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, €3e22(6TY_ BIl1~Al~~ 5"'"R-~~' SLOPE, DRI FT AND OFFSET COVPENSATION I N
ZERO- | F RECEI VERS FlI ELD OF THE DI SCLOSURE The present invention relates to
radi o receiver mwﬂmmm%mr“ cularly to conpensating radi MARGHI2008 s t hat
are a speci al alu gdlifedihet er odyne receivers having an internedi ate
frequency of zero. BAGKCGROUND OF THI S DI SCLOSURE In the field of radio
receivers, there has been a concentratled effort to reduce the anmount of
tuned circuitry used in the receivers. By reducing the nunber of tuned

ci rcui t sSUOPEKEDRIFTI AND OFRSET GOMRENSATIONIN ZEROaAIIEREEGEIVERSg i n
smal l er receivers. These conpact receivers aan then be used in nmany areas
such as cellul ar tel ephones. A major advance in the design of such

recei Vegfei S Gk Hef Hidee dd as the "zerol F* technique. According to
theory,an 1Q radlo recelver can be constructed according to Figure 1, in
whi ch t he r a@he psésgmainvéntiororelitie toardden regeiverssansipmbreeparticulaclyl tp t 0 t wo

bal anced, quadrature m xctrs 2a) 2b (nathematjcal ly-nul.tiplyi ng devices)
wher e t FRIMBGISHINE FAdioERcelvors HIAt AERHERTHA) B3P Bbs SHRTOLHE FSEMES nave at

t he cargi fe nerated by a local oscillator 3. In
this m%@éﬁ%ﬁ@ﬁ%ﬁ%ﬁg@%ﬁ%} ﬁ?gﬂgée signal and the Q channel or
quadrature signal are generated. The nultiplication devices yield outputs

cont ai nh&w (o) @gts around 2f and difference frequency
conpone _ Wv r low pass filters 4a, 4b elimnate
the former am ¢hefiBARf rfalfo 1eREIVEFs, e hEShEen' 4 ORIl UTRRT B Fiug@n then

be anplified to any ~nvenient level by Iowfrequency anplifying stages Sa)
Sb i nst dwdarodurtioftuhedecineuitry usedin thiei recaiverEs Ryntradakcing, the mumber of itimedecei ver
elimnates .the interimcaonyersion to an.internedi ate f.requency b

conver t FITEUHShdRtER ORIANS O YR ACRaY ot danity B eFUSL spinein STATRE Fecebysit-at | on.

| n practinge cdpatt $8ehRirs bl (A B ded ARG dredsSsulR 38 tceliutal Hegty of
practical problens, oner%%i ch concerns the inperfection é?e%ﬂﬂéeegal anced
m xers desmajorpsivence in therdesigh ofesuble meceivesd isratechpifile ksowilas the Stero-

troubl e % ect of this inperfection is the generation of a DC of fset or
st andi nzlgv g’é‘et hat can be many orders of *co00002 -2 5 MARCH 2003 .
magni t ude gr egdcBFdihg 36 thed@p, 4L 1) ThaiBFeceividteah VY donSHLAEE YcFingftoer s,  whi ch
recei ve the m xer outputsy can be forced into saturation by the |arge DC

of f set |Figuretlefinrwhichh thejmdlio signali $fieam thesantensanl israpplied direstly to ¢vently. To

o r i SraRetl PR s 20 25 IR Bpdca T PRa R Ao RoET S W ot co. of
the of f s@inal & meRipliee respeilivdlf by a Sivéland cosinOwWARE ap &l ddrAkOfrefadieytdf t he

antenna, producing coherent intérference. A~~ a result) RF anplification is
not a sdisna} Scenematebby iloealinseitiatns 3. hin this maseers thgbrhanngl eo Hepbase

convent 1815 288, S ORcnaph orcdliRimnire, BB 45 oMeRRRET nE HNBRAHRRC | T o
t he i npudevided yidld dutpulecaitiidingaboth Budnfiéquch&f bGipdnents wronad Rf any anplified

si~~al is then converted to a convenient internmediate frequency |IF for
further diffprenee Egguencycsospongatsagourshrare draquenaye DSl amiovy passalalters dre

m xers. | S¢S) I l4] .0 j i ves are
at the 148'sltlnie ik fBhhRland WbebbBR aerdDEAY B EhrluBie B EORAE e

ant enna thén 6t aniplified 10 Gng Averiomeeel bybipwafiequegey emiplifying gtages 6a) by, the
simplicity and reduced sizé of the zero-IlF receiver are |losf. An alte~ative

et hod onsteadet biﬁhnfgemnef eowlifieronEswatially. s aere-JFatpcaivpr sijminates t_hle _
or a1 1 oA aphetied 163 fftr s Rodiion M S iE s Ucpioe il 1l

1

t r adeof fdivéctly tbltasebamtiing sifgletoperationl t that the DC and | owfrequency
conponents are |ost or gr ave% istorted. This jtrade-off i naccept abl e

] { S
in digital trhnBrctes,dhisssps 2&F-Hh apRreachpigbeset wigh &t%‘ﬁﬁgggcs ft
Keyi ng) . h . Y .
nodul at i r?b[ ecl’]@%?& geﬁg?é%eﬁg{vﬁq@rpgquenc@gggﬁponeﬁt&sqpﬁgﬁs Asnust aéed
eser ved. tolpésfecPaiatiiemdtical multiplier©?2 Tie sndsh sreablesorae hspecodf tusprapededtion f or

| ow frequency offset withqut | ~i~ing .or distortin he DC and | gw frequency
conponentsdhegengration of adAC Lffsghpr S‘F‘gﬁl‘f‘g JPfgee &hﬁbﬁbﬁ%ﬂi‘é‘a %Baﬁa‘% i's
differentiated to filter out the DC offset. The signal is anpl~ ~ied to a

suitable level and then in .-,eﬁrated to recapture the original DC and | ow

frequ'' ncy signal QMHMM 1“1 The integration essentially restores the
filtered conponent , iginal values in the anplified signal using
an arbitrary constant eafoob2%

egration of bounded magnitude to generate a
restored




signal . Using various techniques that exploit predeterm ned signal patterns
or inherent , ., ~li signal properties of the des' restored signal |eaving
the '~ preferred way of rlenovingv | derivatives of the 1 %MAREHRZ0035 MARCH
2003 -3 signal, the DC offset esti~natc is then subtracted out of the

recei ved S|gnal substantlally free fromdistortion. A such unwanted DC

of fsets by neans of d|g|tiZ|ng the ti w Il now be described. After
digitizing the derlvatlves t he dlgltal values arc re-int~~rated in an |

and a ace L r r the e { on process

I nt rod% F‘% y 38&@{3 u%dosf'g” egra ?’oﬁe‘iu ?gy Fﬁ’é’hlﬁcgﬂd"%@al ues which
are nOV\td&@N@\tﬁé nﬁierodlﬁﬂk EbdTRGEEd A€ sdtOratibe byahé gslm&iffséﬂﬂmgan be
esti mated and renoved accprding to ~' a aforenentioned patent. Errors in

t he di gbefpea thg dssised sign |begl amplified sEldientye the re-~tegrated | and Q

val ues exhlb [ Ch

sl ope is now ?’ea%gbaa%l%éfh , annt%:&t' Iﬁf"iﬁ feégm&\g/r{ ﬁgﬁg‘%e unwa%fs%éjmw%&%rary
const anmmsefthéelesxrédeggﬁill\mgmmt mtfd;mgmalmly,ha chbmnanstuacy 6f tiad t he

sl opes and subtracting these systemtic errors fromthe |I and Q waveforns

r espect Plfeatys lepkagq raﬁuﬂef;mﬁémwlawﬂkaﬁ@rbqskde the aatgnpy, prodedingal si gnal

process to A New
Appr oac o&kﬁﬁ%ﬁﬁg@e’t h’é %?%Hf Set mﬂﬁﬁf&%ﬁ/ﬂ?ﬂbr eé%&]{%&ggr !"éoﬁ{(l}%mhecei ver"
by B, Lbasiqsa tﬁe desirad sxgnéqmj tdhelenyditerfotente ARCAMPliNEY equalliyer ence,

~eeaucus, USA) May ?éo 20, 19~~i) pp..754-757, discloses a nethod to
over cor ne thé‘"ﬁﬂ&%lpé?@%e@ @H@“B@%W%‘&VCM‘P@FW“%@W&F%MOrecel ver by

differe A | ,

probl engéég%%g %a?{x@h%h@gﬁﬂpg tfu‘?e.' fHpGOLighdI™ thd'Grigindl'Bhtenta FHRYFNE].
The partially amplified mgpal is then converted to a convenient intermediate frequency
IF for further amphﬁcatxot before being applied to the balanced quadrature mixers.

