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The present invention relates to a digital receiver suitable for use in a
Bur st node conmuni cati on system BACKGROUND OF THE | NVENTI ON Lomower

"consunption, cost-reduction, and conpact size are sone of cu“mm MMM es
of a nobil e/ personal conmunication system such as GSM DE oth

based systens. Full integration is a very inportant way to redugdgecost and
size. The zero-1F receiver can be inplenmented in a highly integrated way.

However, it suffers fromdo offset, self-mxing, and ms t he
di fferent downconversion pat hsDIé'i'FAE#E@E'\F%O" Fis i mmm“mm“WﬂMlt S
poor performance. Al though the conventiona (het er odyne receLyer can
achi eve good performance, its inplenentati on needs many off-ch?p
conponents, which nmakes it vul nerabl e, expensive, and sensitive to external

parasitic signals. Its power consunption is also increased. Accordingly, a

need exi FIELD'OR TRIEINVERTIONVi de a digital receiver which can be
inplenented in a highly integrated way while still naintaining high quality

signal reception. SUVWARY OF THE | NVENTION I n accordance with one aspect of

Frequency chiEreaenigh deleie€lstd ity ottt By G T S Buekind

si gnal s; niteleagordmiunicatiohayerent o del ay the baseband signals to provide
del ayed signals; normalizing neans arranged to truncate the baseband

signals and the del ayed signals to a predeterm ned | ength and provide 2

nor mal i z%ﬁgg@%D?gmmgF&T@Nr anged to denodul ate the normalized

signal s and provi Signal; and frequency offset sensing
means arranged to sense an envel ope of the denodul ated signal to provide an

he. basebarlPVe POHErEoTRumAiendEpayieduel Gharad Gomnast sBe 45 PO obe
oo, Py Ba 00 ol EnohBieer Rl IR AL e RS MIDEL
si gnal ; andriBlaeiooth baséd sistems. Fiufjrintegratior isea pery itepartantiveay teerestuce
dependentcog Snd tspzee. bil'hepzoesré)-tlf.-' Fceiver can be implemented in a highly integrated
way. However, it suffers from dc offset, self-mixing, and mismatch between the
different downconversion paths. The use of zero-IF is limited due to its poor
performance. Although the conventional IF (heterodyne) receiver can achieve
good performance, its implementation needs many off-chip components, which
makes it vulnerable, expensive, and sensitive to external parasitic signals. Its
power consumption is also increased. Accordingly, a need exists in the art to
provide a digital receiver which can be implemented in a highly integrated way

while still maintaining high quality signal reception.
SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, there is provided a
digital receiver, comprising: a frequency converter arranged to convert a received
signal into baseband signals; delay units arranged to delay the baseband signals
to provide delayed signals; normalizing means arranged to truncate the
baseband signals and the delayed signals to a predetermined length and provide



~Typically, the frequency offset sensing nmeans conprises: nmeans arranged to
track the envel op of the denodul ated signal to provide a tracking signal

and filter arranged to | ow pass filter the tracking signal to provide the
~envel ope signal. An advantage of the present invention is to provide a
digital receiver suitable to be inplemented in the formof an application
specific integrated circuit (ASIC) with the specific design features of | ow
power consunption and small size. Anotzher advantage of the present

i nvention is to provide a sinple normalization schenme to truncate a signal

Wit hout hoinigleai E@nhl@%?@émbbﬁla@ﬁﬁbﬁ@hgéﬂ-toStdénhoc&ﬂleh@ﬁe aebraidlizgeg of the

present invention to provide a nethod an apggr atus arranged to estimate
and conpgigBalseans peide grdemedylated,8igpgl; gndskeequrnoyeeffset isensingn@eanser and
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to the agignapanyi ng drawi ngs in which Iike reference characters identify
correspondi ngly throughout and wherein: Fig. 1 schematically illustrates a
first enbodi ment of a digital receiver according to the present invention;

Fig. 2 sch LGal liya i r I f ~end of

e oo aTTPIERP, e OB Tndath % didiién b AUnead B f6atbafd
signals and the delayed signals by: selecting from the baseband signals and the
delayed signals one with the largest absolute value; determining a bit position of
most significant bit of the selected signal; truncating each of the signals to the

pre-determined length dependent upon the bit position.

Typically, the frequency offset sensing means comprises: means arranged to
track the envelop of the demodulated signal to provide a tracking signal; and filter

arranged to low pass filter the tracking signal to provide the envelope signal.

An advantage of the present invention is to provide a digital receiver suitable
to be implemented in the form of an application specific integrated circuit (ASIC)

with the specific design features of low power consumption and small size.

Another advantage of the present invention is to provide a simple
normalization scheme to truncate a signal without introducing unacceptable
distortion.

Still another advantage of the present invention to provide a method and
apparatus arranged to estimate and compensate effects of the frequency offset
between the transmitter and receiver in the system.

BRIEF DESCRIPTION OF THE DRAWINGS



-Fig. 3 shows an exanple of the operation of a normalizer of the digital
receiver of Fig. 1; Fig. 4 is a schematic block diagramillustrating the
structure of a denodul ator of the digital receiver showmmn in Fig. 1; Fig. 5
“is a schematic block diagramillustrating the structure of a filtering
device of the digital receiver shown in Fig. 1; Fig. 6 is a flow chart of
the algorithmfor conputing the | ow frequency conponent caused by the
frequency offset in the filtering devBce of Fig. 5; Fig. 7 schematically
illustrates a second enbodi nent of a digital receiver according to the
present i nEgiddifients 6k th8 inverfichGkil MW Be Ristissdd asy aay idf lestahfpfré i\gigh t he
structure of a denodul ator of the digital receiver 'shown in 7, Fig. 9
i s a schefatence Hbothe dicagmpanyingudravangsgnt whickt like t iefereote acliaracterss ng

devi ce of [y ver 7, and 4 Fig. 10 is a flow
chart of' ?’ﬁ*@@rﬁ&%ﬁP?’ﬂ?f{‘%@%E°&%‘§PfﬂadP‘ﬂ‘&’?'ﬁw frequency conponent caused by
the frequency offset in the filtering device of Fig. 9. DETAILED

DESCRI PTI C]\l OF THE PREFERRED EMBODI MENTS OF THE | NVENTI ON, A first

embodi nent Fig 4 acl@matlcalwcéwaat%ra dirgu eshadient afnandigitel dgceiyetem i s
shown ”h%:'o%péto]ﬂbe e‘%%ﬁ{ *ﬁ%nlgﬁoé .ncludes an anal ogue front-end 100 arranged
to conver receirved froman antenna into a low I F signal; an AD
converter 101 arranged to provide anal ogue-to-digital conversion of the

out put fromthe anal o%ue front-end 100; a pair, of mxers 102 and, 103,

coupl ed t oFithe? sehgmatisally w@shrst%ﬁhv%rsiwptumof an rafjed frtand ehéhep
convert g4 ﬁél%ééwé‘?% I?nﬂi@nq cosine signals respectively to obtain two

orthogona conmponent's 'obw | F signal, nanely, I'n and Qn; a pair of
| ow pass filter (LPF) 104 and 105 coupled to the pair of m xers, arranged

to filt h, f t f th th t
obt i 0t wor s3I SHRREIE 2B e EREStON ooy RO RalZeh O e e o
del ay unigksivéP6f Rigd 1107, coupled to the pair of LPF 104 and 105, arranged

to delay the two Daseband orthogonal conponents In and Q0 by a sanpling
period, TS, to obtain two del ayed conponents In-1 and Qn-1; a normalizer

