; e3en&k" " #3$L% n&6&T&IV; ~1 CARRI ER RECOVERY APPARATUS OF
BROADCASTI NG RECEI VER USI NG TWO (2) PILOT SI GNALS BACK mw ﬂwﬂ
INVENTION 5 1. Field of the Invention The present invention genera

relates to an apparatus and nethod for recover the carrier at &¥éceiver of

a digital breadaa®ii RECOAIETAPRARAPUS OFHIGIGWIABROADEASEING RECIIVER
carrier recovery apparahls and nethod capabl e of conpensating for a

frequency offset and phase of f{gg ! ich were occurred
during a tuning, based on a pilot Cﬁ)‘ﬁgjﬁ@? Pgﬁ%%ﬁ?%&fnm uded in a
broadcasting signal in the process of recovering the digital broadcasting
si gnal nodul A 1!.0 estl Qi.a 1iband (VSB) nodul ation. 2. Description
SYLUVID! - e Htoadtast i ng si gnal transni ssion system

i ncludes a vestigial, sideband 15 VSB nodul ati on and a coded orthogonal
frequency di vi si on HeIFOf fedXieAYP COFDM) nodul ation. The VSB nodul ati on
transmts the broadcasting signal at a single carrier. The COFDM nodul ation
transmts the brdheemst Hyerfiogreancraliyrielatsh than apparetyd aitemethipd for gicoves ithsn

mul tipl exi ng of the broadcasting signal. The VSB nodul ation is the

US- ori ent ed ddirgr tiad re¢micadtagdigital rayetsdng sysihincimdirgora gapit@erly, if relhies tount ri es

| i ke Korea and U.S. A, The COFDM 20 nodul ation is Europe-oriented digital

br oadcast i ngasies teeoverfapparafusiasd methbd cdpablic @f campeakroing fig adre{@icy effeit wel as an
exenpl ary of a conventional digital broadcasting receiver. The VSB receiver
i ncl udes a tghagroffkd:, of theSodfifed Gehi ACO#SE bEirredVayihg(aSMIYY, bhéddtoara plids toAdof a
internmedi ate frequency (IF) anplifying unit 16, an anal og-to-digital

convertefy (ARG inll%ge(ﬁ'ﬂ albh8248RRAY LA indle pRcdtBbLRES efihd the Wighdl bréndiskiAg

renoving unit 24,
signal modulated by the vestigial sideband (VSB) modulation,

2. Description of the Prior Art
Generally, the broadcasting signal transmission system includes a vestigial sideband
15 VSB modulation and a coded orthogonal frequency division multiplexing (COFDM)
modulation. The VSB modulation transmits the broadcasting signal at a single carrier. The
COFDM modulation transmits the broadcasting signal through multi-channel with division
multiplexing of the broadcasting signal. The VSB modulation is the US-oriented digital
broadcasting system, which is adopted in the countries like Korea and U.S.A. The COFDM
20 modulation is Europe-oriented digital broadcasting system.
FIG. 1 is a block diagram showing a VSB receiver as an exemplary of a conventional
digital broadcasting receiver. The VSB receiver includes a tuner 12, a surface acoustic wave

(SAW) filter 14, an intermediate frequency (IF) amplifying unit 16, an analog-to-digital

IR
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down-sanpling unit 26 and an equalizing unit 28. The tuner 12 tunes the
received digital broadcasting signal at an antenna 10 to a correspondi ng
band according to an input tuning command. The SAWfilter 14 filters the

di gital broadcasting signal of a tuned band into a predeterm ned

i ntermedi ate FI%% [ [+t RAUSHR)

anpl i fying u%?%g%%?gﬁgPé$fés g”ﬁ%g?%SE&%%§§ ggé?i%%ﬁglgnaﬁm%#ﬁ?ﬁgl
intermediate,freguenc “%#E%aé&ﬁ$% qg%ﬁutnﬂﬁgn1the SAWfilter 14 into

i nternedi ate ?Téﬁu e : e TADE 8" "Cofivent s the internediate frequency
(I'F) anplified digital oadcasting si.gn into. digital signal. The I/Q
separator 20 sepa &ﬂ@%ﬂ?@@nﬁ?§FF§P%T8&3W33883§¥WH§9 agﬁépa%ﬁWBlgﬁanphase
channel signal (hereinbelow called |-signal) and a quadrature signa
( her ei nbel owe@spaadingbandgeapilingthan npetdraee ¢qnumpand. The PAW Bltey ltddiersithaang Q
signals to have a sinusoidal characteristic agreed at the tine of
transnission&gmﬁéﬂmﬁuﬁﬁM¥%ﬂﬁWbﬁgﬂmﬁﬂanhmr@mﬁgégnﬁmﬁimﬂmmmﬂﬂﬁWWWME(HU
filtered | and Q signals. The do.msanpling unit 26 reduces the size of the
pi | ot - r enoveband. &hdin@rekdinalfieqanco(l) amgpliftnaupt Bdet@ifies the digltal maddaastind he
equalizing unit 28 conpensates for a distortion of the dowm-sanpled | and Q

si gnal s, whi gipndnasthe asihedidicifiRqtidhey {IF s a6 uofom MeanWifile; 14 i
conventional VSB receiver includes a sanpling conpensate unit 30 for

conpensat i ngirk@mediie iRhice6F (1PL Che AL URIEdRE S theini@HOMBE YreQlentPCR) A8 4ified
di gital broadcasting signal and a frequency/phase synchroni zing unit 40

The sanpl i ngqiRIMERERLEn My b B AQERANTAL PO sE0kud 0isEhAde ol lAll on that

has occurred during e sanpling of t The frequency/ phase

synchr onjgi ngrggﬁga%tin%t%i%glglm?t%Qﬁ%d)%%efc?%nélte?ﬁ%r%l[ 61%%%@}6@@%@2&@%8%3 et that

has occurred during urning o I'ock di agram

showi ng the. frequency/ phas nchroni zi n it 4 F 2 i n.greater
detal 10 The FHEETLRSEVO RARIRINERIEARLFERL It Pabie it afhngs el abf oSl pacs
filter {LPF} 42, Qaoulo [raguency. sontrol LW Rass fhbbelol AR RD 44 @

removing unit 24 removes the pilot from the filtered I and Q signals. The down-sampling
unit 26 reduces the size of the pilot-removed I and Q signals according to a predetermined

15  value. The equalizing unit 28 compensates for a distortion of the down-sampled I and Q
signals, which has occurred in the transmission.

Meanwhile, the conventional VSB receiver includes a sampling compensate unit 30
for compensating for the offset occurred during the recovery of received digital broadcasting
signal and a frequency/phase synchronizing unit 40. The sampling compensate unit 30

20  compensates for a timing distortion that has occurred during the sampling of the ADC 18.
The frequency/phase synchronizing unit 40 compensates for the frequency and phase offset
that has occurred during the turning of the tuner 12.

FIG. 2 is a block diagram showing the frequency/phase synchronizing unit 40 of FIG.