In this situation, the locally generated sine and cosine waves are at the IF rather than

the antenna frequency, so ieakage back to the antenna is of no consequence.

However, by adding IF tu'q'ling circuitry, the simplicity and reduced size of the zero-IF
receiver are lost. An altc:?‘!pative method of overcoming DC offset from the IQ mixers
may employ the techniquel'variously called AC coupling, DC blocking, high-pass
filtering or differentiation lo eliminate the standing or DC offset voltage. The trade-
off with this method is the% result that the DC and low-frequency components are lost
or gravely distorted. Thisilitradc-off is unacceptable in digital transmission systems
which use QPSK (Quadrau":)re Phase Shift Keying) or MSK (Minimum Shift Keying)
modulation techniques.

ese modulation techniques generate low frequency
components that must be preserved.

U.S. Patent No. 5,-’ 41,702 discloses a method of compensating for low
frequency offset without ldziFing or distorting the DC and low-frequency components of
the desired signal. Initially, the received signal is differentiated to filter out the DC
offset. The signal is ampll’I ied to a suitable level and then integrated to recapture the
original DC and low frequz-ncy signal components. The integration essentially
restores the filtered compo#nents to their original values in the amplified signal using
an arbitrary constant of int#gration of bounded magnitude to generate a restored

|
signal. Using various techniques that exploit predetermined signal patterns or inherent

“



, provide a nethod for con ';information modul ated on It is an oboe; t of the
rate of change or signal $l signal is substantially present invention
receives a remain even for the above identified nmethods. RMARGH 20@pe
still causes problens. Therefore) it is desirable to g for the rate of
change or signal slope soi!that decode? radio input signal is substantially
uni nmpai red. gent inventior# to provide a nethod for conpensating for the so
that decoded information fgodul ated on the radio input ed. A radio receiver
accor dsigepl tpoonemdeseathibdidesined eignalhthcaDCraffset estimate isrthem aebtracressogtt ofdden t o

h b d_usi . | 1ef L=t . «Ih |
bascbatmetrL Rt I8 Bleotntindl ek GuE SuRBAIRI B, B SRRIRREY A par
(Q wavgfetdrrad {whptofasetn | $tdte AnWanteC D€ fofRbS B g of rddgMidingethe time

i mperfections or ff~omretlerence oscillator I eak%?cg radi.ation bein

" el vERT VRS thnt BHQ e e OB deperied. Afles Aigtzing the deriafives. - n. 5
VARCH 8000l alnes e FESRE4R8 nOT PP BRIt B B0 1 TyARL 1.

previously“estinmated errorts are fe the 1 igitrzation ocess to
r educeThe resinesgratiodi pyoddsy infpdtidea adsitranyatonstass of integeation ioshel and @ vatwker r ed

digitizing technique uses |high bit-rat elta dul.ation W t arti abl e
cpai e PhFlarC RO Hpeve Sl BBESIEd By AR HIEH) 450 6hE Bo Eotmared
negat | ¥ feidvel bedtaiiz’e i fardtbhbRicHRd th. Bhro¥@inug@s diﬂﬁﬁglggﬂﬁcéhs%hnc' pal

' o] ~ errors occur when a positive egati ve

I nt egrator capacitor. ! ) nd
cur r entead additiongllyi to dhe nodntegradd deanst) Qavalues-exhibitng ansygtematiteincredse @rdi ng

ol ocSERat Tl v SORE i AP SN A B b, b o P Ving e
| ncr enemyARSraBiRE) cyditafspt fedhtepfation B lebtfating Holtethe @ofdigs ahd e sloges

accunul ators) the values being sét by a calibration procedure or being
updat e@%@ﬂbﬁé@mdéksefﬁéﬂs@m%i? eirors fspmithel aud QFeavetpraw seppeetivedy. s Thad @sidi ng

to one | td t s | B radj o l1¥daNQ
appar s R AR Yre Upert BERCBLET BN o MRRL il pRel Y OUEHUAE I ALBEEILTE |
di scl osmiddechtie thesitifamiacion) g ~ring apparatus conprises direct conversion
means for converting a radjo_input si-pal to a co bhaseband si gnal

havi ng a redat NeWeABPiRRsh 0 JHliminal; a’ﬁrﬁ F%“La%gﬁbp‘iuéﬁde’eﬂeé' n
conpeng gda e ' Ea10f | ' IRe! Sedafidils, and
g sy oY SRR e 450 TEEE Vet AEpciody CobBrerRe Jedaite

t hat ~I Nelcp8iSdg Mey ilﬂfm.anPoppnmvm,aﬁsmc& hanathali to Ovesoems it ptoblem
subst a\Q'EthatlhlcyD&moMse}aer gxdre(lrt conversion receiver by differentiating, digitizing and re-

integrating the signal. |
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However, problems siiill remain even for the above identified methods. Rate of
change of the DC offset or dignal slope still causes problems. Therefore, it is desirable to
provide a method for comp ;ﬂ‘ sating for the rate of change or signal slope so that decoded
information modulated on thdqi radio input signal is substantially unimpaired.

|
i

SUMMARY OF THE DISCILOSURE

It is an object of the p%csent invention to provide a method for compensating for the
H

rate of change or signal slope so that decoded information modulated on the radio input

signal is substanrially unimpgired. A radio receiver according to one embodiment of the
present invention receives a silz nal via an antenna and mixes it down to the complex baseband
using a local reference oscilljltor. The complex baseband signal comprises a real part (I
waveform) and an imaginarf part (Q waveform) that are corrupted by DC offsets arising
from mixer imperfections or fﬁom reference oscillator leakage radiation being received at the

antenna as coherent self-interference.
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According to anot h~r enbddi ment of the present invention, an inproved

anal og-to-digital conversjon apparatus is disclosed. Conparator neans
conpare an input signal vpltage with a~: ~feedback voltag® MM%@@D§ti ng a
high/low indication at a regular repetition rate det '~ fined by a cl ock
pul se train. A principal integrator neans integrates a controlled cu ~ nt
to generate the feedback Yol tage. Cha¢ge punp nmeans produce said controlled
cuent controlled in nmagnitude by a stepsize controller and in direction or
sign in accoacsigiagwbidnetdhbodirgétlofuhe peisemtinoention| praiidssly estimatkd er means
controls said curren'| magnitude in dependence on hjstorical values of the
hi gh/ | REoradFe fad back tathe Pigitization piogasytq Fduse sﬁrerw digitizang H@i cati ve of

t he cur Glsat I

posi ti vée%r ecti o{r}fgg;bq entﬁﬁrg%rﬁaeﬁcﬁyéﬁggéq t1rve di recthi‘%h bit; tgudrermelnt fl ow
r espect mséblytioredthnuarabler stepsives Tkl variatde: bepsizd 1snobtaxﬁed/h5€(§lwu2:ﬁﬁ& i 5 the
digital stepsize value ~ roduce af\sﬂgqrfl es of accupnul ated di |tal Vv Iues

r epr escPAsHiVeRndRegative FWE tsorEsRa Ol HFFTERCURERRE Y t%E’(‘HgEl '~
nbodi |
odi megy %to{'] G e8] %\S{f;d? oPlhr et ggﬂnt Bndhe It?rveg gélgegt and