108, coupl d to. the outputs,of the pair of . .LPE 104 and 1 as the
outputs of Fihe i sodimats Birth diedathustaiitre Syl PR geRadiiater 6% he
f our corﬁfqnglatidgstaq recdiverlghowdin Rig_1;, and Q'n-1) by truncating themto .
pre-determ ne Iengths of L bits, to yield four normalized signals, 1, ,r ,

In", , Qr and Q' ; denodul ator 109 arranged to denodul ate the

nor mal i zed pa) 09aLs, AR BRERTdh WiRirafd! eChiufie by S8 ghéfing T anged

to | ow frequency f ed's SO as to o
aver age daiceofithe, digitaldeceider sHovin ar Fignded to decide a tentative signal bn
according to the denodul ated signal x" 5

Fig. 6 is a flow chart of the algorithm for computing the low frequency

component caused by the frequency offset in the filtering device of Fig. 5;

Fig. 7 schematically illustrates a second embodiment of a digital receiver
according to the present invention;

Fig. 8 is a schematic block diagram illustrating the structure of a demodulator

of the digital receiver shown in Fig. 7;

Fig. 9 is a schematic block diagram illustrating the structure of a filtering

device of the digital receiver shown in Fig. 7; and



~and the average val ue dcn and a synbol timng recovery 112 arranged to
recover the synbol timng of the tentative signal bn . Hereinafter, with
reference to Figs. 2-6, the operations of the analog frontend 100,

" normalizer 108, denodul ator 109, filtering device 110 will be expl ai ned.
Fig. 2 schematically illustrates the structure of the analog front-end 100
of the digital receiver 1 shown in Fig. 1. The analog front-end 100

i ncl udes a band-pass filter 200 arranged to filter the signal received from
the antenna; a |ow noise anplifier 201, covering the whol e bandw dth of the
receiver 1, arranged to provide |ow noise anplification of the band-pass
filtered signal from BPF 200 to suppress out-of block parts of the received
signal ; a Vigd.t 4gdscarflovolchad of ¢the |algenithaD foracompytiog ttheglome fegaaeacy ocal

oscillatjin i | m xer 203 arr d to m.x.th | Ll ed signal from
Ina 201 ot deyade BYIBR reaefty BRGN e Bl ieBBB Rl Fitinconver ¢ 1 he
frequency of the received signal into a lowinternediate frequency (IF); a
conpl ex band-pass filter 204, centered at flF, arranged to_bandpass filter
the si gnaF AIRR RESGRIBTION QfpgiHE PREEERRER rEMBRIMENTSASE dék r ol
circuit R fkﬁqged to detect the strength of the filtered signal fromthe
conpl ex band-pass filter 204 and control a gain of the followi ng anplifier
206; an anplifier 206 arranged to anplify the filtered signal fromthe

conpl ex band-pass filter 204 under the gain-con{rol of AGC 205. K The

Sbove. desch B SMEHERRL 2 ABTEbuoreiNet o PUIRERAdA COBUNCElRRcy of
the rece Sis Whdhwrl FrP'FﬂiAd.hﬁ ?ﬁé‘?@é@lv%f ?Whé‘!yﬂé&"a‘h Eﬁélﬁgﬁéci%dt-@rﬂ foh OW

i nt ernedi‘ate frequency. | ow i nternedi ate frequency 15 an I nternediate

f r equencarrangext ta tenvest & Kivsighalmeakived tfromadi arttentia avo@rlow. IF/Asigmail: afr

receiver, like a zern:1F recejver, has a | ti-path. topol ogy. sui |le for a
hi ghl y i'ﬁpeﬁ?'&‘(e&?rq&& oA r@r(\)gqclezljacgro(y a&%ﬁ’gg@itg.'éig'ﬁalu. %'_%VG%'OPFO% 38%uency
of a fevylynefremh theldatddue ROSt-Ard 10624 phlriof nikersPPI2ahd 1103Pas@Haddo
signals, such as do offset and self-mxing 6 products. The |owIF

r ecei vertheqiputeef tha AR gonverieretd barmngeditaenixdhe &1 convertad-signal wiik

o cover SRROHEGnd Pl ebBarfll Ao ST BOPAI LB drfhe e
anal og flo@ntF sighal.dtaméR! ¥, @ang AR qopaieiof edwiFaskefitadLPF) w0zrhag-wWsi t al

|
conversion of the |ow I 2 signal into a digital signal r" at a fixed
sanpl i ngcoupleditmthe pair of mixers,.arpanged tgrfiler hight frequency ountents\af the two s

represented as:  r"=A cos=2~c(f F+OF)nTs+~n+8~+n" where,, Ais the

bl ¢ o Tagdtial CaTpePRRsToGRta ol BHBEARA i lgbontiotprtgits aefiebh” he
transm tf,eindeQg 4 Faﬁriofereléyﬁuhitmes%tnamow,\hio@blédsmcmmr BY LPPe104 aad epancy
between the oscillators at the transmtter and receiver or the Doppler

effect, B9 Arfangeshiodelay thatwo hapebrraarthggena cpompastenthd ard n%a n" and
" t . -. . . t h
rmdtaJIIr St e%ﬁ%égﬁé@’g%éﬁ \91(21']'4;/lli %Hﬁ%@{bﬁpﬁo@ﬁgﬁgﬂoﬁt ﬁ?ﬁA ”%‘lﬁrzgﬂ urt her

downconv$08.ecoupied te thesedipatsl of ithegaibpf tLiRF 18dr and 106, xas svell188,thé03) and
| ow pass filters, (104, and 105). .In the m s 102 and 103, the digital

1 gnar o PWBHISES Yo Pair S HSIRY, ute i 06 Aed o0 cuinasdioghaialize; e fur iy and
cos 2~cf peeti vel t y Nyt I ey miheqand Q ,
. After ?‘?’f’?g?é'ﬁg {é{jhmf rdeﬂdulg'gcﬁ 2’%\% %yf)t@ﬁgaf?%qg%mogong%%%rr%@ﬁgnt s by
the pai rlepgtisPio 11 Oditsantd 18kd foup marimligedasighakeband rynpdnends gif e.

i n-phase and quadrature base band conponents In and O ) are produced as

f ol | ows: ddrhodulators 1092 arrafgéd ntts demgchilate) the Bofinatizéd csighalscfront thds +
~(nTs ) + 9~ (2 fs z. 4 F the he_ abov i ne and cosi ne,sigpals can
e i i ozt 145" 8 fitarist deyicr: 310" Brangss, B o Hen Rl S dBegr eat 1y
simpl i Ti 88mblBIatés isihdl Of, so ddfo Bbk&ihSits Hverayd NBIUE We)Ja dedidér 4hgi tal
signal from|~D 101 wth the two bit sequences needn't Dbe inplenented by

multipliers, At.the receiver..side anpl g tude.of ,its output.signa
depents Sanged 19 RGBS cHalih Sionghife OSRNG0 R AEMBALIA8Y sidHel %radi ng
envi ronment and the AGC. Therefore, the output fromthe digital receiver
may. have many bits and the valid signal range may vary due to the

af orenenti oned factors. To mnimze the |ogic size and power consunption of
the receiver, before passing the four conponents, I~ Q- fromthe pair of
LPFs and I~ ~, Q-_r fromthe pair of delay units, to the denodul ator 109
for further processing, a sinple normalizer 108 is adopted to automatically
truncate the Il engths of these conponents fromN bits to L bits (L<N). L is

experinmentally determ ned so that the truncation of signals will not
degrade the performance of the receiving system