48, a nultiplier 50, an auto phase control |ow pass filter {APC LPF) 52,

and a voltage controlled oscillator {VCO 54. The first LPF 42 filters the
pilot tone of I-signal in base band. The AFC-LPF 44 cal cul ates a frequency
difference of the pilot tone for I-signal. The linmter 46 generates pul se

waves corres at i L il
AFC 1, PR 41T gs{grc%%‘ o eﬁ ‘Eﬁé’éges%ﬁg&%iﬂf'%{nggg)n'g Hpdett ﬁf%?%‘f*? Mbase

band. The nul.t | ti the | ter
46 by the QL I! analguilfn“q' Qe C(’t)l Ieol SOév ag%ﬁlf‘ﬁﬁx@%%?ﬁﬁ %El%bg(ﬂgﬁquﬁd Uﬂ:
cal cul at es a has f rence of the pilot taqpe f nal,. The VCO 54

e ol ot hadbdatuglise ofi i a&%ﬂﬁ’l@ﬁé{)@fﬁ.‘%@ﬁ'ﬁ?B@}éﬁ%&&@%@éava 6T i ng to

whi ch the frequenc dlfference and phase difference of the pilot tone are
conpensat ed fOHOllghessglatoréCebitvent i onal digital broadcasting receiver

estimates the frequency offset and phase offset for the subcarrier through
the | and’Q si gnalle fasid - Idotfdissetherildt gmeohbsigel imeasebants To¢ ASEtLPFA{d
supplies a predeterm ned | evel of voltage to the tuner 12 for the turning.
Accor di ngl y, cdlbgatés eleipacy difdrget obthd pitiase fof f Sgtal. oFhetlingtec 46 pénerates pulse
occurring during the tuning of the tuner 12, can be conpensated. Such

caw er recovehvessofitpbaiingisithgdiffienceofpidsitiorvatpuf freguienEyCPREIE. The second
synchroni zing 11111t 40 uses one pilot tone for each signal. Accordingly,

in the even thpugtikerspiel ot foROifdr (Ssigfd] HATRIRED. TREMEEPLrSD nhSMESTHY padal ity
at the conventional digital broadcasting receiver severely deteriorates.

General |y, t %vés%ﬁfp‘ﬁﬁfrédq%e NRYEL 45 hans M. §1§ha@ Butﬁﬂ@f?ﬁ?ﬁlbc%@d&n@ﬁPﬁ@RjeTﬁ@AP@I 0
charmer of multipath; and in this Ccase, frequency response of

cham el ggnt Ebﬁ%z% h%s Eﬁ@@n&rb'f}’he%”ﬁt‘a ﬁo%{" al. STHIARRG 34 Ldy L~ g in
?r % pi 1 ot E% ﬁ

t he sane equency tone OES e pilot ton

digi tal broadeastin SI \ | Y, dama t he
exact recove?y o# cart ga&emn"egﬁ “Fe Ofe‘oyte% 91% %Vh&?—ef%qﬁ F%@Eﬁlﬁ

Accor di ngl f.th r n nvention rovi rrier
r gggvgr yg Y, an& phase c? &er?:r?c!e oﬂhe%llo% toge re %gn?petnsated f%r ‘Eum%g to provide a ca €

The conventional digital broadcasting receiver estimates the frequency offset and
phase offset for the subcarrier through the I and Q signals and compensates for the estimated
15  offset, and supplies a predetermined level of voltage to the tuner 12 for the turning.
Accordingly, the frequency offset and phase offset of the carrier, occurring during the tuning
of the tuner 12, can be compensated.
Such carrier recovery method using the conventional frequency/phase synchronizing
unit 40 uses one pilot tone for each signal. Accordingly, in the even that the pilot tone is
20  damaged, the carrier recovery quality at the conventional digital broadcasting receiver
severely deteriorates. Generally, the terrestrial wave transmission channel can be modeled
into channel of multipath, and in this case, the frequency response of the channel contains

many nulls. Even only one of the nulls happen to exist in the same frequency band as the



apparatus for a digital broadcasting receiver and a nethod thereof, capable
of recovering the carrier of the received digital broadcasting signal nore
reliably in consideration of the danage to the pilot tone. Another object

of the present invention is to provide a carrier recovery apparatus of a 10

di gi tal broaggaséicnBed, @Rgliveionasthadigribaddiheseoinal Bapablledaiage@cower i ng
the carrier even when the pilot tone is damaged. 15 BRI EF DESCRI PTI ON OF

THE DRAW NGS e, ,8hRVHe BS?&@HeQ&%S aRieet caang vklgpdgat ure of the present
invention wll g nore apparent "by describing the preferred enbodi nent of

t he present invention by referrlng to the appended drawi ng, in which: FIG
1 is a block diagram of a conventional digital broadcasting receiver; 20
FIG 2 is a blo A cy/ phase synchronizing unit of FIG 1
in greater detaéﬁNgéggg%QJ Eiq&ﬁg%iﬁglagranlof a digital broadcasting
recei ver and a carrler recovery ratus according to, a preferred

enmbodi ment of t he/proadingly. ! Iﬁ@’éHlPJF‘gr?? p‘es?i}t@Veﬂ“‘instgﬁlodf%@lga’aieé&f:%mhovm ng
the first and second frequency offset estimating units of FIG 3 in greater
detail; FIG agaratus fgr 3/ digipl Dresdrastng ieesiver pad a medadidstspt. sprableiohigecaviring die FI G
41in greater detail; FIG SBis a view show ng the second frequency

shi fting uni targér (I reckived digiteblpreadeBstide sighdl mde¢ Glialgy irscoasib¢raiedn afitegr am of

t he phase offset estimating unit of FIG 3 in greater detail; FIG 7 is a
fl owmchart shdwhag tattepilbodnd.or recoveri ng cawi er using a carrier recovery
apparatus of a digital broadcasting receiver according to the preferred
enbodi ment of t heAnother object of the present invention is to provide a carrier recovery apparatus of a

10 digital broadcasting receiver and a method thereof, capable of recovering the carrier even

when the pilot tone is damaged.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned object and the feature of the present invention will be more
apparent by describing the preferred embodiment of the present invention by referring to the
appended drawing, in which:

FIG. 1 is a block diagram of a conventional digital broadcasting receiver;

20 FIG. 2 is a block diagram of a frequency/phase synchronizing unit of FIG. 1 in
greater detail,

FIG. 3 is a block diagram of a digital broadcasting receiver and a carrier recovery

apparatus according to a preferred embodiment of the present invention;



10 present invention; FIG 8 is a flowhart showing in detail the frequency
offset estimating step of FIG 7; FIG 9 is a flowhart showi ng in detai
the frequency shifting step of FIG 8; and FIG 10 is a flowhart show ng
in detail the phase offset estimating step of FIG 7. 15 DETAILED