nmodul ~te or ma i to acc or an
sl ope ipaidde mloo;ardlucEleq\mlij uerent magnmldeestAcmrdmgmo ohé smbodnnhm lofpee i s made
and hypotheses of, al |, possi hl e~-wal ues of. a sequence of ,one or nore

i nf or maPiESFNtIYYRALoR, thed GgReat sqigpe yalups are;campensed By Histss, t he

associ a&&%sgaﬁ qg.&h ATRJsE, ineeke of

of fset and Sl ope ])a" Hﬁqﬁ@gﬁ% ﬁlggt?%lgeof of g?a%trmz;%g pg)t are stored
agai nst integrating I,@mhymtlmﬁmsﬁm valuas teinghsdt\hyot tadibiratjont pmcedmcmrdm@t i mat e
of of fsi e.is. uged. i.n cal culating an expected signal value and a
m smat cH P‘i?é‘?‘{/]\gléi B %‘thf%“ﬁllfd aégpglp%g{rg:aq.‘d the expected value is
conput ed. Thﬁceam,{]&ﬁon@é bodIRRnEEOME PrkRht Inveian dRcinrotaPraiao! . the

sl ope and of f set I mat es| are u~dated "and the m srat ches are accurul at ed
to for nrecejvinghapparatius foradi tfcomveeaom oémgneks thyapbrseleandsfor procassisglivi ng

AT R R 58 BB COMECERALFS, OB GOnmeas IF oduce a
equen oduce a
nost | i kehverfiyg Qtraﬁallgpafm @oaﬂeéhhl Péxelﬁasbtﬁﬁn‘arsi%{aﬂ %vx% ORLE waveretantial Iy

uni mpai red by said tive sl ope and offset ese an ot her fed apparent
to one efd @ndmaamaqswawpfmgorﬁlqm:andmffwttcnmp)ensangurreeans iestimateraffsets t he

|l
embodi nd SRt argH B by AR APRE ROUR! 2 o

the i nVﬂﬁlfﬂs%dVdffdets%cﬁM deyomng k,r hdfohﬁaddhem@amaieaqm fheqadielihpid Nng written
description, ~e draw ngs, in a sinple block diagram show ng a prior
art recéi ISL%lbﬁglib' wrrbmredt hom)dyne receiver; ~~slope error

conpensati on and sl ope
cogensat I on A é“ﬁ g"@‘%o%éé‘%ﬁ‘on Of@\?ﬂir%n ﬁﬁggmd %MO%OB 6 P
Figure %nﬂbguéidﬁgflw&oﬂvéi‘mbﬁ?ﬁbpﬁﬁm‘ﬁf diseloséds C Sovfpardtor eany comigareant he

principles
input signal voltage with a

g

'feedback voltage and generating a high/low indication at a

regular repetition rate det '_ ined by a clock pulse train. A principal integrator means

integrates a controlled current to generate the feedback voltage. Charge pump means
produce said controlled cufirent controlled in magnitude by a stepsize controller and in
direction or sign in accordiince with the high/low indication. Stepsize controlier

means controls said current magnitude in dependence on historical values of the

uces a digital stepsize value indicative of the current

high/low indications and p'j
magnitude generated by the charge pump for a positive-direction of current flow and a

negative direction of current flow respectively. Accumulator means add or subtract




of .U S. Patent No. 5,241 P02, which is incorporated herein by reference in
its entirety. An antenna 11 receives a radio signal which is filtered in a
filter 12 to renobve strong out-of band interferers. The f5MPé?@H?§?(53nal is
then anplified in a |l ow noise anplifier 13 and d4, ~~vnconverted in
quadrature m xers 14 and |15 agai nst local reference oscillator 16 w ~ ich
is tuned nomnally to thejcenter of tle channel frequency being received.
The co | ex baseband srgnals frommxers 14 and 15 are |lowpass filtered in
channel fii t seband signal s
W th f| teé‘é&&;s\tn rﬁgga{m(i:‘%t ( L‘S}Wd?&sf?ééq‘téénﬁdcg?ch%g qui faé ent to bandpass
filteri raprésentatiaeliob tiss mpal sxgnalrvcﬂtage mavefdrmandw dt h of 2Fc. One of the
advant ages obt ai ned usi ngjd ct copversion recei.ved IS(%&E%? such | ow pass

ftiters are AFEPRHNG P BHMEMPORMenhY the; RFsant ARYFRHIRs2 Mg a probl em
wi th ho W%eg n‘!tF fddl tédh@fth @h%ﬁhﬁu&f‘si’xﬂﬁolﬁo qecd?xﬂt f6H #Padlifivé
zero~le h |nput ignal is present” Instead, the m xers output
static Eiffsétemell s%omtmstdm:l erFiot, axenaunifesmdam obbffset anfl sldpe mnmﬂdefandr 13

tt t d t deal | LT t t t ted
31 gnal . Prosinbie ol BuSbE el ¢ sefiobond Gy IRERERARRAT of
hundr edgeedfheftihddey OFbSe2RfstoRid Ry RHREEEs, e aROcRiide 8tk syliBDscHubRRIE
I

signals in other channels,| which’are not renpved unti afte assi ng
t hr ough uféd toemgke dn Ixmpnbrfbd estimte dafeoffsep and iskoge tand dhe nngroevad estimateafs and

[ 1 t t I f 13 d 14 d mh' A t d
Vol t age O IFRb i, tgred aedidst it RLRE Rygothesy ks Fash B Ss by
vol t age; T‘F/Rt RE \eeﬁmawrmmeaﬁu QU Mt moéataﬁ&tﬁtgawekseeedbsrgdaﬁmge from

t he osci 16 being recerved at antenna 11 as coherent
i nterf eraadrcaemxsmatdobetwnert rsetnplet of theanmedidated Isignahptd fhecexpected rvalut:he

i f th f set th
nant od SPERRy T hipdthes - ofe e SEQERRENY, ARtontod by Bk uRbal e sBPe e pl e
of U.S. aRatoffset Hf@xma'icﬁﬁ'é,u tedtdng tﬁEnﬁEﬁtﬁ@hCJ drenickiuliedeioSfolm @Pﬂh 18 may

be distinguished fromthe nuch small er signal conponents, by the tTact that

the DC osencwglueeﬁoatewgw cglt hyporiiesise ant cesol\jngubetyiaep saidnypothesec hangi ng

the Eﬁaﬁ‘)d” S e e PR P o) Shchfl iRyl feliedesy & 1177
¥ RiequaRREstimatiohRtobasa gl pfodudaasmelt 18lelRYSothésts bhsid Mdliuldiged

preferabl after differentjation to renove the Static DC " ffset
conponerinfprmatian syinbols sub: yi whapained by said asiditivegdopeaandbaffsest i on
converter. The delta nodul ati on convertor for each channel conprises a
principal intrator capacrtor 19 and 20 which is driven to follow the input
| or Q SBRIEH DBSCGRIPTIC ] Ehakggyggggent pul se from charge punps 26.
Conmparators 21 and 22 npar¢ the | and Q signals with the volta e on
respective capbesetapd @ﬂ@mof't@r@randeadéramagw ohtheiinvention; will Yehreadily

register ’ r processed
e st el 16bE SF ordndcf ineer B e £IR %ﬂ%“ﬁﬁ%&n&s‘é@nds Lo the
char ge puseRdin 26njuhbtorc Withahededwingd, ianwhich: are able to sense even mnut ~
errors of mcrovolts bet ween the voltage on a principal integrator,

capacit or appl’lgm‘e~ tIBUS.’sﬁéeS % pimple Hipck aaraetste“gnanamcapam F@élvﬁbuﬁlﬁé ot her
corrparat& ng i{glﬁ ~|nmost of the receiver gain can be said to occur
in conparators 5n' |éh have sim |l ar technical requirenents to the
hardlimting Figues muugme prioe attyhomglynkireceivdrai ns used in a conventi onal
super het erodyne receiver having a non-ze~ | nternediate frequency

provi de the rquérﬂlmmslﬁp@ﬁﬁayﬁarﬁp@naaa%@) ap Asto-Dy epnvgrer a@cyrélag handl e
want ed s - se | evel to perhaps 100dB
stronger tﬂ‘?é 'Jpﬁe h%flfsgpfhe’er?&nt E'W%h{;‘?aﬁﬂ ~ ul ation techni que can