Referring Fig. 3, an exanple of the operation of the normalizer 108 is

di scussed in detail. It is assuned that the |l engths of the four conponents
(I~ I~1, O, -1) input into the normalizer are N bits and the | engths

" of the outputs fromthe normalizer are L bits. The four conponents (I~
I~ ,, Q, Q-~) are signed data. The nornalization procedure conprises the
.follow ng steps: Find the input with the maxi num absolute value fromthe
four input conponents. In this exanpl®, the input with the naxi num absol ute
value is I~ 1. Determne the bit position of the nost significant bit of

the inp dC ABRHgd94IUR0 dehean@xd IHoE recvery M2StaraingBhf focant bit

neans a |ch kes the Targest ntl’lsﬁttl on to the absol ute val ue of
bi nary data t he b r Si rdata, the nost significant bit
P the rerdershe sinboLiing ohe titeRus SRS fom that of s of g bit . For
In_~, since the value of its sign bit is "0, nost significant bit thereof
shall be the first bit whose value is '"1'. FromFig. 3, it can be 8 seen

that the blHeréifh&fttar intwfref@éﬁcétcgﬁds &6} tHv bpeifatlbnyoflthel\hr?alogirftbnt-s

recor ded as i (i-N2). Truncate each of_ the Input re- det er m ned
| engt h &Nd1G49, mrmahzqrmosﬁ demasiutatos 18R i eragidsivice hﬁhwi“ ﬁ@sxe'@g}?&d dat a,

their sign bits remain in their truncated signals. Mre particularly, the
four inputs are truncated by selecting L-1 bits of each input starting from
the bit poBigt R2etheatatically dlastratesitbe strocturetof the analog frort-drd $0bef theen t he i

h d -L- h bjts, dth ddi h qf
In he St rdodiverhShowaing Fics 1- The 4ates fraptiead 4patheiiies adtprisibats bot | ng
L-1 bi t jibF Qﬁalﬁ@%@)to tfp'teg;t@%t ﬁdner Hvled“ﬁor‘nhtﬁé hn(énn% a IdW‘ rfdléé h bit)

and addi ng t e signbit o e., sign bits 0, 0, 1 and 1) as a
first biamplifieea20,t coveringe thes ivgmele . bammmﬂtmroftmenmeacersﬂgraanamged ta ~ 1,

Q- Q--~ wi.th the predetermned ts are s t ght

S de of Hf?\f,;deéow 55 AElnEA ot BePhAnghabs MibRed SEnSCROR BPF AR 1 O
denodul é&%aswmbwgaﬁs o the geéew@ag@harrwvbmtgé caftPolRANBEdiler a pal i r
of rrultl lers 400 and 401 to cross nmultiple the four truncated inputs by

nul ti pl y@02ganranges, tagenerate aroalbs}sqlllatlng sngnaieadaweaapatafrarm t méx

At er SRS Sl A0 e st dEhg e SR,

nr AZ tél dbv?n@brﬂleitTmef f&qhenc&&)f mberécenv“'e‘ﬂ s@ﬁaﬂ dntoha bwnh’nténgedlatatl on,

~C~ = represents the phase differenc a
sanp! | ndtassienby (FYe SomBlenbhngpass diak 04, GTRSED atdey arraegeia@ apfle

| f ~
over al 1 mkalS RSC LARAPAGE: el e/ SabpfRRdSI IR o, &6 pe el oo

Howev er ,cilicnit 208carrarged toodeteet meem:tmgtly obtris ﬁtteredJSIgmldrqmybe m:ompt@t 0. From
Egn(3), ,it can bg s th t th dem)d r out put een distorted by
t he frecﬂ?é\qé@/aﬁﬁ?é&% Eifargalpso "°“f'ﬂ£ 5@#’852%113%?"5@ B53) can
be appr g Bi&HgdY to dmplify’the AT sigras fr6ﬁ1 theSédmplek Bahd-pass filter 204

under the gain-control of AGC 205.

The above-described analog front end 100 functions to convert the frequency
of the received signal from the antenna from a radio frequency into a low
intermediate frequency. A low intermediate frequency is an intermediate
frequency lower than a conventional intermediate frequency. A low-IF receiver,
like a zero-IF receiver, has a multi-path topology suitable for a highly integrated
design to reduce cost and size. It uses an IF frequency of a few hundred kilohertz
and is insensitive to parasitic baseband signals, such as dc offset and self-mixing



" The expectation value of x~ in Eqgn(4) is: E~x" ~ = A2 (2~c~ j E~cos d~~+
E~sin ~~b (5) Under the assunption of equally distributed input data, it
can be seen that E[sin Cc~] =0. From Eqn(5), the frequency offset produces
" a low frequency signal AZ 2~OF cosCc~ at the output of the denodul ator 109.
A reference signal for the follow ng decider 111 needs to be non-zero to
-.conpensate the frequency offset. Afiltering device 110, a bl ock di agram of
the structure and a flow chart of thegoperation of which are respectively
depicted in Figs. 5 and 6, provides a nmechanismfor tracking and filtering
the | ow fibBGMEITHe JORIE rebivsietorilined 3né 'eRNHARE.S Wit thd BohvientRinapr art,
such as 'US Patent 5448594, entitled " bit Dfferential Denodul ator", a

| ow pasdFf and ethei zerdelfi germivere tlr atdo thlae aOMghrquana @nell |sAhig4=ﬂy~cos~~
dlrectly Th dvantaeof this thod hat if th of the
i1 ter iotebra, MESSHE Yelto sk B 05 sammipx b3BRess tenA0R K

f requen%e%l@@"ﬁom@rﬁmBOdéﬂﬁeéﬁetﬁ(@ durvefter Q@Qfe%ﬁleﬂnfo@faﬁd!@g @ig‘lffaﬁr enti al
detector. If the bandwidth of the filter is insufficient, along tine is
needed tapnversion eoft the bw df dighal intosaediditaf signat ki, ngt tmé'lxedv\samphmgancy
conponent directly, in the present invention, the envelope of the

denodul drequengypfit khe putput sigonat rafrom the-Adconverterisaepraseotadtasi t he | ow
frequency conpopent. As the envel gpe of the denopdul ated signal tends to be
nor e staiQI=eAt¢mF2ﬂt(tﬁr Hapwdl)+ePed Kitgnal itself, a 10 LPF witH1h nuch

wi der bandw dth can be enployed to give a fast tracking w thout introducing
t oo nuchwiéret udbdsidbe amptiudeaot thé aligitalesighalchA al isothe frefiuentieroffset

i nprovenent in performance, i.e., capture of the data in a shorter tine
whi l e ketzgjwegnathgotsangmtatqneand)rrmw in the tsystaso.s which s cadsed dyothein