DESCRI PTI ON OF  THE1&REE ERREREMBILNEINE déef.8i Malki@hd nthRndy Sker Jsﬁgxating

enbodi nent of the present invention wll be described in greater detai

with referen t : {.ng drawings. FIG 3 is a block diagramof a
caz-~rier recg@gfgpgggéggﬁggpggxg di gital broadcasting signal and a digital

broadcasting receiyer. ,accordi to the present inventio he. digital .20

br oadcast i ng .receﬁ(g'rs_ A ﬁ@lvﬂfdvesrshgg”W&eeﬁlsg"rfe,qugmg ﬁb‘?tér@eungpog&(t{i@n\ﬁé%&r ?‘gﬂ\%\j
fllter_641 a !nte% .dlatelkﬂﬁ;ueqéy (&F)d%npllfqu Hunht ?9 _anl .

anal og- t o- di gi t al FE&mbel fatew Aprineghe scaond yeg ey ShRgrnE ol Fo- ek 88 1 | t er
72, a pilot renpving unit 74, a down-sanpling unit 76, an equalizing unit
78, a sanpl i #Yaibonpensate unit 80 and a carrier recovery apparatus |00. 5
The tuner 62 tunes the received digital broadcasting signal at the antema
60 to a cowespondiFig tiandlak deegrimy thephase aifsermytimatimeaic ! Fihe? igAwafe | t er 64
filters the digital broadcasting signal of tuned band to a predeterm ned
intFrPEQiateda?e%gencyl(LF) b?Rd.dThgtiPtgrnegiat?.freqyencr {IF)
anplifying uni anplifies e digital broadcasting signal in

i nternmedi ate frequeBCyis alfbyvchantlo@ihgpuhethddrdt teb® eBAYdriititiging @4atiei Rcovery
internedi ate frequency. The ADC 68 converts the internediate frequency
anpl|fled gb%ﬁh&thFQ%Qﬁﬁﬁ&gﬂwmfhgﬂ%&v&g&&n?hgkhﬁ&p&ﬁ?@éh?&o%hﬁmgkgm
separ at or separ at es e digital broadcasting signal into | an
signals,15esg§%%§%g1¥mnThe mat ched filter 72 filters the I and Qsignals to
have a sinusoidal characteristic agreed at the tine of transmitting. The
pil ot renoving unit 74 1 \ - Pl . for hef 1 LL: ,
signals. The domm??%éﬁfFzggﬁﬁﬁﬁﬁggngé%g%gggfﬁggg%%%g%ekgﬁgﬁ%ﬁ%%ggggﬁgaéd I
and Q si gnal's. " the, SAYal 2% HBling TS ATRERRALSS, [i%%ink By G AICOBLLA" ©f

FIG. 10 is a flowchart showing in detail the phase offset estimating step of FIG. 7.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, the preferred embodiment of the present invention will be described in
greater detail with reference to the accompanying drawings.
FIG. 3 is a block diagram of a carrier recovery apparatus of a digital broadcasting
signal and a digital broadcasting receiver according to the present invention. The digital
20  broadcasting receiver includes a tuner 62, a surface acoustic wave (SAW) filter 64, a
intermediate frequency (IF) amplifying unit 66, an analog-to-digital converter (ADC) 68, an
1/Q separator 70, a matched filter 72, a pilot removing unit 74, a down-sampling unit 76, an

equalizing unit 78, a sampling compensate unit 80 and a carrier recovery apparatus 100.



sanpled | and Q signals that has occurred during the transm ssion. The
sanpliing conpensate unit 80 conpensates for the timng distortion that has
occurred during the sanpling of the ADC 68. The caw er recovery apparatus
100 15 conpensates for the frequency of fset and phase offset occurring

during the tuning 19t niBfet MAG thERceit d?@%aﬂgr\?\%n%bﬁstﬁxig%%al%?me%@ doplahe

synbol of the digital broadcasting signal. I s enbodi nent, the frequency

of fset and the. f t t ' ne-fe [ t.he two
(2 pi 1ot ¢ or St el Kep g BF (B coime ThES AR sl aiybie
recovery apparatus. 100 ingl ud a first, frequen of.fset 20 esti.mati uni t
150 Secondronatibmape b b Salt e Mok St Tonbpr Tl Tt oo, a
phase offset estinmating unit 170 and a voltage-caontralled oscillator (VCO
180. The fir dterpedigisdisayenes fERMRALYIngHRf %aluﬁiﬁes fealigiet prradeagingsigntlidquency
offset of the carrier by using the | and Q signals of the first pilot tone.
The second f Heymediely fisfifaney (1B) band outiphialiiom hefifi W ftgoodintd ingtrasliath Bedueatyuency
of fset of the carrier by using the | and Q signals of second pilot tone.
The conbi ni nghaADC 4360neaisthaiesdigaté frequanrycynplifitd diggalbesydensting/ggnal into
estimated by the first and the second frequency offset estimating units
120, 140 w t Bigitelspeelks. The VQaec@edion MWrsepalites thh digalbkdasdiedstigsdigmbintegandr t | 70
estimates the phase offset of the carrier based on the conbi ned val ue of

the respecti vigndl§ egpeneyy oThsahshaifiltdh @2 6REDHRITAG] ORidnalt 6havE AQInMEIRIal 80
provi des the tuner 62 with a predeterm ned | evel of voltage, according to

which the freguensiioidsata MRYntnNE 1BRRSRing OThSilot Mmdvile RAMI&hoRE Bhe pilot
conpensated and tuned. By estimating the Frequency of fset of the carrier

based on f]bhefrt)}fm%l il QLI ﬂd@géﬁ%@ﬁ%{e dL&nQ!tﬂﬁ%lﬁgmﬂ'%r desGRE LT A dhifohe

phase offset o e carrier by conbining stimated 10 val ues, e error
L2t O o RRERYofle 2 J08.TATAAEPhblyEel S LA e douy o
di agram show,ng, LI i §Ln-AN0a38e 00 1] RONS N Al 38, ot ! mati ng
The sampling compensate unit 80 compensates for the timing distortion that has
occurred during the sampling of the ADC 68. The carrier recovery apparatus 100
15 compensates for the frequency offset and phase offset occurring during the tuning of the tuner
62, by using the pilot contained in the symbol of the digital broadcasting signal. In this
embodiment, the frequency offset and the phase offset of the carrier are recovered by using
the two (2) pilot tones with respect to one symbol.
As shown, the carrier recovery apparatus 100 includes a first frequency offset
20  estimating unit 120, a second frequency offset estimating unit 140, a combining unit 160, a
phase offset estimating unit 170 and a voltage-controlled oscillator (VCO) 180.