i ncor porate vmg\ﬁbuanammes glepocompenzation affemietoeDyconhersiohasf thedtandIQ| ogi c
unit 25 can enable charge punps of different current magni tudes according
to the n¥d¥efogMEause prrncﬂpal integrator capacitors to followa lar ~ a
signal swing or a small srgnal swing. A typical conpanding principle is -
decide to increase the step'sr ze or charge punp current |f conparator 21 or
22 indi' tes three successiyve "ups" or three successive "downs," show ng
that the voltage ~n a capacrtor is having difficulty keeping pace with the

l

signal variations. The d ~~ ision to increase the stepsize causes an
increnment to be added to a stepsize regis~r in the logic unit 25, while no
decision to increase the stepsize causes the steps' ~'~ register to be
reduced using a decrenent. ﬁhrle different increnments and decreneri givVing

drfferent conmpandi ng | aws are wel | known and are not material to the gene
~ prr ncr paI of t he present |nvent| on, it |s |rrportant however that

o o - I " v T 1 o v I



nmeans of .a conmon step channels. The val ue nome determne a correspondi
exanpl e, constructing a register so as to preserve equality of gain in the
two y residing in the stepsize register may be used to cuyr MARCHWRGAOS val ue
fromthe charge punps 26 $y, for of charge punps having current magnitudes
in the binary ratios of 1% 112, 11#, 1/8 .... and enabling each according
to a corresponding binary!bit in the g{epsize ~~gister. Thus, if the
st epsi ze register containéd t he val ue 100000, only the current ~ource
havi ng r ESHRE i [ | d be enabled, while if the
registe&ﬁg%gﬁégﬁg%U|ULu 00, L lue of 1/2 + 1/8 = 0.625
units woul d IRgeretailldated aadifdcy Bomversie reagivee i dcsoﬂﬁigetdme;ﬂ-irtvgplkhe sign
n

of the cog})arison | atched|~~in the latch 23 for the I channel and the | atch
24 for ©hd.O Pateahdo; Satfd@3.swhichiis eorporaiedhetayn by getesencedBiitsce connect ed

to the AAY i e , SENG d capacitor
to a hi %ﬁglfct[*io?flggé&%%a ggwﬁ#‘&ﬁ% ?ggbﬁgﬁfﬁs%}ﬁ?gg@gg#ﬁgg?gdﬁ% Eie&)- ve supply
rail to rbmoes stbbrgrontcofibadniategferéree Tirpiliéredsignal B thevamplified ana.lowhe

magni tude,  of the charge or discharge current i s however decided by the bit
cont ent Tgiseramplifies I 3k defyncapyededin qwtargp@es%ﬁ a9g) 153gagpsplocgl e t hus

caused rgretich Qe 6PWfick? WA HAHBInkIRP RP(He! QReY of (ROPRAnak] ABq@lncp | ar ge

DC of fset or pedestal on tlop o signal varration Ires.”The~~,
p/ down deingereceived.t Ghe afmijiléce baseband sigdals dtomm nrizensdldeartds15 hee kivgpads changes

howevd~, _.and, not, t he of [f set iLch are gt hereby renoved. Accymyl ators 27
o 5s it o thandel Bliesdiand 1 Lok bk AIBEIng dhe ERBDISS, inseliond, Sgnals
sequences; Cﬁﬂ?ﬁ it j I istedGivaldn gm&g&s ﬁpﬁzﬂ%

del t a- rme‘glgf)g@gt& an ée)léé:u%)drdf sﬂtﬁ?gggt&tﬁmcﬁa& |tgf&ste vsgﬁue t E{eéach
accunul andio signabmwiing filter thhadwiitloof 2Fed Oneoof e aidgantages obaainedrusiagor s nay

be reset . to zero at some conveni ent point ch as at, the beginl~ing of a
TOM T aciE52% FTYAFIBR PNV 1 Tk SUFPyIBN Bt (LEEN 15 628iRE 1S PORAC] theuavef or ms
with thehi??ﬁ(?ﬁ a8 fiftefsS ° gﬂﬁléﬁ%ﬂﬂ{ ﬁéﬂ?&ﬁqxe rbéeiVd§is fHat fi‘rﬁf&@l'@&:ﬁf was
reset,;. The correspondi ng“ r Qpart of tHe received signal was not at

t hat ti n¥/ demot give at aazere|leviel whige nioninpatdsigradl isspreséntr &psteade thesmixddC shi f t

ffset of W ef t ~~hi b
o cot o Sl 2 DSl 86 e tean o W BRL e L e R
di gital ahrdorle Wiredl déIRDEARTPHNILAAGP P radse RBGwatied QS ifrdri tRe AlicrBRBIt—Um or
mnimum || | Thrs residual offset which represents an 5 MARCH 2003 g_

ar bi t r arlgvelomeceived asithe anténka ¢o atleveh of Aundreds efmikiyolly neededgo smiaoip the
know edgg -of ..t he e of signal expected ~ d estimating the error. The
esti mat e@cg?qfﬁm'i‘ég’{)ﬁ‘éﬁ“gfﬁ ?g’ﬁbt'é’o&g roﬁ\af’ﬁeés'a‘gﬁlﬁhﬂf%m reaRRYsa Rfes

bef ore f pdsking rthfu@h FRErs 47 aMd Prss vallicaniplifive tol dvén @redtér’ leVeld An@uiill
operations on the ouitrput signals fromthe accunul ators 27 and 28 i~ to

col | ect satwrateathgaxmplifier 1Sodnd mixersibft @ndilgrshick dgve Himited yoltage SWingDVA bur st |

the b eapaPlty b Pk RiRaRnr R, aivEEhAR, RBTT Vot MAE R, s o
conput e frifer. duMRIcFBetsVat Whuld By RakagedfiBhase abdllitoe 1QbeRiEPlcRsivey af t he

segnent) expecting it to bie zero, and then to subtract the nmean value from

t he stor wem_laahhasglcomrg@tsl. vinterfesenses it dasameti helpttn duegrease tbcamiﬁcn@orln 0
Lo, comeltdbepifter/ iRtk 815 it MiiRing P olriend St i dhB e | 715

path or gigdﬂownmriﬁipmﬁﬁghﬂmemj@ by using a training pattern known
synmbol s inserted periodically in the signal streamto estimte the

anpl i tude ani -Acgoedieg 7 theaprijciples oh §sS. Patent Nonbatl 03uthiecE offses fram ci ent
| h T he | ' | i
t heecho MeCRBRE 798 18k B3R RIneaRRaY RORF AN Eer HRBIAMEH bibonBIE, 121

spon e expec I cul at ed.

The err obyiké f&e thdt ike DQoWaetls relatiedly athtianwhitehvhe sighabcoagorehtageunul at ed
for successive data sequence postul ates that '~ a nutually conpatible and
t he sequéhnging dye thm fagmatione T hgrefase aHNGADS df beed tosdighizg

sel ected . hi Wi : ible to use the
known trai n?ﬁﬁgg%gy{ Eeiwr? qégﬂ/ éé?lés?r%f@%?ﬁgé%doh{é)fgm@%ﬁ lé}' (r%fs?agr atipjn as well as
the ethos) and the estimated constants of integration are sinply a ;- ed to
the 1,Q predictions nmade usjing the echo estinmates and a data sequence
postul ated to predict the I, Q value that should be received including said
constant offsets. Tl~ constjant offsets of reintegration are thereby
prevented fromcontributing to the cumu~tive path netric of the Viterbi
equal i zer and thus do not clause an error in the de ~ ination of the nost

i kel y data synbol sequence!, In the receiver ill strafed in Figure 2, the
di gital output val ues fromil,Q accunul ators 27 and 28 ~ rrespond to the