il ter CURCBRBERY o ma o atsh AR e Ry ngl SBefEl iR ORbpEF: o
usef ul Iéfféc@rne i3f theaphadd Bﬁsémtmdhéédd&} NG | of- thesrdBeiver 3t Band
recei ved, the bandw dth of the filter is reduced gradually in ofder to

suppr essgt Bfe théhnthr Q%Plefs)’oﬁoﬂiﬂﬂtee@@ssﬂ?ﬁ nbidet thnﬂ\edﬁhb% &ff GHBK present
invention”i's c4nposed of three main functional blocks: a tracker 500, an
adapt i vembdtdated signabespactively.coef ficient of Adaptive IR filter generator
502. Referring Fig. 6, at the beginning of the | oop, the paraneters a, Max,
M n and do are preset to an appropriate value (e.g., zero), in which

par anet er { I

respecti veI y t \gl\e(a%?%ﬁedsl?ﬂgwghoés)%\ |‘t/t§I iasnfgﬂhg} gts\?l\r}g&ﬁ)veeé-{gaxmwtgk%sgﬂvel ope of

t he denuosigmhathyr theusginst ofmixees (il 02 108) ahd (owitpass fitters (kd4~and 108).1n Ithezr 501,

o f f h I f d d ~
rhe val ekt BTSN REP IR Hioifel sidtins Fomn AT Ry ik “{%ﬂt”ﬁpé’reéi’?;nﬁl
X" arg Wé%&&%lé’%nﬂ@ﬁﬁ%ﬁ%o? hasgepadtivele 1hobbaM Ror %I?o@ondlf X" <

h + threshfl d and x

X"_

or x" ~ tne <

o threshol O{J,enr%I Xf‘ %Hﬁa%ﬁﬂé flitérﬁgx Mgk freqﬁeﬁ‘cy Qeﬁfﬁg 6f _the,tvyothen
Mn = X"artholftria . comipotients be_Zhér&lﬁ%mLWsoﬂolhén@emwuhﬁé Ofrtifegdnal at

timen, tinme n-1 andptlrre n-2, respectively. The paraneter "threshold" is a
user - defbasepandraompanants |(|ea;tm@aﬂeeamuadeattur@alpassebmdenomp@npota fjve and
negati ve peaks. The paraneter "MAX" is also a user-defined constant,

wher ei n ancbgnoawewog@edtaaﬁellqus negative peaks are confined within the
range (. MAX NAT%ZE I\/breover ]J "threshod” and "MAX' are proportional to
the sanpli AgASiaE AonT, + MénFddd]at i on i ndex bei ng enp) S)yed as well as the
arrplitud af efficient of adaptl IR filter generator
502 adju A%&{?MOAI |(T|Sde } E‘) the IR filter 501 at tlne n to reduce

t he bandw dth of the adaptlve [IRfilter. The coefficient a" at time nis
reduced as a function of tine, for exanple, a" = 32 a"-~ + 32 * 256 ' The
nmaxi num andf he 4n.nithemthelabeveNine arldncasine signajscanttecsimplified asubitd as
the inputs to the adaptive IIRfilter 501 for the calculation of the | ow

f r equencseqiemseddhl,Oct andel,Bndd. dps tﬂchnmajgmﬂlwe\mhflemtlmdemgnaf@Cm di ng
to the follow ng equation dc" _ (1- a" )dc"-, + 2 (Max + M n) (6) where,
dc~ is the |l ow frequency conponent of the envel ope of the signal xn at tine
n,



- dc~_~ is the |l ow frequency conmponent of the envel ope of the signal x~_~ at
time nl a~is the filter coefficient at tine n. The above process is
repeated as long as the conmunication device is in operation. The signal

" dc~ is used as an input to a decider 111 of Fig. 1 as a reference signal.

The decider 111 nmakes a hard decision or soft decision to yield a tentative
.signal b" . For a hard decision, the decider 111 can be a conparator which

makes deci sion according to the folloming rule: 1, x* > dc" n =0, x" ~ dC
However, for a soft decision, the decider 111 can be a subtractor, which

subt raCTtI@e iRe @\ isiHbe fHe H?ﬂné'dfttﬁé'dlgltéieéigﬁﬁ fréf" ADf ﬂ@’fnvhﬂﬁihé’iwérlﬂt

denodul ator 109, x~, and a conparat or, makes deci sion according to
the fol sequercasnesdnit e implemented bymtﬂtnpltersm~ - dc" <_ 0 12 Based on
the filtering device, the effect of frequency offset can be estimated

Wi t hout using a frequency detector or a conpl ex feedback | oop. The synbol

timng of Ahehé aataiver ssige, ot Sarﬁphtuée r@fcrtyecstﬁgutbx& AdD dopemedls bhnhed
recoverér unit 112. Since all the values after converter are
|

fi xed- p&ansmiac sigaeal p@me@uth@t Propagatien fess, e dading envirpnmentiand the cal )
oo 11 Ay HfisieRer e bl rBREinE lnateBbhBF M havERaA) bisaRling ! e

ogy can enent e

i nt egr atvalich sigral aamgegma;evdrqrdwtnethe\/%fdremehﬁomd:Gadt@rsFTgsmwﬁmi& tre second
enbodi nent, of, a dlcﬁl tal receiver, of th present invention wl|
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filtering devices.
not degrade the performance of the receiving system.

Referring Fig. 3, an example of the operation of the normalizer 108 is
discussed in detail. It is assumed that the lengths of the four components (ln, Iy.1,
Qn, Qn-1) input into the normalizer are N bits and the lengths of the outputs from
the normalizer are L bits. The four components (l,, In.1, Qn, Qn-1) are signed data.
The normalization procedure comprises the following steps:

e Find the input with the maximum absolute value from the four input

components. In this example, the input with the maximum absolute value is I.1.

¢ Determine the bit position of the most significant bit of the input component
having the maximum absolute value. Most significant bit means a bit which
makes the largest contribution to the absolute value of binary data. If the binary
data is a signed data, the most significant bit is the first bit whose value is
different from that of its sign bit. For I,.1, since the value of its sign bit is ‘0’, most
significant bit thereof shall be the first bit whose value is ‘1’. From Fig. 3, it can be



" Fig.8 is a schematic block diagramillustrating the structure of the
denodul ator 700 of the digital receiver 2 showmn in Fig. 7. Conparing this
denodul ator 700 with the denodul ator 109 of the digital receiver 1, the

" denodul ator 700 of the receiver 2 further conprises neans arranged to
normal i ze the sumfromthe adder 402 to its signal pbwer, including a pair
.of multipliers 800 and 801 arranged to self nultiply the two conponent |~
and n, an adder 802 arranged to sum 8he outputs fromthe pair of
multipliers, and a divider 803 arranged to divide the sum( gn' I" , - gn
l,"," ) ddepnthahthelit position ofinidstidignificaint (it of 1, IIN=2, and-Bvecdrded aoin t he
adder 802, vyielding: 13 rr "rrr> 1 orr X" =@ rrn 2 - Qr 2 =sin(2~0
JTS + 04B3NLy) (1"7) + (Qr ) The sine of the change in phase of the
received signal r(t) is obtained and is independent of the signal power.