The first frequency offset estimating unit 120 estimates the frequency offset of the

carrier by using the I and Q signals of the first pilot tone. The second frequency offset



units 120, 140 of FIG 3 in greater detail. The first frequency offset
estimating unit 120 includes a first frequency shifting unit 15 121, a
first low pass filter (LPF) 123, a first auto frequency control |ow pass
filter (AFC-LPF) 125, a first limter 127 and a first nmultiplier 129. The

first fr eque@s%[na%né futu{ ﬂﬁﬂ) ééﬂ'ngtesll%lz félﬂlem)sof?slgfeoffﬂ'lé’ c?thw?b%%mé 20 2 Qts%ﬁalg ‘r’]\’o

pilot tones in the Q signals output fromthe separat or

base band. T [ pi | ot
tone out put Pfsg%é%dﬁ»‘bﬁ R e S TR D
AFC-LPF |25 filt t he. ban t irst Iot tope to t he
frequency i FrEvEHcs By o3 i ducrbrritirate e b orerde Ui 12hd e pey
pilot tone. The first |imter 127 generates pul se waves cowesponding to the
frequency of fostBe captgtud hpphass @ff%?é?%ﬂrr@?mg wasEY eé‘hm%fﬁ%th? Pergaety bt fefence
calculated fromthe first AFC-LPF 125. The first multiplier 129 nultiplies
the 7  pll sbaspdhoeticgambingd edud ofdla respscthvierlpguincypiizcts at fie chpbiniig wnitdibgnal
having the first pilot tone that is filtered at the fast LPF | 23. The
second frequéhecyCoX 88 erovadss ihertnien 2 with & pledeteinmo¢dides ohvabggndeokdfz 1043, a
second AFC-LPF 145, a first limter 147 and a first multiplier 149. The
second frequehiy tiof ftg@énch offsdt hndbihe phastl biftet dfille pefiéraiadonigeasas@dnmd pmed.ess as
the first frequency offset estimating unit |20 does, using the second pil ot

tone of the two plﬂw&tlﬁlan@shecmharw@@sétrafﬂlhearhelamde&xﬁmgnai SiloRl frtesfeeom
the I/ Q separator 70. The conbining unit |I GO conbines the nultiples from

the first ang seconehimichihiingdhdihicorlsdhr iASmlPoL bt ftiimagnbi ned

val ue of the frequency offsets of the carriers SA"is a view

showi ng tfie {ijn&at i LEGUEAGY cahlf ruo@g%lam Lo, tfh@han®d ﬁﬁc% ble@icEat er detail,

and FIG SBis a view s OWIn the s ondfreuecys ting unit 141 of
et S L LI o o 21l udes
mil tiplying unit H(’} ZP 1s a-gpook dlagrsa}n s'l\llowmg%he f’larst and second frequency offset estimating

units 120, 140 of FIG. 3 in greater detail.

The first frequency offset estimating unit 120 includes a first frequency shifting unit

15 121, a first low pass filter (LPF) 123, a first auto frequency control low pass filter (AFC-LPF)
125, a first limiter 127 and a first multiplier 129.

The first frequency shifting unit 121 shifts the first pilot tone of the two pilot tones in
the I and Q signals output from the I/Q separator 121 in base band. The first LPF 123 filters
the frequency band of the first pilot tone output from the first frequency shifting unit 121. The

20  first AFC-LPF 125 filters the band of the first pilot tone to calculate the frequency difference
of a predetermined reference signal and the first pilot tone. The first limiter 127 generates
pulse waves corresponding to the frequency offset value of the carrier, based on the frequency

difference calculated from the first AFC-LPF 125. The first multiplier 129 multiplies the



cal cul ates the frequency value for shifting the first pilot tone of I and Q
signals to the base 15 band. The first conplex nmtiplying unit 121 b
conplex-multiplies the I and Q signals output fromthe Il Q separator 70 by
t he frequency values calculated by the first NCO 121 a to shift the first
pilot tone t JE [RAN HRk al S a
Cecond numer fay T4y 2c by s 2ar BERRF HREOHAN A by HEl kb iGhotH

conpl ex-nmul t] i ni.t The second NCO 14| a cal cul ates the
frequency va13311é%’fe§%ttg‘ﬁihfsttfl“ﬁ%?%e second pilot tones of the 20 | and Q

signals to the base band, The second conpl ex- tiplying uni b conpl ex
muil'tiplies the | iﬁase@o@ %&F@@S@tﬁéﬂmﬁa%ﬁ% e Froad LBF 4L e nat e
by the second NCO 141 a, to shift the second pilot tone to the base band.
FIG 6 is a BFedPTditagr Bt il g ancdelishayleptisrtdat Thesteradtiicapenanpiiset 70 of
FIG 3in 8 greater detail. The phase offset estimating unit 170 i ncl udes
a | oop fift eestilafingmmt B paR@NisRRe ST, pradess ds dheefivht freiqagncy Fifset pdtimatisg tiie

conbi ned value fromthe conmbining unit 160 so that the conbi ned val ue can
mai ntai n a siXubkes,daing getstemnn pilditencAlPGid tRie pilddtorstcomaihesintthel phasdgold set
value of the carrier by calculating the phase difference of the conbined
val ue out put oftpamcii@e I/Qaspdritbt B, 172 and a predeterm ned reference signal.
The VCO 180 oscillates a predeterm ned | evel of voltage for conpensating

for the frequency 1 Esfbiniae Wik DEFcIMbidel eheGRITRHIB] e Ui tlrst hEPsRBEH &hlﬁplyin_;o

estimated phase offset estimated by the phase offset estimating unit

and provide Erﬂﬁ 159',”1%? t@&léﬁﬁ%ﬁ%%%@m&h@cﬂﬁa?@e{ 'tlﬁ'l:ef‘iieqhéﬁéfloft@ts é/fQﬂlécadg‘?eir%lo

According to the preferre I ment e present | nvention. e digital

br oadcasjyng i el RIS ShobAk rtg&fl{%ia t?é%%?n?cﬁ%ﬁi%in “unh*l?}a ‘éf@;ﬂ;‘.’ﬁé”rf%raﬁ%r&;et

and the phase off the carri as estinma

SR AL e I RE L N I e
recovery usi gr .atgrhtﬁeta(i\'l?r"l‘rhie %rrst frequency shifting unit 121 includes a first numerically-controlled
oscillator (NCO) 121a and a first complex multiplying unit 121b. The first NCO 121a
calculates the frequency value for shifting the first pilot tone of I and Q signals to the base
15  band. The first complex multiplying unit 121b complex-multiplies the I and Q signals output
from the I/Q separator 70 by the frequency values calculated by the first NCO 121a to shift
the first pilot tone to base band. The second frequency shifting unit 141 includes a second
numerically-controlled oscillator (NCO) 141a and a second complex-multiplying unit 141b.
The second NCO 141a calculates the frequency value for shifting the second pilot tones of the
20 Tand Q signals to the base band. The second complex-multiplying unit 141b complex-
multiplies the I and Q signals by the frequency values that are calculated by the second NCO

141a, to shift the second pilot tone to the base band.