R v o A~ o n o - M o



I
. g P Pe integration of suc‘essive' ~p/ down current pulses of a given step
magni t ude while the accu Ul at or s performa digital integration of the sane
step magnitude given by the | iJ 5 MARCH 2003 -10 st eps? MARGH 20@3 of
cont achi eve exact correspon the stepsize register val N-type field effect
tramnmake it difficult toiobta the associated positive i enabled and a
correspo~ followed by a négatlve from1he accunmul ator, ~I logic unit 25. It
is, however) practically iinpossible to ence between the currents gener at ed
by charge pumige PéndQUchadnelTSigiats afecthlis digitigbidf frefeedttye aften diffeemintivincs of
P-type and slots and betwgen NPN and PNP bipo|ar transistors that i a
negat i vdo dempehthessatic PCohfifst scomppnents, %r@ﬁﬁédﬁ%‘?‘ﬂﬂ'&h&g by meafs Qfour ce.
Thus, n value Vis
WA, %&Rﬁé&q n9 ﬁ%xe né %grt& %dd%laldgﬁ%gﬁ%é‘rgoﬁt &Pbﬁ:&@%

added to an accunu or ource belrng ena I s subtracted

accunul aoatprised derincipal iregrator tcapaide t1Byand 2o whnoglmdhvmltmléomkw Itiee t he
correspaqndi ng; ~capaci tor voltage will not) ow ng }o the small difference
bet ween 1pPH kwaﬁg%g%h@yad, aeapgélsebﬁfs%ﬁvgentwmg‘a rom eiarge PUmPH 28f up/ down

commnd

The neg gﬁ?eed a&ai n
capaci t mapacitofrs) ahod gehdratel 'mghllswtﬁ\dicauon whidhhis ragisterad iat latchesR8eandi24

di verge by an ncrea3|n ymount  per up/ down pailr and thus exhlblt a sl ope

error wHt@regsar & %éﬁf ?eﬂﬁ%@sWe‘lnfq e c“’Fﬁ‘i“s"%‘F’Gbl“&‘? HnH23gt0ver gence
bet veen 48648 GpAEdlRESM h&’?&dﬁr@\a%éke%ﬁrﬁgﬁzé. Phéao ltSrsSP! Yd 28 ¥re ~€

present nventron. One enbodi ment esent i nvention conprises
i ncl usi ;ableto séinspeven nunum{(mmmsﬁmwmvmlts betwekin tihitevoltagemniud ptincipalAt op

conversmn rocess and rje speci.fically thin the d~gital re-integration
process.!n BCapaciipr, ap etg%ﬁé“ﬂ\b‘t%dhﬁ of @H%ﬁﬂﬂ%ﬁd ééfe%‘g L_rors

accor di r&)rﬁ&:ﬁtﬁ?u@ﬁfsqﬂ sgmﬁgﬁfgﬁfﬁeggt f o8 bechaGhechReS 30, 3L a2

are connected to ect consi a pbsitive val ue)
and a ~-cowparatore? | and 22dehichl havme:gaiar\t&hnadaheﬁ)quaeumnmtnghe handiimbitiag t he

sign of jhe | dowr ~ ste rmnedb t.he del ta: nodul ator's conparator is
+ (up) "T(eg %%B?ﬁaﬂﬁt{ﬁi“ ‘é‘%/ i1hé "é‘r'?derﬁéﬁ'éf SURSTRELETQEENS 5 st or ed

in a cor{eggpgpgéﬂg Raddn-rb TnErHbBhe FedfendEMOry positions. A person
skilled in lt he art vﬁ f ar‘)%rgcfate thaetxﬁlt R%gearra. ~genent of registers and

sel ect ors 30, 30,provide 3ke ceopiviee va&nwhrgfeduﬂaww npigenee:,-the iabiliy to hamﬂc at ed

circuit b ans smal 4 Access or ctroni c

Fr haabl eVERGE AIG IR EEE T TR FeBrhet |00 et Banathe

addr essi pgis@1vaN ARERIBItS modutatihitedin?qlié3can incorporate variable stepsxzc or
companding whereby theistep control logic unit 25 can enable charge pumps of

e 0 ST o o v 02

ation orces the

different current magnitup*es according to the need to cause principal integrator
capacitors to follow a larqfe signal swing or a small signal swing. A typical
companding principle is tb decide to increase the stepsize or charge pump current if

comparator 21 or 22 indikates three successive “ups” or three successive "downs,"

showing that the voltage elﬁn a capacitor is having difficulty keeping pace with the
signal variations. The djision to increase the stepsize causes an increment to be

added to a stepsize registér in the logic unit 25, while no decision to increase the
N

stepsize causes the stepsige register to be reduced using a decrement. While different

increments and decrements giving different companding laws are well known and are

not material to the general principal of the present invention, it is important however

that companding be applid(d jointly to both the I and Q channel delta modulators by

|
,\
|
|
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. -11Each register pain andg
bit in the stepsize regi S1

associ ated sel ector corresponds to a particul ar
er. Inthe ' rior art, a bit in the stepsize
regi ster indicated a current magnitude according to i ~I ZTMMR éﬁxﬁb) t he
bits being always in the series 1) 112, 114, 1/8.... relatlve to each o~er.
The sign of the current s indicated by the step5|gn bit, so the magnitude
i ndicated by a particul ar istepsize big.-was the sane regardless of sign.

1fie actual positiv and negatlve current sources cannot be perfectly

mat ched meb AUISE FicKinior’ S5 %ﬁ?cr 5 1B /pferve &iﬁan?y af;ﬁn%rtﬁ@twb”ustrated
in Figure 3, the nagnlt des stored in the' egister ‘pairs are | ndependent
for thechumcblve and negatji ve stepsign. Mreover, the:|l slues associ ated

with differe S|ze réﬁllster bits are not co.n%trai ngd t o, bear a pov-~er
of two relati ‘PB"‘& Igtisding ﬁhpﬁé?ﬁpsgﬁcfﬁg‘rs GimaYepe ¥e progranmmred
W a Vahﬂtﬁnﬂﬁ@rae&ﬁ?ésbaﬂith Quﬁ'ﬁﬁtup?\hs&%lﬁ@ﬁtonpihet&lﬁré@ﬁhbyﬁ6Qf B&gative

current source ~at IS enall ed a particular bit of the steps| Ze register.

Thus, wessmplec g@tts@mcneg)arsqeemf dtam pumps haing curreathmagoitudesdn ithe enabl ed to

O Sy SRR A5, EBBR c Bor PR O e BORERL oy

val ue. TBiHaby BRGHthe Etl&bﬁﬂé) gist&aCiThiN, tif mt%ps&e%gatert&nm&dnmewuel "ina
ster 36 ena Ilng an associ ated gate 33,34, ... to pass ~~

st epSI Ze Ieql
sel ect edOQO@) grly the wgqnsdeurcvémwg the largestcuent vadue ofi 1 unitwouldrbaugh to an

e e FIR oyl e Sk Ol SRNERORS ui LR SR A PR 20RL, L, L

enabl ed 0. &?@ﬁ@ﬁoﬁﬁm@dﬂm@@ @i sikri SEthelRPRnO B Bitérniifed BthEkignt he
. principal integrat Orvllq h@‘gam tor. Thus, the acct nulator value will follow
alc

nere ac@fthe epRparisen thedaigh 23cer theel phanael gnd the latoheds fardhe Qipaci t or

opt i m 2 SR B A 9*8*%&? Gl SHFEE Bestcl B B Re oBld 51 s

that ~- raitys dt@nhybleeRs ehagp thessbeibrllicapaciter ke athigiedruritagé of A Wegid i ve and
negative current so ~' ces{ 'This could) for exanple, be carried out at the

pr oduct iGYFreat sEchyonnected tafthe-veasupplyarailon berenabledrte dischargectieeach current

source I

correspon |CE§?3{)§§? J'VP W{d&e 'p(?)er ren&g‘llﬁﬁl‘h%'egn%t}@CH%gg%?sd{ngc\?'ge%%&hennry such
as E2PRMdwevendectaéd by meobit k dontent 6fathbackpt controb repisterce’ s sin control