When 2~~fTs is small, the expression of Eqn(7) can be approxi mted by: x" ~
2c0 f cos @Truncate each(ddthd imputsirea pae-determinectlenthxof L bitEgin(thjs yi el ds:
E~x" ~ = 2~0 fE~cos 0O~~+ E~sin O~ For the reason given in the first

enbodi megNaMEessince the-four inputs-aegsigRrd gata ttheir sighbitsemainfir #1eipr oduces a

|l ow fre L i f e : 700. The
refer enf:lg'ﬁ{sh %%%F%ﬂ %'rs' M@egggﬁ%gﬂylﬁe ?(;slﬁr% n-t§ taé& %WH HeQ@gd@EgQ%fZﬁ %'rilcy

of f set . bitsfofldaehiinputdstaiting frdih the bitgdsitionrddtegninet in thkapbowestept rack the

| ow frequency signal 2~¢~ f ~  which |s used as the reference signal
for t he il narean thaiih and (s Rbtitaianddhss AGg S sign kel S99 & 1 g
devi ce 701 i h i i i f ; Al ri ng devices
of Fig. tgée'l'?@"tg' Eﬁ‘é’fﬂ? héeal(ta Fr%rﬂeésﬁ PWE;gﬁi .%ﬁfﬁﬁ}%ﬁtﬁ?ﬁ@?@%@ﬁp@)ﬁsesga reset
si gnal sElectingdr-1906 frarnctinel (N-Rsthcbit to thet (MeL-4) tie bitt(be .t thef fifttabi) améinsni ssi on

and gener at.e reset .signal .to jinitiate th racker,. 500, .t he. adaptive | IR
1 ter cusing fhe #i8 higac eyt G- shbety 6 01 B8R 1) 38 2 usbp b RBay.
because rihcité®sighal. atHeorut HanEaeaisigals 0, ARETR! @, WiitthbYpren a burst node
comuni cation system i1t is inportant to determ ne when the burst data

t ransm sdgterminedrergthTfd. bitgranesshown or thieriphitside of FD@. are truncat ed
signals, which makes the sumc;, unable to accurately represent the signal
power of the received signal. To correct this problem before detecting the
start of t t rangm et o, ih t4aSt iRl 7

el i m nat eshﬁﬁgﬁﬁeﬁéaégfa cg%tétﬂ'e’slh"b’ﬁa’ ,,_2ef§. @#u?t%g ts?istgt%rallabpomgrfét@thg;? g ifting
it accordgepistetdntr§.40 TheP@smbiaratdr 109160ﬁf8ﬁ§b§ Rep&ip ofmhilfglierd D0 4Rd t hi s
enbodi ment, the reset signal generator 900 rightshifts the signal power c;,
with 2( N0+ fo grdsstmaultiple the fepptuecdted dnputs dydinakiplyimge 7§ ooy gX1,| amsdi @0'h t he
art that other nethods can be applied to elimnate the effect of the

nor mal i Zsy i7¢n, Theidembdulatorviathalsot ineludestac tdder 402 Eerarigedniedadtly théi s
application. The reset signal generator 900 further includes a sinple LPF
filter voutputsi fonsdbe troultipliens. Aftert Remmning e thal adderf Thee demodidateri zed

si gnal , n&rreg.%, the signal power c" . Fig. 10 shows the flow chart of the
operatio% BH! Phe filtering device 701 of Fig. 9. Prior to the start of data
t ransm ssi onyr trhe paraneter: n , do and d shoul e reset to the
pr e-defi%’éa "nIit””t‘i a@i“zlat_i%ngl\ég%u%%%&i% ich paraneter d igk3 he out put of
the sinple LPF filter of the reset signal generator 900. Then, the signal
power c;whémeonT thel denthdusampling @uration)eAdos dxhT 2edb@aecd)ii) nppresdrite bi t
position fromtheXormalizer 108 and | owpass filtered by the reset signal
gener at i i et —~ESt A9 (1- Q k" , where a~ is a constant
in the ?tg\ﬁj%%gp"c%@e,r%h)ﬁ? d@@ﬂg%fséalmnplgﬁj‘%%é“ddge val ue of the signal power cn .
The average value d" of the signal power cn is conpared with its previous
val ue dn_~ %t the synbol_ rate to de&erm’ ne the start of the data

transni ssi JRe IHESPICE HpltRaveReY PHeetay dragdegrades dBe; ove@ipavatemith its
wei ghted previous values yd" k,, in which y represents_a weighting factor
of dn_krperfikmancene Usder sidadli egndiiens: thei drequensyr iqftseti it 5f. (3y€and |
is an integer (1=1,2,3...). Then, the positiye and negative peaks of the
denpdul s@ectattosuyalig ofitberdampdylatey qutaglisr AinAl, fdewever iia Prasticeni ng
rules: if x" <x"_, >x"_Z and x"_, > Mn +threshold and xn_, < MAX , And
if x"_, > Max or x"_, >do" _, , then Max = x"_, if x" > x"_, < x"_z and
X" _, < Max - threshold and x"_, > -MAX ,



15 And if x"_1 < Mn or x"_~ < do"_1, then Mn = x"_, Since the anplitude
of the input signal to the denodulator 700 of Fig. 8 is normalized, the two
pre-determ ned constants "threshold* and "MAX" are only proportional to the
" sanpling duration, the nodul ation index being enployed. The maxi mum and t he
m ni nrum val ues Max, M n are used as the inputs to the adaptive IR filter
501 for the calculation of the | ow frequency conponent according to the
foll owi ng equation dc" _ (1- a" )dc"_D + ~ (Max + M n) (10) The bandw dth
of the adaptive IR filter is reduced gradually by adjusting the

coef fi ci @Rtsrdhd ef £ .41 i f bl Ler nha02. The
coeffi ci@%tfriqu%ns%yre Sg(%d %sé“gg%Hgbiﬁ&g&hﬁﬁgba}%p %@a?r%?g?ﬁ gﬁé}-thgl a" -~
+1~1 a : It Bl g as the

comuni c%?rﬁgﬁu%&/%etgﬁgx'i ﬁ%g&%%ﬁﬁeq‘m t@?gﬁgﬁgﬁgdf@}used as an input to
a decider 111 of Fig. 7 as a reference signal. The decider 111 nmakes a hard
deci sion or soft decision to yield a tentative signal b" . For a hard

deci si on, tWhenl@zi A i4 shatiathebexpressiopaf Ego(3)wiandbe appresirdatedsyon
according to the following rule: ~ 1, x" > dc" b" _ 0, x" <- dc" However,
for a soft slecs(m  ddsaduesindeP) 111 can be a subtractor, which ‘ﬁubtracts
the output of the filtering device, dc~) fromthat of the dermod@at or 109,
1, x" - dc" >0 b" 0, x" - dc" <_ 0 xn, and a conparator, which nakes
deci sion according to the follow ng rule: 16 Based on the filter device,

t he effect The éxpegiationyvaloe obx, indran(d) st i mat ed wi t hout using frequency
detector andg- c Lex fe back]sll_ggp. The synbol timng of the tentative

signals b" ELé‘n :rergto@e@r%ﬂﬁ AR APt i mi ng recovery unit 112.(g)n

conclusion, a single-chip digital receiver for a burst node conmmini cation
system has been disclosed. The digital receiver of the present invention is

o tset.  ThoIRIaNE, S EER.Of sfial bistlite Top RoFR e bR S4SFHE
exanpl e, ERlii A@) 0. iIFroinlBqil5¥,the Ftecienty dffeePpodietss anvarrequerdysighesi der is
shown to gll rectly followthe filtering device, it can be nodified to follow

ot her el Afm2mis cosad@ratabe puiputsef ther demodulatarntlf. ok refierence sigaal fafghe to

conpensaj e the phase set existing in the signal tput from the

i1 Eer: nistwlie BOARER 21 4 ieerS dp He.Bth R REraingetsate e Heayebdy ot

substi t UNi MifeTing"GeRER! 148! anbidckididgraRf Bf thed strietife Fnd! & Siow ch&® Gi'theW t hout

departing fromthe spirit and scope of the present invention as defined by

t he fol | opgeragjon| ef which are respectively depicted in Figs. 5 and 6, provides a
mechanism for tracking and filtering the low frequency signal caused by the

frequency offset.