FIG. 6 is a block diagram showing the phase offset estimating unit 170 of FIG. 3 in



15 recovery apparatus of the digital broadcasting receiver according to the
preferred enbodi nent of the present invention. First, the first frequency
of fset estimating nmut 120 and the second frequency of fset estimating unit
140 estimate the frequency offset of the carrier of the digital

broadcast i Ngg&h@NdhaiPYThd $hatd ofhe edtidhtiRi Lt $70ciaflhdisReshy Mtk 182 AndaRd 12
signal s (step S 100). The conbining unit 160 conbi nes the frequency offsets

that are esttﬁp?%i %1 Ztgﬁglettﬁs ﬁl@tﬂgthi%@& e B BREYmBhb tm]tEt%E)E

units 120, 140 (step ase o set estimating unit

the phase d' f ernetg%gd \aaqttle ca ﬁma‘tn@ann% sialltusg) an i%at%nalﬁttehe COE%II Pﬁ{ ma es rﬂefggse

ref erence si gna n| n

estimates the, phase offset .o e garrlern d on ted resul t
(Step 300y SR S rho it paruE s o ol Bfieaih B Hda bt Abr Cubt age
for conpensating for the frequency offset of the carrier conbined at the
conbi ni ng® unﬁ?m%@DMQMHH@H825Wh%@@ sravtedaefeienserignaht t he phase of f set
estimating LIt 170, and provides the tllller 62 with the predeterm ned

| evel of voltage @@@&ﬁoskﬁ@wwlllge%plﬁwrmwemlwl plsvotegedoerontbensptingior thwe of
the two pilots to estimate the frequency offset and the phase offset, the
carrier can ﬁenmeqoﬂécemnmewﬁbbﬂypomb@h@MMéd60hsimbgﬁhmﬁahmmaﬂﬁ&sﬁing
signal is transmitted to a dynam c channel that changes by tinme. FIG 8 is
a flowhart shiawiedthyttiephaseadisernsymeatifgamit 188 tandptdvivg (b eper$21@hthd FIG 7 in
greater detail. First, the first and the second frequency offset estimating
units |20, 1€ d&&intineliQedeher Jolthgd, and second pilot tones of the two pilots
to the base band (step S 110). The first and second LPFs 123, 143 perform

the low pgss fil t@(cb&ﬁmg@&th@%&?érﬂ:g efnlﬂgdlf'ﬂeﬁtséf R hEn RGO thelifin tones of
the | and Q signals output fromthe first and second frequency shifting

uni ts 121, 16110%&0%3’(;&%656[\%9 EQGYs tgéa&q?e(r§h£9<% é‘}t%gh'e (fﬁb;eotffée{ Ald. tFQ@\ﬁ@&%@

AFC- LPFs 125 ter t e ban Irst second pi tones
passed thr Oug{' hE Qa%rlgljs E it %Qs esﬁ %gt%? g¥ Is‘sl:l)rltz%t\%) p:?lotsl%)’ COI'E]TPIB%’ he cr!trﬁ%'ts%%rﬁf the

frequency ditference second PEREEUAS

at es

recovered reliably even when the pilot is damaged.
FIG. 7 is a flowchart showing the method of carrier recovery using the carrier
15  recovery apparatus of the digital broadcasting receiver according to the preferred embodiment
of the present invention. First, the first frequency offset estimating unit 120 and the second
frequency offset estimating unit 140 estimate the frequency offset of the carrier of the digital
broadcasting signal by using the two pilots contained in the [ and Q signals (step S100). The
combining unit 160 combines the frequency offsets that are estimated by the first and second
20  frequency offset estimating units 120, 140 (step S200). The phase offset estimating unit 170
calculates the phase difference between the I and Q signals and the predetermined reference
signal based on the combined value of the combining unit 160, and estimates the phase offset

of the carrier based on such calculated result (step S300). The VCO 180 oscillates a



predeterm ned reference signal (step S 130). The first and second limters
127, 147 generate pul se waves corresponding to the frequency offset val ue
of the carrier based on the frequency differences output fromthe first and
second AFC-LPFs 125, |45, respectively (step S 140). The first and second

mul ti plying #@&ettém%%g 1eviPASt vaWhdel B dﬁnﬂ@ﬁsa@lggfogﬂ@lﬁ%qﬁé?l@;' 8iredk POmL Bgyifd rst and
20 second filtered pilot tones fromthe first and second LPFs 123, 143, by

t he correspo ond
[imiters | 27&%‘3”%61?*”{’1%%09@%%)“% AL B B O gl £ A8 oSS

mul ti plying un|t 129 prov S the inin ]

Tl 1 b o (e Eneriey 170 B ARE TG (o g \x}&%%??e‘f‘%wakx%ﬁegewftevo}t?%ﬁf}a%cy
shifting steg % 110 of FIG. 8 in greater detail. First, the first and
second NCos 1¥%-a and 141 a calculate the frequency value for shifting the
pilot tones of the | and Q signals to the base band (step S 112).
Accordingly, the. Aditliesprrighis re@yeid) bﬁ\*’rﬂ)‘ﬁ%@(ﬁhﬁl“ﬁIbllopﬁtﬁasqﬁlffﬁtft the frpayency 4 b
performthe nultiplication of the | and Q signals based on the multiples
cal cul at ed b¢ffsehandfthe Braseelthes HooadieNG@delrgxbvercdredably,leven vheretpe digitalq) |
Accordingly, the carrier of the digital broadcasting signal is shifted.
FIG 10 is abrbhdoastinguigsdidnirangmitied tgphdgenid fimetcl st cinmgdsibg tisteep S300 of FI G
7 in greater detail. First, the loop filter 172 filters the conbi ned val ue

from the conbi ni nGIGIBiit a 6RcISS: shing tHrefr@Qerly Rkt ¢alntring alap BBO0GIIIOC. T e
si nusoi dal characteristic (step S320). The 10 APC-LPF | 74 cal cul ates the

phase differgage RetWeas, thbeird afPtht kddogd ﬁ@lqlfé@mffse[cksmbm% viel 120)€40 shift
predeternined reference signal, to estinate the phase offset of the carrier

(step S349) . OEeRLH R pllhhﬁnéég@tﬂeﬁ%%ﬁﬁﬂs kd t%% %§setb|3§d f3le ?%ﬁﬁ@)f Pk heyel of

vol tage for conpensating for the frequency offset fromthe conbining unit
and provi des rRE (aRdE Eégﬁﬂf%‘ﬁgb?yp%?ﬁ%%{?%?ﬁ e B e tglfblo
the tuo pi 1 obe® TG 08N BAFRRubLL TS RLph G aRob B aleF ol R FELGY g
to the frequency band (step S120). The first and second AFC-LPFs 125, 145 filter the bands
of the first and second pilot tones passed through the first and second LPFs 123, 143, to
15  calculate the frequency difference between the first and second pilot tones and the
predetermined reference signal (step S130). The first and second limiters 127, 147 generate
pulse waves corresponding to the frequency offset value of the carrier based on the frequency
differences output from the first and second AFC-LPFs 125, 145, respectively (step S140).
The first and second multiplying units 129, 149 multiply the Q signals containing the first and
20  second filtered pilot tones from the first and second LPFs 123, 143, by the corresponding
pulse waves generated from the first and the second limiters 127, 147 (step S150).
Accordingly, the first and second multiplying units 129, 147 provides the combining unit 160

with the multiples (step S160).
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the carrier, the carrier can be recovered reliably even when the pilot is
damaged. According to the present invention, as the frequency offset and
t he phase offset are estinmated and recovered by using the two pilots, the
carrier can be reliably recovered even 20 when the pilot is danaged due to

variation of chanpgh ¢y 0%5@(@110\\/@#&\4”%@1 dlﬂ,? sﬂl@tﬂx#%‘%’eré)rg 186 of BId. g(}l%l%gtgld by