m cr oprocessor, for stori ng| such factory calibration values. The ~i ~tored

val ues can | abs capachters 20 and 2 baresbikraused te fpllaw theol and Owavefernoaded i nt o
~~st s | ~ |
tﬁe iore; eclt%gcon?,e‘:?r?s?wtnh Of a51 E%r S 3‘8&%%* pe%%tagtgpitﬁg%fég}ngt&ﬁgshpalﬁf ter sarn

decodi n signah varigtir hemgﬂ’ha p&dosvrdsefries 1of sieps) of the deltaombdtllamn repretemd ) t he

devi ati o recej ~ sig efo rom- t. wa rmthat woul d be

expect e chie Sieneh Grangfs howevery ﬁnftaﬂtéﬁtbéaﬁgsse OE AR HerysTiRedne i oi tal

si gnal i r rift over
g ?&@ztg%rs f‘h?.n&'%ﬁ @ééé%thé s\iAipéiggorr‘é £ vafued aHE’t‘t'fb ﬁbMBGm%%rP'

t he signa nment o respectively pful if
i n addi tseqnextchepmdubed forf |IrQ$ignalstb)clhe~twntchammnlwempandwtdd‘:ltaenhoduiagnner ate

a positive current and.theinynber of tines it erated a negative current
are det A ?fé‘aorb?‘h‘@ﬁﬁ E‘edﬁ ‘t‘aLj Y?g S.aﬁgu'gwét‘m?ewems 'é’r%&ngerrent of
Fi gure nu f 7 tivat ed
by N - RSO B ﬁ%‘a&t‘%“nﬁ%u AOR SFatt O Rror SpRe fgpiec |
_II\_Ihm | u~: ~pomdstfchelsealmhe bcgmlﬂtgganlf a\lﬂDt\rﬁﬁg?ad)etsv?mhbmgmllmthaﬁ&fmﬂ veitidfotibwbur st
is ma va ~ros arate the.valyes of li after ocessm
only onetiianal 138 ot s FRanier B 6t Hapg besn pepaYes bl °
segment say b&*uﬁuﬁater QA0 F6KR H%bh@EEonHﬁ:gSPJ)NQ parloPthie rebdived stghst %at H&n

sequential |east squares ptocess (S preferred approach for a sting the
cal i br at &tothatofimetrerd,i anverrerdwill tmentmunedwwpmc@amsentm laCnmlh@d affset-o§ ol vi ng
in the lgast s uare ! uations collected to t in .an

ef fici en&’ S[r?r ﬂe‘?’a‘f %‘i’“’% @é‘%’ég‘gt"ﬁ‘éﬂfﬁ&ﬂ%‘e‘?‘tf ?’8 AV R @?8356 B‘@E?l

sol uti onjevgl #Q1MEndéo HHS :qu dskC@dihy u?ecﬁﬁ'gltﬁleﬁhl@éklkﬁk'dmh@ a&dumlaepd 37 Thus)
the calibration of the Ii valued can be updated by the Kal man process after
processi and @840 satumptefat mgﬁmnn .or |miniraymp ot hip gesidual offset whichxmepresents an

Kal man procedure so often, {as the calibration of hardware-r ~ ated
paranmeters i s not expected to change rapidly. It is possible to accunul ate
a Nunber of the above equatrons into groups having simlar N values and
then to proves | the accunul ated groups only occasionally) in order to
conserve processor power For exanple, if all the equations having N 1 as
the largest coefficient are summed if o a group 1, the sumof the N 1
coeff|C|ents mnll |ncrea5|hply cone to dontnate over the suns of the

NS o " o,




~sum of the N2 coefficiec~~ will conme to doninate. The accunul ation of
equations into mgroups in this wa~ 1 wll give a cunul at| Ve@&ﬁ@éiﬁ’g set
that tends nore to have a'|di agonal coefficient m-; ' , nost
wel | -condi tioned for solution either directly or by the sequential Kal man
technique. An alternative |~ ni que for slope conpensation is illustrated in
Figure 4. Figure 4 illustrates a pai ~;9- of | and Q waveforns that are
represented by a sequence jof conplex nunber sanple ~ after the digitization
pr ocess arBitthiy edrdsiant of ré-duy tiomdai be rémuveahbiy Quagtpnmnllmbenedg\wcrfaheset to

zero just befaqre informatilon bearing signal re received. Since it
~~oul d A¥Re pesighal arppgted %@F%g@i%} g;p ‘%‘@EWﬁé i§ f¥Bed zero at

the resglpiaciad mteh%cﬁng\éx&rt %@ﬁu&%f%%hﬁ@( roc8ifgant of

reintegration is intro owever 1Is now of magnitude no greater

t han the mntk@rdegaélmmhathgésanﬁmgm openahbnssbm aﬂteeeutpu(}igmletfmnmmavi ng

both this co tang offsegt and sy t|c sl. @e of fsets and sl opes
7 ey isdh itg

are ind@ﬁ%‘h‘ﬂ {onp d Y V&ﬁd"ﬁ‘&\f@ °§ fEm

det er mi ny h t e to
t he digi t| zed ?‘?ﬁ’??gaﬁuﬁg‘cgqb rk%ﬁor m @é@%ﬁn&r ve %?{r’\%?t ebhnl gues
are wed mkethod of memtmngrthe Banyeenﬂstantsfoﬁnetnhteggatmnmhi gic'n Uel fer i n t he

| east suare senseto se e is . to yi lue a, for the
sl ope ofEXAMDIa thsompY e sampinsrant e © ok SuGittse m ang
corr esp%gmeat @?&%F @to eefa %u%at 8 subhak the’ meﬁ V100 Erofl theOftbR@l S are
subt racted from and waveforns prior to furt r processing. This

si npl e dr adkeQuvatuesanMooé minmsuqatedhaemassaompmcssmggmadermmardsgmﬂy
relativel éﬂho‘&g s ch tha nfo\ﬁ:I lonhg‘uﬂ] ati on avera ezoto zero over the

segment ; dBToRpAtion Gan, Iy ZEBUPLAPRER HeOS Afnat i on of
the slo f i I
esti mat elgt%%ﬁlslgtﬁrgn%&siggg&ggﬁ) rn: zlitﬁgg %ﬁ?:lﬁgnﬁea%&egg%@%ﬁ of digital

i nf or mat wsing aftraitingpatterapoicewrwn wmbols inszeaed peiiodicallyginathe ssignahstreamidonat i on
wavef or m s kn andj, ¢ btra~~ ted fromthe determ pation of
sl ope antf %&a&gﬁ}e 'F@l‘%ﬁ ldlpﬁ g‘f# ed; 5o m2leosY mRP! $eqyrnces 0 g Vi t er bi
equal i Zeiufﬁ&t'&ﬁ‘t feﬁﬁﬂh%%c@ﬂﬁhﬁ%@%ﬁé&%ﬁ&ﬁlom'tHéH iéostﬁlai&r ahd Qﬁﬁl%S' ng
each I , Q sanpl e preferably by the t'echni que Known as "Kal man per ~i'ter bi

state" a&lecbe @ iestbmates,na co%sncadmgtl Qozalt&) tollgcexpeeted as celpdlatqdnng eroency

error t.i mat 24878for estimates and|n
0" pa O T OV Teseiod ag e aseskoBrlEd Y dheu e i s

5 MARCH glfdéncelfostehtds tut lak® mutidlly’ @adfatibie arld me%e@féncs%m ﬁr%tlbWBEteS These
patents and applications afe incofr porat ed by referen , herein.