In the prior art, such as US Patent 5448594, entitied “One-bit Differential
Demodulator”, a low pass filter is designed to track the low frequency signal
A22nAcosA® directly. The disadvantage of this method Is that if the bandwidth of
the filter is excessive, the resultant output will contain too much high frequency
content, which endangers the proper operation of the differential detector. If the
bandwidth of the filter is insufficient, a long time is neaded to capture the burst
data. Instead of tracking the low frequency component directly, in the present
invention, the envelope of the demodulator output x, is tracked and low-pass
filtered to obtain the low frequency component. As the envelope of the
demodulated signal tends to be more stable than the demodulated signal itself, a



- 17 CLAIMS: 1. A digital receiver, conprising: a frequency converter
arranged to convert a received signal into baseband signals; delay units
arranged to delay the baseband signals to provide del ayed signals;

" normalizing neans arranged to truncate the bas~band signals and the del ayed
signals to a predeterm ned | ength and provide normalized signals; a
-denodul at or arranged to denodul ate the nornmalized signals and provide a
denodul at ed signal; and frequency of fBet sensing means arranged to sense an
envel ope of the denodul ated signal to provide an offset signal indicative

of a freoprngih &f hedh WidéhBah8&Rith eshrs benampldedAtdligive & féﬁcﬁaé’l@lﬁ%
according to claim1, wherein the~normalizing nmeans i's arranged to truncate

t he baseauiheutsingedusingni@o: muchedisiusbareceaynAl senarates fealuiegwhich gewsv@at h t he

det or mi rieAgSk PVt g o BB S PR AP B fhe”Gftel iEa g i 0" =
t runcat i whileekReéping at drodBERNGEorinahite! §m&n§néd5uslsd6é &y@dsé bgaﬁlaﬁabﬂvé he
predeterm ned | ength _dependent upon the bit position gital receiver

accor di ngWw Bass afl'tﬁf 2DU\Wﬁ6r@|en begianings oh ke data eception th@ef'li@'l &98dbe;j gnal s
are si gn@ﬂm?éog'?@'lfe réaop%rgﬁ g rvﬁﬁgl' ‘b’é’ndﬁﬁ@tﬂr g |§Cl| OF? t{"’%rg’(%% ein

each of nor ma signal s inc e a sign bit of aseband
si gnal s captutimg thtebayst diata goidkly. As more data lS recelved the bandwidth of the

filter is reduced gradually in order to suppress the high frequency components.

The filtering device of the present invention is composed of three main
functional blocks: a tracker 500, an adaptive IIR filter 501 and a coefficient of
Adaptive IR filter generator 502. Referring Fig. 6, at the beginning of the loop,
the parameters o, Max, Min and dc are preset to an appropriate value (e.g.,
zero), in which parameter o is a coefficient of the lIR filter 501, Max and Min are
respectively the values of positive and negative peaks of the envelope of the
demodulator output x,, and dc is the output of the :lIR filter 501, i.e., low
frequency component of the envelope of the demodulator output x,. The values
of the positive and negative peaks Max, Min of the input signal x, are updated by
using tracker 500 based on the following rules:

o if x,<x,,>x,,and x, , > Min+threshold andx, , < MAX ,

And if x, , > Maxor x,, >dc,,, then Max=x,_,

n-17

o if x,>x,,<x,, and x,, < Max—threshold and x,_, >-MAX ,

n-1

And if x, , < Minor x,_, <dc,_,, then Min=x,

n-1"
where, x,,x, ,,x,_, are samples of the demodulator output at time n, time n-1 and
time n-2, respectively. The parameter “threshold” is a user-defined constant
reflecting the smallest gap between the positive and negative peaks. The

parameter “MAX" is also a user-defined constant, wherein the tracked positive
and negative peaks are confined within the range (-MAX, MAX). Moreover,



18 5. A digital receiver according to clains 2-4, wherein the
pre-determned length is so determ ned that the normalized signals do not
degrade the performance of the receiver. 6. A digital receiver according to
~any one of the preceding clains, wherein the frequency of fset sensing neans
conprises: means arranged to track the envel ope of the denodul ated signa
1o provide an envel ope signal; and filter arranged to | ow pass filter the
envel ope signal to provide the offsetisignal. 7. A digital receiver
according to claim6, wherein the filter is an adaptive IIRfilter. 8. A

di gital #RrAN6E" aRBCRAXNEre Brddofidhal o The SanmiliRgedtatib®, FRMHoddIafBANS
further conprises a filter coefficient generator arranged to generate and

adj ust t Indexdging employest, ashweli as the amplitydegotthednputesighale Cogfficientiafg t o
laim 8, wh i nt filt fici af d fil

0 L R 96 S RGP (R A o
oot 11 o) - B3R dpHiFR the banaWigh ofvihggrasbivg R FitgPaThE sogitiont g5t s

wherein a~ is the filter coefficient at tine n, a~_~ ISthqfi ter

coetfici e mis fddiRed-ab a JnctiBnoBfdim@) fof exainphs, @CEaLd o Loxaby TRe of the
precedi ng clai ns, wherein the denodul ator further cad@prise$2a2power

l'i zing. d 19 ' | f h
nor mal | 2B GRGsn R valies PGk find 8 Raramel ergnis Ubed B
:22:: 28 rreaﬁ'?msl?o the QuEbHE NREAfVE61 AGCIEABublon 't tH ddw HEIH) the
component of the envelope of the demodulator output x, according to the

following equation
dc, =(1-a,)dc, , + —“2—"(Max + Min) (6)

where, dc;, is the low frequency component of the envelope of the signal x, at
time n,

dcn- is the low frequency component of the envelope of the signal x4 at time n-
1, ay, is the filter coefficient at time n.

The above process is repeated as long as the communication device is in
operation. The signal dc, is used as an input to a decider 111 of Fig. 1 as a
reference signal. The decider 111 makes a hard decision or soft decision to yield

a tentative signal bA,, . For a hard decision, the decider 111 can be a comparator
which makes decision according to the following rule:

2 _ 1 x,>de,
"o, x, <dc,

However, for a soft decision, the decider 111 can be a subtractor, which
subtracts the output of the filtering device, dc, from that of the demodulator 109,
Xn, and a comparator, which makes decision according to the following rule:
~ 1, x,-dc,>0

- {0, x,—dc, <0

n =



- further conprises: a reset signal generator for detecting the start of
I nput data transm ssion and reset the sensing neans. 13. A digital receiver
according to claim 12, wherein the reset signal generator is arranged to

" detect the power signal to detect the start of transm ssion.