using the two pilots, the carrier dth a ca recovere

accurately. ﬁ‘étglﬁ]oﬁgj? tﬁ:{]ﬁlstpgnﬁf ?cl%n%e oA ?a %n gtl%ca?%uhog ﬁw?{(e&%%g%w{lu f? ntion

have been descrlbe érs Se€’'s he art

embodi mont 5. ToiPe BT BLE g TR AT E‘Sai?%?.e.c?' oine fethe

spirit and scope of the present .invention as deflne y the appended
claims. 12 Tigt ppdigeong, Compkéﬁwl%plyméewel@}b Afpapatas %ﬁf ma“'ml@iUP&Pf the I and
broadcasting receiver for recovering an offset of a carrier generated
during a #unfrignalsypasediondheamulfipss epieulatetiey the Bystangrsegond dieQs Wg@ﬂmdql"daéﬁt@i t al
broadcasting signal, the carrier recovery apparatus conprising: a plurality
of frequencySbﬁbsétuﬁénmmahén@ﬁuwﬁﬂsnﬁ@wlbsmkwamgmgnaiiﬁEMmbncy of f set of
the carrier generated during the tuning of the digital broadcasting signal,
by shifting a pl ufaGi t0yis efloptiladishbwing sheqihnicaifRBeictstimatingstep SSOQoBFIGanth t he Q
signal respectively to a base band; a conbi-rning unit for conbining the

frequency of fgefer @8dil. Mise thehyor fleer PYiRrk h cOHfbihéEOHIRIEN aefcsgbinghiniat i ng
units; 10 a phase offset estimating unit for estimating a phase offset of

the carrier fgfsoiGhe éo%ﬂea Q4ke @&Vmﬂfnfaﬁﬁhe glﬁusefaabdhaﬁ@temﬁcm@p §m§>l Phdg
Unit; and a voltage-controlled oscillating (VCO unit for oscil ing a
pr edet er phned plemal 1 Afcalculates the phase difference between the loop-filtered combined value and
the predetermined reference signal, to estimate the phase offset of the carrier (step S340).
Accordingly, the VCO 180 oscillates the predetermined level of voltage for
compensating for the frequency offset from the combining unit 160 and the phase offset
estimated by the phase offset estimating unit 170, and provides the tuner 62 with the
15 predetermined level of voltage. As the frequency offset and phase offset of the carrier is
estimated by using the two pilots, and such estimated offsets are considered when recovering
the carrier, the carrier can be recovered reliably even when the pilot is damaged.
According to the present invention, as the frequency offset and the phase offset are
estimated and recovered by using the two pilots, the carrier can be reliably recovered even
20 when the pilot is damaged due to variation of channel environment.
Further, as the carrier is recovered by using the two pilots, the carrier and the data can

be recovered more accurately.

Although the prefeired embodiments of the present invention have been described, it

11



vol tage for conpensating for the frequency offset and the phase offset and
then-tuning. 15 2. The carrier recovery apparatus of claim1l, wherein the
frequency offset estinmating unit conprises: a frequency shifting unit for
shifting the plurality of pilot tones to a base band, respectively; an auto

frequency cogfrgl unh@rWchﬂ@}gthBée si(ﬁ‘lred ARCak Bl thE 9fes&ﬁlrﬁzk'ﬁtﬁﬁq' sH&al@n&rb“e‘ GugRgy 20
difference of the plurality of | ot tones by filtering the bands of the

pi | ot tones’tortﬁes&gﬁm# ?iei‘erreﬂeln'b@ %ﬁtsfb%¥ v ﬂ?élﬁhgéa%@ R @&10‘9@3@ be,made
corresponding to equency offset o e carrier based on the frequency
di fference; A uni n e yave by
the O oi gnal "EBDsRI ] HEPY tﬁg%ﬁ?ﬁm:f%fv%f‘s R s G RSB her e n
t he conbi ning unit cal cul ates a conbi ned value of the plurality of pi | ot
tones by combining the nmultiples. The carrier recovery apparatus of claim
2, wherein the frequency offset estimating unit ful'ther conprises a | ow
pass filtering (LPF) unit provided between the frequency shifting unit and
the AFC-LPF, for filtering the frequency band of the plurality of pilot
tones output fromthe frequency shifting unit, whereby the nultiplying unit
multiplies the Qsignal filtered by the LPF by the pul se wave output from
the limter. 10 4. The carrier recovery apparatus of claim3, wherein the
frequency shifting unit conprises: a nunerically-controlled oscillator
(NCO) for calculating a frequency value for shifting the plurality of pilot
tones to the base band; alld 15 conplex-multiplying unit for shifting the
plurality of pilot tones to the base band, by

12



conplex-mul tiplying the frequency value by the I-signal and the Q signal.
5. The carrier recovery apparatus of claim4, wherein the phase offset
estimating unit CO111pl'I1Sf:S: 20 a loop filtering unit for filtering the
conbi ned value fromthe conbining unit so that the conbined val ue can

mai ntain a spp@fligcurve; and an auto phase control |ow pass filter
(APC-LPF) for estimating the phase offset of the carrier through the

conbi ned val ue fr t i i uni t ) rr ) very
appar at us of claigi Fﬁﬁﬁ%@%ﬁﬁﬁ%&%£%#8§%1@%@ﬂgﬁé%pﬁb lggﬁggﬁgg%?g?%gégin t he
| -signal and the O signal are hwo nd the frequency, shifti.ng unit., f.he
Lpr Sthe ARcosEolf G 2imeet dhGe o Al e Y vt S i S o PR BBty
provided in two g%}, 5 correspondingly. 7. The carrier recovery apparatus
of claime6, HREslrGdeasing %aﬁébwluﬁar%%vwmpaa&auﬁF@ﬁpre%gr NCO i's -3.57 Mz
and +3.57 MHz, respectively. 10 8. The carrier recovery apparatus of claim
7, whereih the freédglsHiyo 'W@fﬁéﬁéféetéﬂtﬂﬁﬂﬁmgﬂfi@@t%émmﬂ_gﬂuﬁlscywrﬁ@t oftheg
positive value, a negative value and zero (0). The carrier recovery

appar at us of cartigigam@atedviemgitie thhieg bf thm digitaldmendatstisg sipml, by lskidingaeurefity o1
when the frequency difference output fromthe AFC LPF is positive,

gener at es t hgildt Porpsit@eninvaa\ie thefl sighalwhé thetnagial eqpreticyly o f Hae¢ eamde from t he
AFC- LPF is negative, and generates the pul se wave of 0 when the frequency

di fference from t Beosbicmighiitifs Bmbiklhg the GefuehSoffs@GOHBALY] BEthb gRrdlig 610 a
carrier recovery apparatus of a digital broadcasting receiver, for

recovering apeffeh§aitrsOfes@m&glnfE; occurring during a tuning, by using 20 an
|-signal and a QsSignal contained in a digital broadcasting signal, the

met hod Cogpr i S! ng akhgs_e SHER %stﬁlflétingﬁhiit f@%gtﬂ%tﬁgggﬁgy S OP{hE %ﬁ‘}ieloffor \t,vnl%h the

carrier occurring during the tunrng, by usin

frequency offset is combined by the combining unit; and
a voltage-controlled oscillating (VCO) unit for oscillating a predetermined level of

voltage for compensating for the {requency offset and the phase offset and then tuning,

