wherein the threshold value comprises:

a wideband noise metric, when the message identifier comprises one of a

plurality of tones and a code set.
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correlation further conprises: transformng the

adj usted recei ved sanpl e sequence using a Discrete
Fourier Transformto create a transformed sequence;
and multiplying the transfornmed sequence with the
conjugate Discrete 10 Fourier Transform of the data
corresponding to the nessage identifier to create a
product sequence, and conPutlng an inverse Discrete
Fourliler Thamsthed af gaim {thwhqsein thechreshold iahsdurthas spmpgses:
creating a circular tinme-domain correlation of the
adj ust ed ameceybaad nganpeeicsehpnahecmesspgenidentidieneompaiges a
identifier. 15 9. The nmethod of claim| wherein the
conpuralg of treecorrel ati on result further conprises
conparing a peak magni tude squared of a circular tine-
domain correlation to the threshold value to said
deternm ne when the nessage identifier has been

det €@t ed A RiBeldd rectiver armnhfaldo détealagiremnladigrabiorexitetandby
t hreshol d val ue conprises: a w deband noi se netric,
whenow peweassdkgte wdeltsd fetedver comprisiiges one of a
plurality of tones and a code set. 37 11. The nethod
of cl ai mal&ebefoesdantihg abyicRshalst andlsetpeiitinlly ldafing a
conprises: a narrowband noise netric, when the

Me's Sagteup Gadbid ir@speCORIT kighd stengf, W pRIrdlitY oOfrede@ifted 5
12. A wireless receiver arranged to detect a preanble

Si griedquérRie® ¥drlthPprédnalél Bynal] ow power node, the wirel ess
recei ver conprising: a receiver for scanning,

1@SyNnchr oRQAtahIyr, 8AHIReE HRRE AL, Yord:Hnéc'ﬁﬁg a 1umif>e&fpre@dur§a
and irrespective of signal strength, Fura [Tty of
pr e@@hﬁfe%(ﬂﬁﬁces comprising in-phase and quadrature sequences of samples,
one received sample sequence collected at each of the plurality of
predetermined frequencieéi and
a controller coupled to the receiver and sampler;

15 for performing a correlation between data corresponding to the preamble
signal and data corresponding to a first received sample sequence to provide a
correlation result; and

for comparing the correlation result to a threshold value to determine

when the preamble signal has been detected.

20
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frequencies for the preanble signal; 10 a sanpler,
coupled to the receiver, for collecting a plurality of
recei ved sanple sequences conprising in-phase and
guadr at ure sequences of sanples, one received sanple
sequence coll ected at each of the plurality of
predeterm ned frequencies; and a controller coupled to
the receiver and sanpler; 15 for perfornmng a

correl ation between data corresponding to the preanble
signal and data corresponding to a first received
sanpl e sequence to provide a correlation result; and
for conparing the correlation result to a threshold
val u8. t o Thetenelessreceiveh ehclaiel 2oiugherisbmprsiggial has been
detected. 20 38 13. The wreless receiver of claim12
further egopei®nsgvatian ponearcogplpd wrthatdnomllgiopenable to reduce
coupled to the controller operable to reduce 5 the
Fpowethe porg doqpimptiorodf thdeirvlessetassr ured eptfexd bynlid dontroller
notified by the controller that the preanble signa
has thatele mtednstd¢ signal hdk bedindetedtede| ess recei ver of claim
12 wherein the sanpler is operable to collect each of
the plurality of received sanple sequences for a
predetermned 10 tine period, and wherein the

pr eanbl e Tht gidlesd Bcdd@st bOelhin 0¥ @hedih thdéaapidr igdfetablel te

of periods over the predeterm ned tine period. 15. The

W I &JoBI8E eh G ithedlurdity OF ol ddlsaWp R seduntdd €orCaitbde@rinfied
is further operable to:

10  time period, and wherein the preamble signal is periodic over an integer

multiple of periods over the predetermined time period.

15.  The wireless receiver of claim 12 wherein the controller is further
operable to:
15 estimate a frequency offset between the first received sample sequence

and a nominal frequency of the signal source as a peak of a correlation of a
magnitude squared value of a Fast Fourier Transform of the first received
sample sequence and a magnitude squared value of a Fast Fourier Transform of
an expected preamble signal;

20 adjust the first received sample sequence according to the frequency

offset to create an adjusted first received sample; and
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15 estimate a frequency of fset between the first

recei ved sanpl e sequence and a nom nal frequency of
the signal source as a peak of a correlation of a
magni t ude squared val ue of a Fast Fourier Transform of
the first received sanple sequence and a magnitude
squared val ue of a Fast Fourier Transformof an
expect ed preanbl e signal; 20 adjust the first received
sanpl e se@effiepcecigatep ippdgmen conglafiqndigiveso yhe dgfaf set to
create an adjusted first received sanple; and 39

per feoraspanding ouhapreable sigoatandthe adivetedirecoredrempissaquches
data corresponding to the preanble signal and the

adj uspeyidedghejomelitigmreptle sequence to provide the
correlation result. 5 16. The wrel ess receiver of
claim15 wherein the Fast Fourier Transformof the
first received sanple sequence is conputed as a zero
Padded Fabe whreless receivet pielamorSnwiodrein e Hastifotrierdgaisioan of
sanpl e sequence resulting in a frequency resolution
gr eahefirst Ragival sampliepeqeade iotormpueed ds aeeparaidud HastrFoltie
collecting the first received sanple sequence. 10 17.
The Thiisédress tiefiel re@tivedsarBplasdguiie whseltag in 4 frequendycul ar
time-domain correlation further conprises: conputing
an irgsofUtive ghdatke thah @ rdcipisdabof the aing beriod fof the bellepfimcktie first
of a Discrete Fourier Transform of the adjusted first
I ecabypdsafplb seqabtea 15 conjugate Discrete Fourier
Transform of the data corresponding to the preanble

19 gnal .
17. The wireless receiver of claim 15 wherein the circular time-domain
correlation further comprises:
computing an inverse Discrete Fourier Transform of the product of a
Discrete Fourier Transform of the adjusted first received sample and a
15  conjugate Discrete Fourier Transform of the data corresponding to the preamble

signal.
18.  The wireless receiver of claim 15 wherein the data corresponding to the

preamble signal are clipped to limit the number of non-zero elements thereby

20  reducing the number of computations to estimate the frequency offset.
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18. The wireless receiver of claim15 wherein the data
corresponding to the preanble signal are clipped to
limt the nunber of non-zero elenments thereby 20
reduci ng the nunber of conputations to estimate the
frequency offset. 40 19. The wirel ess receiver of
claim15 wherein the controller is further operable
to conpare the correlation result to a first threshold
val ué. cdihe adiglsroieeriver of elaii Hewkbagia thesosieollepisifiugher 5
20. The wirel ess receiver of claim19 wherein the
contapstablerto rgmpage thaeprrelaparredylteo @ Grst tingsheld value
correlation result to a second threshold val ue

cor respspedding ta owaleiband moasandrinoi se netri c when the
preanbl e signal conprises a plurality of tones. 10 41

5 20. The wireless receiver of claim 19 wherein the controller is further
operable to compare the correlation result to a second threshold value
corresponding to a narrowband noise metric when the preamble signal

comprises a plurality of tones.

10
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