'per - st agemulative egrar )(pa;hw tdehis them seleatedips he@wph | i kel i hood sequence

ot yer unr ecoft B Biecs® ol BERREAGIRIG wBCR0ESR CRLBRMRT I R Ge e <

of the déleacone@HBNSFEIntey woll @5 tthe echdb Carf thehBtimheidecons@ngfdfset s of the
I, Qwaveforns can be made,with the effect of ~~ a hypothesized data
sequence integration arersimpiy addesk (ot the 1 predictians made) usingotgacha estimatediang t o

Seavancet Bl FREES' GHRRRENS d-0fh Rk 450 Wil bl Ao A3086L 02,

w~ each gsilizonsantesrEsets)y MHE leoAstanti offseROMTeifiegaticn etth Fpteventéfhﬁomf f set
d slope stored in a particular state is used to predict the next I,Q value

first oncemgibyting tmﬁtq ermylptive path metrie of dhey Vierbi jequalizer and thweﬁo aﬁt t he

actuar 1 ygeuleredr ircend dhisrfinbeion o e B B AR R SBBER hecric to

obtai n new pafih thetdcelier ut utatudstnmguret Dethe digied oafpus values fiom 1jQ@ st

doubl ed, but then nay be hal ved selecting to retain only ~lI_a best of
the pair §°‘6fm'§t“é¥%37 ag¢8§ qsnovaf/ fo @etvot%t valyegan theo?%p@c“ﬁmﬁel% AbGEhed
stated c %}.%Ses l;@.pd} by one
dat a synt?"lr"}:i'EH and t he estl mat g,gh%§og, sl ghée%g%%%fsfset ﬁéﬁeg@ﬂggt ate may

now be upntegrdonoftshecessiseimpldown tdreémtdn&emeﬁvagwdmttep Inzetg nitade jmhslt theen
added to each extended dat @ sequence, ~ Er ue. Fi nalléél t he stahg havi ng
the | owedFCYRYIAtOsE PERrm & ét‘%ldf‘@ﬁmct’é’“gqf\} © SHBe §top| magfiiide B DY % t hat
is nost likely to be true, jand the associated |, Q sl opes act offsets are

t he best estimates of sarre’lwith t hat data sequence having been s ' ifically
accounted for. The slope enrors may be used then, for exanple, to correct
~he At oD conversion proces% by the neans shown in Figure 3, or by sinpler
means sub as adjusting thejrelative values of positive and negative current
sources by feed~~, g back a control signal. It will be understood by those
skilled in the art that thj~ di gital |nformat|on can be rmdul ated onto the



|

. making an | ~itlal esdmatc:|of offset end slope ctrora in said atodutated

i nformati on synbols; nmking by '~~ theses of possible values of a sequence
of one or nore information symbols within a predefined perd MAREHZ003, i
for cacti of aid hypotheses, using a data symbol sequence associated with
sai d hypotheses to ¢ an inproved estimdbe of offset and stops a.nd storing
the inptnved estinate of offset;) and sl ope agai nst each of said

hypot heseagspsizerregiarehoh $1616i8, units2 g Isia| Howeverppadtiedly nmgossibfe tof f set and
sl ope in cal culating an expected sigl~al value and conputing a rrusnEktch
bet ween Rchbignpleaachfcoggsppnilersgutcarvesn Yiegwatentingenseied by pharge puyps #6;and

sequenti al Ly, - =ddi e.syru t i , L NG S al | .ope
and | o 1%‘ été: Slgésj{?ﬁsat?'g‘éal'%sd ?ﬁ%rﬁta?(z%ﬁg}%%ﬂgaﬁn?ﬁlﬁsm r# Eﬁg#ess&t% orasrﬂda pat h
metri c vaNugpd fizldedfht axisisoschndyizolbesNPN antiPE®@l tdpslangahsistods then sai d
hypot heses based oa sai dﬁlggth metric val ues using t~iterhbi Sequenti al

Maxi m - LPRE itibdiguisde obied a&s%‘&?wﬂb%‘éfégé’f%a%ﬂo‘&ﬁééma'ﬂ%ﬂé‘f"11‘? Rely

hypot hesi P | ~ i i s%migo | i3 hiBaiLed by said
additive @F%%s an %(%S?‘g’ect . '%Elwggl#g?'ho ~ g’?‘g}(\ﬁdﬁglg élccgf*?hhl , réﬁnfelr ein said
si gnal i semiblddl andescomdsporgllig s@psizd tepistat vage V3is addedtdan accemaiding to
claim2 , wherein said digital Information i s rnanchester-code

f r equencyfabigwed bycinepative CuaeRf souEeabeing enabled idqhg value Yii sylyractedc| ai m 2,

Leau O ST e e a2
R L e e A T e
sai d di gi walle it @rr@poriting/sapieilord abltgel witlndtoowiigosthg RialliffB@n&Q SK or

Pi/.4-DQPSK. :~ nmethod 2c riling to claim2 , wherein said digital
i nf or mat | beweeh testharas apdafigeharstoenrrents.c dhys.gafier 2 (pin Af upddowny A A

CACAY. ACAY - -

hon ;A SERERS Abe coRBEYIRRES Aadyls Ao oliagey il dixeree 1 THS) o ca ca)
Clalj ccal 801 B SO 60U (1) 111 1(vcl Gby o] c3atcal cal cof (e cal cal cal ca
ca] ca] ca] Edlovathe 1apyicsiggjad but the accumulator value will diverge by an increasing

o] cal ool cobeRbe Splaal Bl ALl LR ke P00 MARLBPERSESY |
a] ca] ca] ca\lglalhc ThisglroikmRCleqkaa] salvea] mz]walaahea] e MnVKVERNVVEW

WEWKWPW XYYY7Z] i~ " acijjj$hn5gsss| w mhec] W U] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] &8 ¥alpenpcs]ved tyalhe IressP HveatiY e a] ca] ca] ca] ca] ca] ca] ca] ca] ca! sss}}

}céan:%T 52&%3}‘%’%@% éﬂ%f’%@z‘}‘ggﬁgg ggrfpcasfggfcg]asfcgﬂag@g&t&,qgg cal cal

ehw02>Zqx keldtdpensgs o oditdirh th elfhaaddutatjanadjodataevdt sa paeess] ael] matd] ca] cal] ca] ¢
G 1 S A L ISR o

109%vE () - N compensating slope efrors according to the present invention. A number of

selector gates 30,31,...1{2 are connected to select between a first value (considered a
positive value) and a dond value (considered a negative value) according to whether
the sign of the up/dowr% step determined by the delta-modulator’s comparator is +
(up) or - (down). Elch; pair of positive and negative values is stored in a
corresponding pair of rvylgisters or memory positions. A person skilled in the art will

appreciate that the arm'ﬂgemcnt of registers and selectors 30,31,.... 32 can be

conveniently implemented in an integrated circuit by means of a small Random Access
memory or Electronicall y Erasable and Programmable Read Only Memory

(E2PROM) with appropriate addressing arrangements.
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Each register pamand associated selector corresponds to a particular bit in the

stepsize register. In the inor art, a bit in the stepsize register indicated a current

magnitude according to i

significance, the bits being always in the series 1, 1/2, 1/4,
1/8.... relative to each oq'uer. The sign of the current was indicated by the stepsign

bit, so the magnitude indﬂcated by a particular stepsize bit was the same regardless of
sign. The actual positiv J and negative current sources cannot be perfectly matched,
thus giving rise to the slgpe error. In the arrangement illustrated in Figure 3, the
magnitudes stored in the'register pairs are independent for the positive and negative
stepsign. Moreover, the:_-i\/alues associated with different stepsize register bits are not
constrained to bear a pov'(er of two relationship to each other. Rather, each register
may be programmed wi\i a value representing the actual current of the positive or
negative current source at is enabled by a particular bit of the stepsize register.
Thus, when a current solirce or combination of current sources is enabled to increase
or decrease the charge OIT the principal integrator capacitor, the accumulator 38 will
be increased or decreased with an exact corresponding value. This occurs through
each bit that is equal to d binary "1" in a stepsize register 36 enabling an associated
gate 33,34,...35 to pass A selected one of the register values from selector 30,31,...32
through to an adder 37. Thus, the digital values selected to be added in the adder 37
to the accumulator 38 correspond to the analog current source values that are enabled
by stepsize register 36 amd the stepsign bit to sum into the principal integrator

capacitor. Thus, the aca

mulator value will follow more accurately the voltage

changes on the principaliiintegrator capacitor that in turn follow the wanted signal