15 2. The carrier recovery apparatus of claim 1, wherein the frequency offset estimating
unit comprises:
a frequency shifting unit for shifting the plurality of pilot tones to a base band,
respectively;
an auto frequency control low pass filter (AFC-LPF) for calculating a frequency
20  difference of the plurality of pilot tones by filtering the bands of the pilot tones, respectively;
a limiter for generating a pulse wave corresponding to the frequency offset of the
carrier based on the frequency difference; and

a multiplying unit for multiplying the pulse wave by the Q-signal containing the

13



plurality of pilot tones contained in the I-signal and the Qsignal; 15
conmbi.ning the frequency offset that is estimted according to the plurality
of pilot tones; estimating a phase offset of the carrier by uslllg the
conbi ned val ue of frequency offset; and 5 oscillating a predeterm ned | evel

of voltage fg&r §ﬂ3@g&@ﬁgmgf%g fﬂg%u{requency of fset and the phase offset

of the carri tunin € cani er recovery nethod of claim 10,

Shi 11ing the TreqUeyoBr e e Alrar fEor R bage S Pl ghig

respectively; calculating a frequency difference of the plurality of pilot
t ones by f||€%?mﬁ@gf émﬂgﬂﬁk of the plurality of pilot tones that are
shifted to the base band; generating a pul se ~, vave corresponding to the
frequency offset of the cawi er based on the frequency difference; and 15
mul tiplying the pul se wave by the Q signal containing the plurality of

pi |l ot ton&s that &rEheshirfer edoveny tiiperabaoé cloimngl, wivhen Biciretjfrmacy offffst extingtisg ep
cal cul ates a conbined value of the plurality of pilot tones by conbining

t he respect i udt fimthén omedses 20ovil gass Tilterigpa(LPF punit e caer betweeh iedraiieely ahiftink | |
the frequency offset estimating step further conprises the | ow pass
filtering steft&@rthd AFCEPENGr alieraiztheRVuBRR b N6 tRe bl dpabi thies@iutpshi f t ed

pilot tones are positioned, wherein the nnritiplying step multiplies the
filtered Q skgfahe R¥uERS sRIFRINNRYRerebl8he multiplying unit multiplies the Q-signal filtered
by the LPF by the pulse wave output from the limiter.
10
4, The carrier recovery apparatus of claim 3, wherein the frequency shifting unit
comprises:
a numerically-controlled oscillator (NCO) for calculating a frequency value for
shifting the plurality of pilot tones to the base band; and

15 complex-multiplying unit for shifting the plurality of pilot tones to the base band, by

complex-multiplying the frequency value by the I-signal and the Q-signal.

5. The carrier recovery apparatus of claim 4, wherein the phase offset estimating unit
comprises:
20 a loop filtering unit for filtering the combined value from the combining unit so that
the combined value can maintain a smooth curve; and
an auto phase control low pass filter (APC-LPF) for estimating the phase offset of the

carrier through the combined value from the loop filtering unit.
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13. The carrier recoven~ nethod of claim 12, wherein the frequency shifting
step-conprises the steps of; calculating a frequency value for shifting the
plurality of pilot tones to the base band, 5 respectively; and perform ng
the frequency shifting into the base band with respect to the plurality of
pil ot tones, by conplex-multiplying the frequency value by the |I-signal and
the Qsignal. 14. The carrier recovery nethod of claim 13, wherein the
phase of fset esti in i f -' i ng the
conbi ned val ue soﬁ%th{rﬁ%?egg#g}' %pg’gp‘] &daslsoﬁgla}égﬁ’ ‘%el?eg[?g{gr?hgélgﬁgﬁlw?:Oﬁlrgéve; and
estimating the phase offset value of the carri )yased on. .t he copbined

val ue that | SnBER TRy Wi erat &P idihs BRRGEH G nuntist BF 1 8F e m

| A, wherein the plurality of pilot tones contained in the |-signal and the
Q signal ar ethRydC-RE ﬂ‘mémé%\ml%?hem&&f&}@flguwﬁrﬁwwvav Bioyided 0 iR eki n t he
frequency val ue output 20 fromthe frequency value calculating step is
-3.57 NHzS anepruesp@dinghiz, respectively. 17. The cawi er recovery nethod of
claim 16, wherein the frequency difference output fromthe frequency
difference calculating step is one of a positive value, a negative val ue
and 17 zero (0). 18. The carrier recovery nethod of claim 17, wherein
pul se wave gener at/i Tig: Gtrép rgeneey adpagatitsh€ clain 8§ evheraiathe fetjuenty wilenodthe from
frequency difference output is positive, generates the pul se wave of -1
when the freguemmyisdi3sfsf7anEnaa] +R5N0GRL teyRctidd generates the pul se wave of

10 8. The carrier recovery apparatus of claim 7, wherein the frequency difference output

from the AFC-LPF is one of a positive value, a negative value and zero (0).

9. The carrier recovery apparatus of claim 8, wherein the limiter generates the pulse
wave of +1 when the frequency difference output from the AFC-LPF is positive, generates the
15 pulse wave of —1 when the frequency difference from the AFC-LPF is negative, and generates

the pulse wave of 0 when the frequency difference from the AFC-LPF is 0.

10. A carrier recovery method using a carrier recovery apparatus of a digital
broadcasting receiver, for recovering an offset of a carrier occurring during a tuning, by using
20  anI-signal and a Q-signal contained in a digital broadcasting signal, the method comprising
the steps of:
estimating a frequency offset of the carrier occurring during the tuning, by using a

plurality of pilot tones contained in the I-signal and the Q-signal,
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0 when the frequency difference is 0. 18 .A As .As .AS .Any .Aly .Asy .As
AT OAY AN O AAY L As AN L As[ LAy .As . Anf @xF] hPf@

K{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] c: a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] c”a]ca]ca] cRaU] cal!\ k @S>y,

QD" u} xsni d_Z] ] ca] %h%ﬁﬁ@h@ﬁlcﬁéﬁ&@]fﬁ@dt%l%hﬁ%@QJcﬁﬁ‘ﬂi wabegilqal cal c
a]ca]ca] ca]ca]ca] caJca]ca]ca] ca]ca]calu/BLvj., 1R {vqglg X] ca] c cal ca] ca]ca
] ca] ca] ca] ca% %lca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca]
ca] ca] cal &ﬁ PALTT " " #] # ##

estimating a phase offset of the carrier by using the combined value of frequency
offset; and
5 oscillating a predetermined level of voltage for compensating for the frequency offset

and the phase offset of the carrier for tuning.