14. A digital

recei ver according to claim12, wherein the reset signal generator further
-de-normal i ze the power signal dependent upon the bit position fromthe
normal i zi ng neans. 15. A digital recelder according to any one of the

precedi ng clai ns, wherein the frequency converter conprises:

an anal ogue

front-end @asaRwitHeCfiIENGEAévide, thB BN bf FeqliBRcy BESLVESh BbH¥MAtedM a
radio frequency into a low internediate frequency to provide a | ow

i nt er nedvitheutf uging e dieaienanl deteetor orda graraplex deethack deapr thegymbat] ai m
15, wherein the frequency converter further conprises: an anal ogue-digital

convert etﬁmﬁ‘fg@ﬂ’tﬂédeﬁl@ti@éfé??ﬂl@bt Qs fedtvered b?rme_rsyrrtﬂwtilrmvg rédoverEdhat e
e a ;

n

frequency signal to provi digital signa

m Xers arranged to

respecti .y Since tdlle thib gialags aftprather ddpecdnvesiey aie Hixedrpoirtndatapsalie
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baseband; i subtractiBn, XOR and so on. At the same time, the low-IF topology can

be implemented with a high degree of integration and a high performance.

With reference to Figs. 7-10, a second embodiment of a digital receiver of the
present invention will be explained.

Referring first to Fig. 7, a digital receiver 2 of the second embodiment
includes an analogue front-end 100, an AD converter 101, a pair of mixers 102
and 103, a pair of LPFs 104 and 105, a pair of delay units 106 and 107, a
normalizer 108, a demodulator 700, a filtering device 701, a decider 111, and a
symbol timing recovery 112. It can be seen that the differences between the
digital receiver 1 of Fig. 1 and the digital receiver 2 of Fig. 7 lie in the structures
of their demodulators and their filtering devices.

Fig.8 is a schematic block diagram illustrating the structure of the
demodulator 700 of the digital receiver 2 shown in Fig. 7. Comparing this
demodulator 700 with the demodulator 109 of the digital receiver 1, the
demodulator 700 of the receiver 2 further comprises means arranged to
normalize the sum from the adder 402 to its signal power, including a pair of
multipliers 800 and 801 arranged to self-multiply the two component I, and Q,, an
adder 802 arranged to sum the outputs from the pair of multipliers, and a divider

803 arranged to divide the sum (QF I,-Qv I.) from the adder 402 with the sum

(c;, =(rr} +(or )2) from the adder 802, yielding:
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-17. A digital receiver according to any one of the preceding clains,
further conprising: deciding neans arranged to decide a tentative signal
fromthe denodul ated signal and the offset signal. 18. A digital receiver

" according to claim 17, wherein the deciding neans conpri ses a conparator
arranged to conpare the denodul ated signal with the offset signal to
.provide the tentative signal. 19. A digital receiver according to claim17,
wherein the deciding neans conprises:1® subtractor arranged to subtract the
of fset signal fromthe denodul ated signal and provide a difference signal
and a conpar £ pr ;qnged to conpare the difference signal with zero to
provide xhe giyﬂﬁggaﬁe—- s+ gn@rA 20+ A Hi gital receiver according t¢7xlaims
17-19, furthé@)cd&ﬁ%05|ng a sy ol timng recovery arranged to a symnbol
timng of the tentative signal. 21. A digital receiver according to any one
of the preceding clains, wherein the sensing neans is arranged to track the

envel ope Ofrhbr@némﬁ’é‘bﬁéﬁ@e i ﬁﬁéée BVtH@@déﬁ/édhﬁgﬁQﬂ ﬂﬂ?% Bﬁtaﬁﬁé@bﬁd r|§t | ons:

if x" < x"_, > Mn + threshol And if x"_,
> Max orlndepend:enj@f the S|gn|aEpowar<, When ZnA.fTs ig' smalk the expsess@naafoEthW) <
Max- thresho , And if x" , < Mnor x" , <dc"_, , then

e e AT
Mn = x"C @pgrowe Y-, xn_z are sanples at tine n, at tine n-1 and

at time n- 2. of >4 Re Ht t signal, respectively, dcn_~ is |ow frequency
conponent of t % éﬁ‘f)/g ogeSio t he denodul ated signal at tine n-1(8)Max and
M n are the envel ope signal

The expectation value of x, in Eqn(8) yields:

E[x, |=27A fE[cos A®D |+ Esin Ad] ©)

For the reason given in the first embodiment, E[sinAd)]: 0. From Eqn(9), the
frequency offset produces a low frequency signal 2z A, cosA® at the output of

the demodulator 700. The reference signal for the decider 111 is non-zero due to
the frequency offset. A filtering device 701 is added in Fig.7 to adaptively track

the low frequency signal 27 A, cosA®, which is used as the reference signal for

the following decider 111. The detailed structure of the filtering device 701 is
shown in Fig. 9. The difference between the filtering devices of Fig. 5 and 9 is
that the filtering device 701 further comprises a reset signal generator 900 which
is used to detect the start of data transmission and generate a reset signal to
initiate the tracker 500, the adaptive IIR filter 501, and the coefficient of adaptive
lIR filter generator 502, because in order to allow the receiver to operate properly
in a burst mode communication system, it is important to determine when the
burst data transmission starts. The inputs to the demodulator 700 are truncated

signals, which makes the sum ¢, unable to accurately represent the signal power

of the received signal. To correct this problem, before detecting the start of the
burst data transmission, the reset signal generator 701 eliminates the effect of

the normalizer on the signal power c, by shifting it according to the bit position i
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- 21 which represent negative and positive peaks of the envel ope of the
denodul ated signal, and threshold and MAX are preset constants. 22. A
digital receiver according to claim12, wherein the threshold and MAX are

" proportional to a sanpling duration, a nodulation index or anplitude of the
denodul ated signal. 23. A digital receiver according to claim12 or claim
.13, wherein the filter is arranged to cal cul ate the frequency conponent of
t he envel ope signal of the form dc" ¥ (1- a" )dc"_1 + ~ (Max + Mn)

where, dc~ is a frequency conponent of the envel ope signal at tinme n, dcn_~

i s the fHrefMUABHOMMANESIYDS. IRthis BentiRbADehe réttisigHal eABratorlg0@rights t he
filter coefficient at time n. 24. A digital receiver, conprising:. a

f r equencshifte the sigral powenge dwitio 2¢N+i9 itsa Itr ie capipaeshtstocarabrdinany herseband
signals; del a?/ units arranged to delay the baseband signals to provide
del ayed skiligchinsthenart thati othey matheds aan Hegepplied torelininate thecefiect i dhe

o mal ; 2004 BRLPE; el AR, I FrobedivE' EoBatiRmPy R e heb Rl e
si gnal s e resensigitalyeheratdbo0 ddrthedinahidesadsingle LR fistahigRds Ueedi | t et
t he denodul ated signal to provide a fllteredﬁzéagnal and wherein the filter

i s arr antgegalcylatejie avemaewalug ohthendedwraa signal.f pareelyo thersignate.
. A h. ALag%ﬁgLr .cA9u3