1

component. The accuragy is optimized by programming values into register/selector

circuits 30,31,...32 that ccurately represent the relative current values of the positive
and negative current soi;ces. This could, for example, be carried out at the
production stage by m s of a calibration procedure in which each current source
was enabled in tumn, ixunent value measured, and a corresponding digital value
stored in memory. A nv'n-volatile memory such as E2PROM is normally provided
attached to the device'sjjnain control microprocessor for storing such factory
calibration values. The $tored values can later be recalled (on power-up, for example)

and downloaded into registers 30,31,...32.

e
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10% 0&' expddtdtio? WA RGO 03REMR dah-bel@éterndided inside the digital signal
processor. The deviation {s expressed as a mean slope or drift over the signal
segment of the I and Q wﬁveforms respectively. It is helpful if in addition the
number of times each curgcnt source was enabled to generate a positive current and
the number of times it geiemted a negative current are determined by logic unit 25

incorporating the inventive arrangement of Figure 3. Denoting the number of times

i
each current source Ii is activated by Ni, then the following equation should hold:
|

NIl + N2. 2 ...... + Nm.ln';]f = difference in signal voltage between beginning and end of

burst.

|
This may not be solvable-To separate the values of Ii after processing only one signal

segment, but after processing approximately m signal segments there are enough
|
|

equations to solve. In practice, the Kalman sequential least squares process is the
preferred approach for upilating the calibration of the Ii values. The Kalman
procedure is a method for|solving in the least squares sense all equations collected to
date, but in an efficient manner that expresses the changes from the previous best

solution in terms of the mpst recently acquired equation coefficients. Thus, the
calibration of the Ii valueqi| can be updated by the Kalman process after processing
each signal segment. [

It may not be necggsary to execute the Kalman procedure so often, as the
calibration of hardwan:jatcd parameters is not expected to change rapidly. It is
possible to accumulate a i‘aumber of the above equations into groups having similar Ni
values and then to proces'f the accumulated groups only occasionally, in order to

COMNSErve Processor power,

For example, if all the equations having N1 as the largest
coefficient are summed irito a group 1, the sum of the N1 coefficients will
increasingly come to dom‘lnate over the sums of the others. Likewise, if all the

equations having N2 as tﬁ}: largest coefficient are summed into a group 2, then the
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irectly or by the sequenﬁal Kalman technique.
An alternative nique for slope compensation is illustrated in Figure 4.

Figure 4 illustrates a pax of I and Q waveforms that are represented by a sequence of
complex number sample: after the digitization process. Initially, it is assumed the I
and Q accumulators wer&yll set to zero just before information bearing signal samples
were received. Since it éould not be known if the received signal plus noise was
indeed zero at the reset ikilstant, the error known as the arbitrary constant of re-

integration is introduced,|which however is now of magnitude no greater than the
wanted signal changes.

Figure 4 illustrates I,Q waveforms having both this constant
offset and a systematic sl pe. The offsets and slopes are independent for the I and Q
waveforms and have to be separately determined. One simple method is to simply fit
the best straight line to tl{lle digitized value sequence of the form Y=aX+b. Curve
fitting techniques are well known in the art. The result of fitting a straight line in the
least squares sense to théll or Q sequence is to yield a value a, for the slope of the I
waveform, b, for the coristant offset of the I waveform and corresponding values for
the Q waveform. Then,.«; e slope and offsets are subtracted from the I and Q
waveforms prior to furthér processing. This simple procedure can suffice in the case
|

where signal segments

e relatively long such that information modulation averages
to zero over the segmentjgand does not cause significant inaccuracy in the
determination of the slo ‘: and offset. In the case where this is not so, the initial
estimates of offset and slppe can be refined during the decoding of digital information
which may represent a digitized voice signal as the information waveform becomes
known and can be subtrq'; ted from the determination of slope and offset. For
decoding digital informa"on by means of a Viterbi equalizer, the refining can be

performed successively after processing each I,Q sample preferably by the technique
known as "Kalman per Viterbi state” as described in U.S. Patent No. 5,136,616 for
updating frequency error iLestimates, in U.S. Patent No. 5,204,878 for channel

estimates and in U.S. Patent Application No. 08/305,651 entitled "Fast Automatic
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incorporated by referenc;

In “per-state Kalthan", a Viterbi sequential maximum likelihood sequence
estimation procedure for-'idecoding data sequences maintains a number of as-yet
unresolved data sequencd hypotheses. Associated with each hypothesis of the data
sequence to date, an estxl ate of the slope and offsets of the 1,Q waveforms can be

made with the effect of f

e hypothesized data sequence removed. For each state, a
path metric is computed% ccording to known Viterbi techniques and indicates the
likelihood of the associat

parameters associated wi

data sequence hypothesis being correct. The collection of
each data sequence hypothesis is known as a "State
Memory". The offset afid slope stored in a particular state is used to predict the next
1,Q value first on the asyumption that the next data bit is a 0 and then on the
assumption that it is a bipary 1. The mismatch between the predicted and actual I,Q
values is computed and #‘dded to the cumulative path metric to obtain new path
metrics. In this way, th"qi: number of states is first doubled, but then may be halved by

selecting to retain only the best of the pairs of states agreeing in all but their oldest

bits. The retained state§ comprise data sequence hypotheses that have been extended
by one data symbol, and| the estimates of the slope and offset in each state may now
be updated on the assumrtion that the new symbol that has just been added to each
extended data sequence ils true. Finally, the state having the lowest path metric is
selected to give the decaded data sequence that is most likely to be true, and the
associated 1,Q slopes an offsets are the best estimates of same with that data
sequence having been sJ%ciﬁcally accounted for. The slope errors may be used then,
for example, to correct the AtoD conversion process by the means shown in Figure 3,
or by simpler means su¢h as adjusting the relative values of positive and negative
current sources by feedipg back a control signal. It will be understood by those
skilled in the art that thi: digital information can be modulated onto the radio input
signal using a variety oﬁ techniques. For example, the digital information can be
modulated using manchester-code frequency modulation, Gaussian Minimum Shift

Keying, DQPSK and Pil4-DQPSK.
|

|
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The improvementto zero-IF receivers described above and comprising

correction of both offset ‘and slope compensation of 1,Q waveforms is not meant to be
limiting but rather exemgpijary, and a person skilled in the art will be able to suggest
other means of implemeriLing slope compensation that nevertheless are considered to
fall within the spirit of thL: invention as set out in the following claims. The scope of
the invention is indicated|by the appended claims rather than the foregoing
description, and all changes which come within the meaning and range of equivalents
thereof are intended to bé embraced therein.
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1.. . A method fgr processing & signal modulated with information symbols to
eccount for an additive offset and slope in said signal, comprisiog:
making an Ipitlal csdmate of offset end slope crrors in said modulated
information. symbols;
' making hypdtheses of possible values of a sequence of one or more
inforration symbols withis|a predefined period of time;
for each of paid hypotheses, using @ data symbol sequence associated
with said hypotheses to fnake an improved cstimate of offset and slope and storing the
improved estimate of offset| and slope against each of said hypothescs;

for each hyqothcsls, using said improved cstimate of offset and slope in

celculating an cxpected 5ig$al value and computing a mismatch between a samplé of said
modulated signal and said ebzpcctcd value;

sequentially #ddmg onc symbol to said hypotheses, updating said slope and

oiisct cstimates end aocumulalmg said mismztches to form a path metric valus fo: cach

extended hypothesis; and |

selecting between said hypotheses based on said path metric values using a

Viterbi Sequential Maximum Likelibood Sequence Estimation process to produce a miost

likely hypothesis of moduh’&itcd information symbols which arc unimpaired by said additive

slope and offset.

2. A method decording to claim 1, whereln said signal is modulated widh

digital information.

3. A mcthod accordmg to claim 2, wherein said digital mformatton is

manchester-code frequencyimodulated on to said sigoal,

1. A mcthod auﬁording toclaim 2, whercin said digital information is modulated
on to said signal using Gaussian Minimurn Shift Keying.

S. A mecthod aci: ording to cleim 2, whercin said digital information is modulated
on 10 said signal using DQPSK or Pi/4-DQPSK.

6. A method 2ctording to claim 2 , whzccin said digitel information represzats

& diginzed voice signal. |