11. The carrier recovery method of claim 10, wherein the frequency offset estimating
step comprises the steps of:
10 shifting the frequency of the plurality of pilot tones in a base band, respectively;
calculating a frequency difference of the plurality of pilot tones by filtering the bands
of the plurality of pilot tones that are shifted to the base band,
generating a pulse wave corresponding to the frequency offset of the carrier based on
the frequency difference; and
15 multiplying the pulse wave by the Q-signal containing the plurality of pilot tones that
are shifted to the base band, wherein
the combining step calculates a combined value of the plurality of pilot tones by

combining the respective multiples.

20 12. The carrier recovery method of claim 11, the frequency offset estimating step
further comprises the low pass filtering step for filtering a narrow band where the plurality of
shifted pilot tones are positioned, wherein

the multiplying step multiplies the filtered Q-signal by the pulse wave.
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1092 & () 24 0%&m e fréqg xﬁ])ue Sadhiiatim G( I APAONE &G )3 57 KA DY ESndcd

10%2& ()- 0% & ()-10%& ()- fllO/aE -LG'10% & () - (F)z))**z**)ﬂ}k KL310% &
'()-31-10%& ()-/310%& ()--"10%& () *510% & ()-(10%& ()-&S

109@& ()-) +++, +-+. ++4D, , | KL310%2& ()- 109%& ()- 109%&' ()-109& ()-yf

10%& () -10210210zk 6% E{% %i%%/%}’ 3Smethad of claKm'Sf {g}‘cig)(ﬁc\f}e%g/ggﬁcg Wieference output

109& () -, 109%& () -

from the frequency difference calculating step is one of a positive value, a negative value and
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10%&' ()-.B/n//*0_001i K-K( 10%&' ()-&&109& ()-$10%&' ()-" @109 () -

109&' () - le%& ()-10%&' ()-1{11=222222i KA71010

s6s109%& ()-L3109& ()-F1L! 109%&' ()-,/109& ()-s-#10%& ()-*9! 109& ()-22\3}33*44
4} A710- 109%&' ()-!109%& ()- Y109&' ()-MLO%&' () -

109%& () - L! 10%&o(0); 1045] 556h667i K- 7109&' () - 109%& () -y10%& ()-sZ" 10%& ()-YL10%
& ()-@A10%& () - 0%& -7} 77 888N99| K- 7s& ! 109%&' ()-+L! 109& () -

109%&' ()-&10%& ()-9$, 109%& () "109%&' ()- 109%& ()-9:;::::::: }SI Ks&-l 109 () -f
10%&' ()-1010103s6 109%& () - 3y10%& ()-YIMLO%&' () - @ 109&' () -

rooa () o LI BT et e bba on0 7 s Bl W%'as%/%’“?a step

%gfﬁ E g Sgloogg;‘gs%tss tlgfeo };{%@7&2 ?%@) A%?Aﬁlaé-fag)&ﬂ Efs(:)l%& c)utp11¥1s positive, generates the

109&’ () - AQB2B3B4B5BBBECI K 1I 109 ()-f
10%&/ () * 0oRuley W (hen Bredroree Rrense i 39gsdige. @nd proeratseitsombEi Vet " 10%
& ()- 10%& g)&vllocy& ()-L109%&' ()-s10%& () -

110%& e isErRapper difemnge K& 109& () -$ 10%&' ()-"3109%& ()- 10%& ()-
109%& ()-| &I 109%&' () - S& 10%& ()-GDHHI U 1 11§ K-K 610%&' ()-93

10%&' ()-319! 109%&' ()-/, 109%& ()-"-!109%& ()-* 1109%& ()-(,

10%&' ()-1111.JIIHKKI K 610%&' ()- :!10%& ()-M 10%& ()-

10% & ()-310%& ()- @0%& ()-101010KKHLLM MWNi K- K10%2&' ()-f10%& ()- "10%&
"()-F 10%& ()-, 10%& ()-10%& ()-10%& ()- N\ NNOTOOPgPI K- K*

10%& ()-(S10%& ()-&Y10%& ()-9$ 10%& ()-"s!10%& ()- 10%& ()-

10% &' () - qPPQOQRQAQAQY si K* 10% & ()-y 10% & ()-10z10z10zL310% & ()-31

10%& ()-,/ 10%& ()--10%& ()- QCRRRRRRRRi K*

10%2 & ()-109%& ()-10%& ()-10t10t10tL610% & ()-t10% & () -

10% & ()-R SSTeTTU. Ui K- KF10%&' () -, 10%& ()- Y109 ()-!109& () -

L109%&' ()-109%& ()-& 10%&' ()-.UUUVPVWV- W K- K&10%&' () - $y109&' ()-"-#10%&' ()-10%
& ()-S109& ()-f109%&' ()-LFf#109%& ()--W

WWNEXE XXXi K- K 610%&' () - L3F109%&' ()-31310%& ()-/10%& ()-s-#109%& ()-*F109%&' () -
(mMLO%& () - XXXXXKYdYYZi K 610%&' ()- 9!'10%& ()-10%& ()-10%& ()-Y10%& ()-
10% & ()-101010ZuZzZ[[ [K[[i K-K10%& ()-10%& ()-110%& ()-s10%& ()-Y10%&
()-S& 10%& ()-&S 10%& ()-[[S\\\]]11]i K- K@

10%& ()-& "10% & ()-+10%& ()-)10%& ()-$-10%& ()-"#10%& ()-

10%& ()-11)", -~ A AN K@ 10%& ()-@

10%&' ()-310%&' ()-10z10z10z610% & ()- 3Y10%& ()-Y1 10%& ()-8 K _,'y "ikK-
KL10%&' ()-f109%& ()-L@10%&' ()-, 10%& ()-s10%& ()-

10%&' ()-109%& ()- 'aaab}bbbi K-K,/F109%& ()-s-"10%& ()-*& 10%& ()-(10%& ()-$10
%& ()-"g#1l0%& () -

s!109%&' ()-b@ccccccci K,/ F109%&' ()-10%& ()-yl10%& ()-101010

T6109%& ()-L310%& ()-3110%& ()-c: dFddd#e@ei K- KLM 10%g& () -310%& () - 10%9& (
)-1099¢& () -

"10%g& ()-10%& ()-10%& ()-eebfffg+g}gi K- K&Z10%g&' () - $10%&' () -" @10%& ()
- Z 10%& ()-10%& ()-110%& () - S10% & () -} gggZhhhhhhi KA710g10g

"610%& ()-L310%& () -

110%9& ()-/!'10%& ()--'10%& ()-(10%& ()-hh"i?iiij]j}_A710gl 109& ()-10%& (
)- 10%& ()- 109 ()-210%&' ()- Y10%&' ()-109g]jjj!k, kkkki K- 7"109&' () -

109%&' ()-,10%& ()-1210%& ()-S10%& ()-L3

10%&' ()-3&10%&' () - kKl hl I msnvm K-7" 610%&' ()-93! 109%&' () - 31&10%&' () - s-

109%&' () -*10%&' () - &10%&' ()-$310%& () - vhmwrxrmymmidnnni K 6109&' ()- 10% & () -
10% & ()-M10% & ()-10% & ()-f10% & ()-2101010nnmminnni K 610%&' () -

10% & ()- 10% & ()-M10% & ()-10% & ()-f10% & ()- L610% & ()- Normal "
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
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