Fig. 10 shows the flow chart of the operation of the filtering device 701 of Fig.
9. Prior to the start of data transmission, the parameters «, Max,Min, dc and d
should be reset to the pre-defined initialization values, in which parameter d is
the output of the simple LPF filter of the reset signal generator 900. Then, the
signal power c, from the demodulator 700 is de-normalized according to the bit
position from the normalizer 108 and low-pass filtered by the reset signal
generator 900 with the form d, =od, , +(1-o ),, where o is a constant in the

range of (0,1), to obtain an average value of the signal power c,. The average

value d, of the signal power c, is compared with its previous value dn1 at the
symbol rate to determine the start of the data transmission. In this embodiment,

the average value d, is compared with its weighted previous values vyd,_,, in

which y represents a weighting factor of d,_,,, K is the oversampling factor which
is defined in Eqn.(3) and | is an integer (I=1,2,3...).
Then, the positive and negative peaks of the demodulator output x, are
tracked by tracker 500 based on the following rules:
o if x,<x,,>x,,and x,, > Min+threshold andx,_, < MAX ,

And if x, | > Maxor x,, >dc,_,, then Max=1x,_,

n~17

o if x,>x,,<x,,and x,, <Max—threshold and x, | > -MAX ,
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ten%a(llve ébnal ? For a hard decision, the decuder 111 can be a comparator
which makes decision according to the following rule:

2 1, x,>de,
"o, x, <dc,
However, for a soft decision, the decider 111 can be a subtractor, which

subtracts the output of the filtering device, dcn, from that of the demodulator 109,

2 )1, x,-dc,>0
"0, x,-dec, <0
Xn, and a comparator, which makes decision according to the following rule:
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In conclusion, a single-chip digital receiver for a burst mode communication
system has been disclosed. The digital receiver of the present invention is
suitable for implementation as an ASIC and is insensitive to frequency offset. The
invention should not be restricted to the present form. For example, although in
the disclosure of the present invention the decider is shown to directly follow the
filtering device, it can be modified to follow other elements, such as a phase
offset compensator which is arranged to compensate the phase offset existing in
the signals output from the filtering device. Numerous modifications, changes,
variations, substitutions and equivalents will occur to those skills in the art without
departing from the spirit and scope of the present invention as defined by the

following claims:
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a frequency converter arranged to convert a received signal into baseband

signals;

delay units arranged to delay the baseband signals to provide delayed
signals;

normalizing means arranged to truncate the baseband signals and the
delayed signals to a predetermined length and provide normalized signals;

a demodulator arranged to demodulate the normalized signals and provide a
demodulated signal; and

frequency offset sensing means arranged to sense an envelope of the
demodulated signal to provide an offset signal indicative of a frequency offset of
the received signal.

2. A digital receiver according to claim 1, wherein the normalizing means is
arranged to truncate the baseband signals and the delayed signals by:

finding a signal with the largest absolute value among the baseband signals
and the delayed signals;

determining a bit position of most significant bit of the signal; and

truncating each of the baseband signals and the delayed signals to the pre-
determined length dependent upon the bit position.

3. A digital receiver according to claim 2, wherein the baseband signals and
the delayed signals are signed signals.

4. A digital receiver according to claim 3, wherein each of the normalized
signals include a sign bit of each of the baseband signals and the delayed
signals.
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length is so determined that the normalized signals do not degrade the
performance of the receiver.

6. A digital receiver according to any one of the preceding claims, wherein the
frequency offset sensing means comprises:

means arranged to track the envelope of the demodulated signal to provide
an envelope signal; and

filter arranged to low pass filter the envelope signal to provide the offset
signal.

7. A digital receiver according to claim 6, wherein the filter is an adaptive lIR
filter.

8. A digital receiver according to claims 6 or 7, wherein the sensing means
further comprises a filter coefficient generator arranged to generate and adjust
the coefficient of the filter.

9. A digital receiver according to claim 8, wherein the filter coefficient
generator reduces the filter coefficient as a function of time.

10. A digital receiver according to claim 9, wherein the filter coefficient
generator adjusts the filter coefficient according to the following:
31 1 1

Q, == Q, +=*—

n=3% g 256

wherein o, is the filter coefficient at time n, a,.1 is the filter coefficient at time

n-1.

11. A digital receiver according to any one of the preceding claims, wherein
the demodulator further comprises a power normalizing means arranged to
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generate a power signal from the normalized signals and provide a normalized

demodulated signal to the sensing means.

12. A digital receiver according to claim 11, wherein the sensing means
further comprises:

a reset signal generator for detecting the start of input data transmission and
reset the sensing means.

13. A digital receiver according to claim 12, wherein the reset signal generator
is arranged to detect the power signal to detect the start of transmission.

14. A digital receiver according to claim 12, wherein the reset signal generator
further de-normalize the power signal dependent upon the bit position from the

normalizing means.

15. A digital receiver according to any one of the preceding claims, wherein
the frequency converter comprises:

an analogue front-end arranged to convert a frequency of the received signal
from a radio frequency into a low intermediate frequency to provide a low
intermediate frequency signal.

16. A digital receiver according to claim 15, wherein the frequency converter
further comprises:

an analogue-digital converter arranged to analogue-to-digital convert the low
intermediate frequency signal to provide a digital signal;

mixers arranged to respectively mix the digital signal respectively with sine
and cosine signals to obtain two orthogonal components; and

filters arranged to filter high frequency parts of the two orthogonal
components to obtain the baseband signals.
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18. A digital receiver according to claim 17, wherein the deciding means
comprises a comparator arranged to compare the demodulated signal with the

offset signal to provide the tentative signal.

19. A digital receiver according to claim 17, wherein the deciding means
comprises:

a subtractor arranged to subtract the offset signal from the demodulated
signal and provide a difference signal; and

a comparator arranged to compare the difference signal with zero to provide
the tentative signal.

20. A digital receiver according to claims 17-19, further comprising a symbol

timing recovery arranged to a symbol timing of the tentative signal.

21. A digital receiver according to any one of the preceding claims, wherein
the sensing means is arranged to track the envelope of the demodulated signal
by making the following determinations:

if x,<x,,>x,,and x,, > Min+threshold andx, ; < MAX ,

Andif x, , > Maxor x,_ , >dc, ,, then Max=x,_,

n=1
if x,>x,, <x,, and x,; < Max—threshold and x, ; > -MAX ,
Andif x, , < Minor x, , <dc,,, then Min=x,_|

where, x,,x,,,x,, are samples at time n, at time n-1 and at time n-2 of the

n’

first input signal, respectively, dc,.¢ is low frequency component of the envelope
of the demodulated signal at time n-1, Max and Min are the envelope signal
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23. A digital receiver according to claim 12 or claim 13, wherein the filter is
arranged to calculate the frequency component of the envelope signal of the

form:
de, =(1-a,)dc,_, + % (Max + Min)

where, dc, is a frequency component of the envelope signal at time n, dc,.1 is the
frequency component of the envelope signal at time n-1, o, is the filter coefficient

at time n.

24. A digital receiver, comprising:

a frequency converter arranged to convert a received signal into baseband
signals;

delay units arranged to delay the baseband signals to provide delayed
signals;

normalizing means arranged to truncate the baseband signals and the
delayed signals to a predetermined length and provide normalized signals;

a demodulator arranged to demodulate the normalized signals and provide a
demodulated signal; and

a filter arranged to filter the demodulated signal to provide a filtered signal
and wherein the filter is arranged to have a bandwidth which decreases as a
function of time.



